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Abstract; The data of the acute toxicity and acetylcholinesterase (AChE) inhibition effect of aquatic organisms of
three organophosphorus pesticides (OPs), including dichlorvos, parathion and malathion, were selected and ana-
lyzed by species sensitivity distribution. The results showed that the order of acute toxicity and AChE inhibition
effect for dichlorvos was in vivo AChE inhibition > in vitro AChE inhibition > acute toxicity. The trends of species
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sensitivity distribution of malathion and parathion were similar based on their insufficient data. The orders of acute

toxicity and AChE inhibition effect of malathion and parathion were in vivo AChE inhibition > actue toxicity > in
vitro AChE inhibition. The 5% hazard concentration (HC;) of acute toxicity and inhibition effect of dichlorvos

were 2.07 wg-L™" and 1.53 pg-L", respectively, which differs by 1.4 times from each other. The data of AChE in-

hibition effect of OPs could be of great reference value when deriving the water qulity criteria.

Keywords; organophosphate pesticide; aquatic organism; acetylcholinesterase; species sensitivity; water quality criteria
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NEATHIT T E 4 A ) Rl EURR B 45 SR e B Y 5
FIRRN R UK, ELA R A 18 R K o R R 1
N S 7, TEE 55 0 %) 5 PR 3R AR 000 5518 v i M B
P AH LA B L

A HL#EAR 25 (organphosphorus pesticides, OPs)H.
AMRA 208 | A 22 SRR N, & BT AE S Rl
AT 2 W — A1 LB 25 P BE R FR AN
39 1T I R N FRBE AR ) X6 7K A A ) N A £k
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AChEWE WA WL R 25 bR, DR B TIRZ
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W 3 i ML A 24 X8 7K 2B AR W 1Y) 2 B 1 08 A
AChE #2800 B4 | F) FH 90 b 0% 2 A 0 L 3%
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BEAR 25k BE(HCs) . 80T T AE/K T HE S v, A5 AL
AR 245 %) AChE il 2807 £5o e 2 75 ELAT 4 b 5o A5 HL
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1 ##l57i% (Materials and methods)
1.1 B4 Sifik

AT 3 B HUBEAR 245 % K A A W ) a1 R s
FEOk B 3 E IR E (USEPA)" 1) 5 M 854k 72 EC-
OTOX(http://cfpub.epa.gov/ecotox), [F] i} F1] Ff Web of
Science , Sciencedirect , Wiley , Springer A1 H [ %1 [ 45
SCHREE PEAS R 8 T e 3 1 v 3 SOk I LU A5
SCERE S I SCHRPE D Ab 8, T2 84 T B (di-
chlorvos) X} i i (parathion ) A1 &5 $i7 47 # (malathion)3
A PLBEAR 250K A AR W st e . R BT HIG
RGBT BRI R KA
W CTERE R R A A LB AR 2 K B
HE” ARSI RS IEAS | R R 4
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(ECyy), R HEHI ] 2~ 4 d, /N [ 2 5 1 1) 34 041G LA ko
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PEEAE | 24 5% 55 ] [R] A [ B 355 5% dee 0ER i B ; 1)
— W FRIAS [ A A B B 8 B B D SR i B B
B,
1.2 Hakbr

PR AR HLE ) A A e 4% RO B e /NBI R R AT
HEF 3545, Rl — 9 i 4 224 [m] 28 2 1 Eic s B L]
SEREAE Az A 2B M (E 5k AChE 41 350 0
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X, PRy BB 1 PR HET R, N JEFREAEL
B HEF 5 ) BAHE SRR B B X B (v
G AT AE Origin 9.0 , 1 F 5E— 4 R M R A A i
TTZEANE YU i ith 4, 2 BB
k1 0.05 B, XoF 7 (14 e J3E 3l 2 7K A A 1S 5 1 LA
K 5% B 75 e Wk B (HC,) R A 8- 1E 550 A
(A 2) R B2 8 i & R E (A 3K 3) %) SSD ik
HATHLA R HPCE AL IE RE(A). R FUINALR J7 K
¥ Z 5 (Reduced Chi-Sqr)X K WE AL L5 10 B,
EES eIy Rl
XPR-Z IR AL y = U[l+exp((@ —x)B)]  (2)

