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Abstract; Endocrine disrupting chemicals (EDCs), especially pesticides with endocrine disrupting effects, have at-
tracted extensive attention for their potential ecotoxic effects because they can significantly affect the growth, devel-
opment and reproductive systems of aquatic organisms. Daphnia magna plays an important linkage role in the food
chain of aquatic ecosystem, and is more vulnerable to the effects of residual pesticides EDCs in the water column.
Their toxic effects are of great significance in the study of aquatic ecosystem toxicology. In this paper, we focus on
the growth and developmental toxicity and reproductive toxicity of pesticide EDCs to Daphnia magna, analyze the
resulting oxidative stress and neurotoxicity from the perspective of enzyme activity changes, and reveal the mecha-
nism of their toxic effects at the level of gene expression. We find that pesticide EDCs act through disrupting the
nervous system and endocrine system. Besides, the research prospects of the combined toxicity and multi-genera-

tion effect of the pesticides EDCs were proposed, which providing a basis for further-exploring the toxicity of pes-
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ticides EDCs to Daphnia magna and assessing the ecological environment risk.

Keywords: pesticides EDCs; Daphnia magna; acute toxicity; chronic toxicity; test endpoint
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Table 1 Acute toxicity of typical pesticidesendocrine disrupting chemicals (EDCs) to Daphnia magna

ES A% HL5 SEg I ) /d HSH 5 (mg-L™")
Classification Pesticides Experiment time/d Toxic parameters Results/(mg-L™")
A S G 1 24 h-EC,, 085 ~1.03131
Deltamethrin 2 48 h-EC; 061 ~0.88"
05 12 h-ECy, 050141
g A T 1 24 h-ECy, 0.02714
- Sﬂ%%@ﬁ‘ 2 48 h-ECy, 0104
PR HLU A 12 Cypermethrin ; 2 hEC, T
Pyrethroids
4 96 h-EC;, 0.000614]
“REZNE Permethrin 2 48 h-LCs, 0.001205]
S H 241G Lambda cyhalothrin 2 48 h-LCs 0.001051
R 44T Esfenvalerate 3 96 h-LCs, 0.0000291161
J¥ic 3§ Tig Tetradifon 1 24 h-LCs, g9l
=R 1 24 h-ECy, 0381181
Dicofol 2 48 h-ECy, 02018
H & Diuron 2 48 h-ECy, 86119
BiFHiiAREE Endosulfan sulphate 2 48 h-EC;, 0921201
4 #H Dichlorvos 2 48 h-LCq, 0.0002211
AHLAK -
Organochlorine 447 - A 2 48 h-ECs, 0.1700
4.4’ -dichlorophenone 2 48 h-LCy, 0261
MFF Lindane 2 48 h-LCq, 051622
p.p’ - 2 p.p’ -DDE 2 48 h-LCy, 0.0052
Bk 1 24 h-ECy 0022624
Chlordane 2 48 h-ECj, 0.0134024
W4 Diazinon 2 48 h-ECj, 0.000725)
RIS Fenitrothion 2 48 h-ECj, 0000525
IR Malathion 1 24 h-ECq, 0.0018120]
GRLUES [ 1 24 h-ECy, 62
Organophosphorus Dimethoate 2 48 h-ECy L1
X i Parathion-ethyl 2 48 h-LC, 00025281
RESEI 2 48 h-LCs, 000122
Chlorpyrifos 2 48 h-ECy, 0.000728301
A 1 24 h-ECs, 13881
SR i K Fenox?/carb 2 48 h-ECy, 09781
PELER 2 48 h-ECy, 001252
Carbamates Carbaryl 3 96 h-LCs, 429 ~ 13831
KZ B Methomyl 2 48 h-LCq, 76 ~3178
% JE R g 1 24 h-ECy, 1.1581
Methyl farnesate 2 48 h-EC;, 0.77B1
I Pk 1 24 h-EC, 12281
HAb Pyriproxyfen 2 48 h-ECs, 07781
Others nik Mk Imidacloprid 2 48 h-ECs, 9784
F#+B£ Linuron 2 48 h-ECs, 7091
Z5UIK Diflubenzuron 2 48 h-ECy, 00033551
FTREREHE Atrazine 2 48 h-ECq, 35 5015]

Y ECsy KRNI | LCsy TR L HIEHIE .

Note: ECy, means concentration for 50% of maximal effect; LCs, means median lethal concentration.
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( Chronic toxic effects of pesticides EDCs on Daph-
nia magna)
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Table 2 Toxicity of common pesticides endocrine disrupting chemicals to the reproduction of Daphnia magna

ZRFRI ) /d BRI
N A IS B .
VEs Al B R fmg-L™) 4
. - Exposure . L .
Classification Pesticides ime/d Physiological index Exposure concentration Results
time,
/(mg-L™")
RS IE SO LB L
) 21 0 ~0.00016 264 ~ 114913
Deltamethrin Total number of neonates
IR R A 2L ST AE LA B
] ) 21 0 ~0.0002 7 ~142
Pyrethroids S & 2 lE Total number of neonates
Cypermethrin BHEEL
21 0 ~0.0002 3.7 ~6%!
Brood number per female
T ST LI
21 0 ~0.001 79 ~22082
DDT Total number of neonates
AHLAE F ST RO A LA
21 0 ~0.001 74 ~21842
Organochlorine Methoxychlor Total number of neonates
TR RO A LA
21 0 ~046 48 ~113®1
Endosulfan sulfate Total number of neonates
FHLEES AL SO LB
_ 21 0 ~0.0003 14.62 ~ 110958
Organophosphorus Chlorpyrifos Total number of neonates
BB LB
21 0~0.1 14 ~619841
AR Total number of neonates
2zR DA S Fenoxycarb ST LB
21 0 ~0.002 16.52 ~173.145%
Carbamates Total number of neonates
PUYER JR AL 2R
21 o 0~5 0.19 ~115)
Carbaryl Percentage of hatched individuals
ST LR
21 0~0.15 86.52 ~ 143 365
[GER= AL Total number of neonates
Atrazine A LB
21 0~15 1549 ~110.5583
Total number of neonates
BAA LB
12 0 ~0.0004 38 ~ 8706
Total number of neonates
LVl ST LI
' 18 0 ~0.00005 208 ~83.58¢
Pyriproxyfen Total number of neonates
BATA LB
16 0 ~0.00005 75 ~1025¢]
HiAth Total number of neonates
Others eI R ST LI
8 0~0.18 296 ~9.0547
Methyl farnesate Total number of neonates
R Lk BB LBY R
‘ 21 0~000006 1842 ~163.84H]
Diofenolan Total number of neonates
I 1 2T AHX BEhE i
21 0~5 0.08 ~ 15¢
Hydroprene Relative reproduction
I UG AR S5
21 0-~38 0.03 ~ 15¢]
Kinoprene Relative reproduction
TRY ik ST AE LA B
21 0~0.1 63 ~2635%

Epofenonane

Total number of neonates
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Table 3 Effect of common pesticidesendocrine disrupting chemicals on sex differentiation of Daphnia magna

BT E(mg- L)

S A% L) ZFE I /d A PR bR ) 45
. . . . . o Exposure concentration
Classification Pesticide Exposure time/d Physiological index Results
/(mg-L™")
PR A g2 TR SR Lt L
] ) 21 0 ~0.00016 0 ~0651!
Pyrethroids Deltamethrin Sex ratio of total neonates
B v eV SR AR LE 1
21 ] ) 0 ~0.001 0.07 ~0.39E2
Proportion of male offspring per brood
i 1 DL AR
21 0 ~0.001 48 ~ 19412
T i T Total number of female neonates
DDT e A LB A B
21 0 ~0.001 11 ~3162
Total number of male neonates
8 R AR
21 0 ~0.001 16 ~4.101

Total number of males per brood

BT AP ACHY LU

21 0 ~0.001 0.07 ~041
Proportion of male offspring per brood
K P T 2 LB SRR
AU 21 0 ~0.001 47 ~206
Organochlorine Total number of female neonates
FH 4R o s v Y RSB
21 0 ~0.001 7 ~2982
Methoxychlor Total number of females per brood
HEPEB A LAY B4
21 0 ~0.001 10 ~264%
Total number of male neonates
B % R TR Y BN R
21 0 ~0.001 14 ~380
Total number of males per brood
[iivZiTe ey ST LI PE S
21 0~046 0 ~0.954!
Endosulfan sulfate Sex ratio of total neonates
AR SSTAE LR PE S L
) 4~6 ) 0~0.1 021 ~0.63018
Dicofol Sex ratio of total neonates
EERiIR0ES pa ST LR PE S L
21 0 ~0.0003 0 ~0.951!
Organophosphorus Chlorpyrifos Sex ratio of total neonates
SHTAE LR PE S L
6 0.00002 ~0.0017 0 ~ 10081
Sex ratio of total neonates
ST J LRSI e
14 0 ~0.065 0 ~0.580%
Sex ratio of total neonates
A LR PE S L
21 0.0006 ~0.006 0 ~0.9854
Sex ratio of total neonates
I BRERZE AR ST J LRSI
21 18~33 0.07 ~0.965
Carbamates Fenoxycarb Sex ratio of total neonates
ST AR LIPS H
21 0.02 ~0.32 0 ~0.9957
Sex ratio of total neonates
HEPERT A L BB
29 0 ~0.0003 0 ~20856!
Total number of male neonates
P BT A L) S BR
29 0 ~0.0003 0 ~ 97456

Total number of female neonates
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. N B FEFWSE (mg- L")
s | B/ HE R R . _ 7
X . . . . L Exposure concentration
Classification Pesticide Exposure time/d Physiological index Results
(mg-L™")
B3 RS Y L
6 0.00002 ~0.0018 0~184
Proportion of male offspring per brood
Tt BT A LB B
12 0 ~0.0004 0 ~44 2508
Total number of male neonates
EPERT A LI BN
12 0 ~0.0004 89 ~ 876456
Total number of female neonates
HEPERT A LI BN
16 0 ~0.00005 0 ~504B6
Total number of male neonates
EPERT A LAY BB
16 0 ~0.00005 24.8 ~ 10266
Total number of female neonates
Tt BT AR LAY S5
18 0 ~0.00005 0 ~5.8306
) Total number of male neonates
I i T 5 o
. P T A L S5
Pyriproxyfen 18 0 ~0.00005 0 ~55.115¢
Total number of female neonates
ST LR PE S
21 0.13~33 0 ~09654
Sex ratio of total neonates
P T A L) B
21 0 ~0.0005 52 ~1074P4
Total number of female neonates
MR LI R
21 0 ~0.0005 0 ~404068
Total number of male neonates
s RS A L
oA 21 0 ~0.0005 0.06 ~ 158
7= Proportion of male offspring per brood
Oth R
o R LA 5 1
21 02~35 0 ~0.995
Sex ratio of total neonates
¥ L 2 g SHTE LRI L
21 ) 34~54 0.19 ~0.9954
Hydroprene Sex ratio of total neonates
(A A LR PES L
21 037 ~0.77 0 ~0.9554
Epofenonane Sex ratio of total neonates
975 UL SHTAE LR PE S L
) 21 i 63~83 0.1 ~0.9854
Kinoprene Sex ratio of total neonates
I L i SHTAE LR PES L
21 58~74 0 ~09564
Methoprene Sex ratio of total neonates
B rh R AR L)
6 0.00016 ~0.16 0~161
Proportion of male offspring per brood
e g B rh R AR L)
8 0~0.18 0.09 ~0.1747
Methyl farnesate Proportion of male offspring per brood
ST LRSI L
21 0~6.7 0 ~0.675%
Sex ratio of total neonates
ST J LRSI
) 2 0~07 0 ~ 160
2 figk Sex ratio of total neonates
Diofenolan SO LR L
21 0 ~0.00006 0 ~0.9910
Sex ratio of total neonates
TIPS IAE S SHTAE LR PE S L
21 0~15 0 ~094!

Atrazine

Sex ratio of total neonates
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B P A BRI RN T AR
RIS TR SR B A i R i B o KRR
BRI AT R Y — RBEBE A SY
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MrBEIZE S, KB RTEILL R 21 d J5 A E 5 AR S
B 58 IS0 R T I A O, A 7E — 7 W B2 1 2% ORI
FH R RAIE S 30 S 1 i Bz DRIl R L it o] 44
A DME RPN A DGR M R R

H A 58 C 28 W B8 0 5 IS [ B AE AL ) A% e
F 23 FBORAYRE S B B AT 3R 5 e B8 i ok /D A
SEAWE R EIG I, A BT R R R
FREE T 20- 72 B Wi e PR 5, B A LR R IR
R Rt R A3 2 I 28 AT, T g 5 M0 e Y v 4 i
it 7e M TS PE A O i T LRSS T B S W5 R
PR EA MR ZE R, AT 5 R R 2 R
SEABH IR T W R R W R R S R R S R A
A, IR BOR AR Rz 2EIR Y PR, 50 f7 3 —
A BRAE AR AT LU AR SR B 2 [ B2 % s 0 H 72 3
PIBEERON  HAIbR A 2 —

3 RHFZE EDCs M REBGERRFHEIERE ( The
toxic mechanism of pesticides EDCs on Daphnia
magna)
3.1 ARHFAIZE EDCs X A AL A W i 1R 4 52 i
30101 AR HUR X SR SR O A 52 )

BEE 75 HEW BRI R, B A REDFIER
e RSy S R ETOEE 7/ DU 0k S8 N Y|
ST TS0, ATRUR R B A ) g A I A Y A
Pbricy, HRANE R TOMNEA SR, AT RES
TE P BTN AR Z5AH 5 B 7K 8- A AR S AR B, T 48 AL
2 S BN B 4 AL T RE R A . DNA FIEE 1

B s, A KRR R, 2K ORI Sk
A SR PR TS 75 S A AR N A
B, 4 KRR R T AR F O, KA
T EE PR A R G b A ) B AR (SOD )
1 AL SR (CAT) R B T IR L B (GST) > ~F- i 4
LA PR 1 9 s (R, el e T AR A A LR
EWE ARG DU A LGS TG  DNA #5140 F1 i BT
HEASEIS . Hrb s B E AR S B A e ez
P EEHL , HAR R A A B Ak 1 = e
T (MDA) & 1 ORI, W KRR E T 0.1 pg-L
XL A B, MDA 1 & 5 AH T X AL 38 n T
10% ' H, BR Bt S AL FIbT AL B8 R SERRAE
AR BN PR BT HOB I 25 I B AR
3.1.2  AHFIZE EDCs X #1245 2 G0 A S A 52
Ko A HFI R EGE B A M e, B
TR IR £ T R 6 1t (AChE ) 3 4 19 410 ) 8 4
st  H B e SR R N B AEGEM A XK
RIR A (R A A 7= T P B R B2 R
PR AChE §5ME B 400 F TG T A HLBE R B
TR 2 5 i F i 288 2% ORI X TE A sl i n R AR 1
SN ETR Z E IR B (ACh) J2 #2583 48 1Y) B A
b2 — AFE TR E AL WAEZ s RS0
(I il R RS 28 2R 8 S AL 8, X AR K A LR Y
WA TR BA E2AE AT, o & i el 25 35 52 )
JUL PR C & 32 T el AR A7 R 3% 207 . AChE A Ry 7K fif
il , F7E T4 22 R JIL PR 40 i =2 ) %) 2 ik ] L, R
ACh TRIFK i A7 5 v 1k 28 Al A% 361 YR T %
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