SR IE 254 AL y = %[1 + erf[ JZLJ IINS)
g

ey g RIHESR , x A ML A 24 W 3 e
fEi(ng L"), B o BRI SR, erf( ) hiR2%
I%l;g&o

2 %53 (Results)
2.1 EHUBEARZXT AChE AHI i %N

ELECEE X B A S R A A 3 A S AT B A
25X KA AP SR P SRR 1Y 69 B
W 2 PR R SRR AY 43 FhA B 2tk
FEPEECHE , R A 11 A A W 1) S 7 P O (L
iR 1~3),

A SCHE AR (% ACKE il 50 #5402 7 2tk
BEPEEIE 200 I 26 FhK A=A A0 45 19 FhAE DY
FLECL FE R |8 AR W ) S BB A 1 U A S
o A= 20 X J 8 5 1 A, G b DL ECRCEE ) AChE
IS E A o FE (R 1~2), 26 MuKEAY)
2N 19 Fh

26 PR AE AP B RS 56 v AR HEA 8 T vk 1
AV R YL s FARSN 3 A 10 s SCik bR
FHARSN BRI  BEHUAE DR N 9 AChE 5 R[]

F1 ZEAEREERES(AChE) BN RET 3 MENBER B L EI AR E/HEUNFIR E (EC,,/IC,, ) &

Table 1 The EC,,/IC,, values of AChE from in vitro exposure to three organophosphorus pesticides (OPs)
A LB Z Pyl R (gL AChE i i 1] L Sk

OPs Species Exposure concentration/(pg-L™') AChE source Time ECso/Coollg L) References
BHEf O. aurea 0~100 000 AL Muscle 10 min 1 896.25 [29]
IR A fif 4 H. molitrix 3 000 WLA Muscle 3 min 10 145 [30]
Malathion 4t H. nobilis 3 000 LA Muscle 3 min 9916 [29]
LA % P promelas AILA Muscle 1183 [31]
BHE O. aurea 0~100 000 LA Muscle 10 min 6.85 [28]
fifft H. molitrix 3 000 AILA Muscle 3 min 182 [29]
figi £t H. nobilis 3 000 AILA Muscle 3 min 167 [29]
it C. auratus 100~8 000 000 fidi Brain 30 min 1750 [32]
F 510 A. gigas 0~1 000 000 Jiii Brain 15 min 512.67 [33]
Je Pkt O. niloticus 0~1 000 000 fidi Brain 15 min 1193.29 [32]
g E. electricus 0~1 000 000 JIi Brain 15 min 35.36 [32]
T BRI A. alburnus fiki Brain 30 min 139.22 [34]
Dichlorvos TS 1 L. idus fixi Brain 30 min 68.5 [33]
MMt E. lucius fiti Brain 30 min 68.5 [33]
KEE R C. macropomum 1~10 000 Jik§ Brain 30 min 8.84 [35]
KR 6 C fyra 200~20 000 JILA Muscle Ih 5.1 36]
KRN 5 S. solea 200~20 000 (K Whole 1h 68.5 [35]
KAFUF P serratus 200~20 000 LA Muscle 1h 243.08 [35]
K45 C. gigas 200~20 000 il Gill 1h 16.13 [35]
=Hilfi G. aculeatus Ji%i Brain 30 min 7.95 [37]
X B BHEfa O. aurea 1~100 000 LA Muscle 10 min 3498.03 [28]
Parathion K#EVZE D. magna 39~2 500 # K Whole 45 min 764 [31]

TR R A Bl

Note: “-” no data.
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Fps WA LB R 2R A fF — Ak T
J M A ML A 25 % AChE f9 41 il 280 222 s 5 8
Trod SCHIR PR AR P S 2 1 7 12 W R T 2 ) R R
RIRFZE WA LB R 2, Zad — it e 5,
PRBOT I 22 BTG, 15 2078 HLBE A 25 76 AS [R] 22 52 1 1)
PIXF AChE 41 il 20 =2 B0 i B0 dis e B, 78
AChE WAl v s 1 16 ok A8,
FreRUER ) RN £0 757 , B AR A Sl £ | 7 3 A 22
2y 350 15 ; PIHRBEY 4 Flok Y U 2
PSR T R N R B T A 22 2 10 £i%;
SRR 2 FRACOK A=A W b S BB R A R
AN B AR, W 2% 5 £, 7E AChE K
PR b RORE SR A DG Y 3 Rl KK A= A )

IR AR A S R B R S AN SRR S R e &y L
HHHZELY 35 A s B RLORBEREPEAHOCHY 4 PR AKK A
A= AR A S I R Al e AN R A R W £
P AHZE 1 A% s X R B 5 PEAH DG 1Y 4 FlR KK A=
A=y SRR S KA, B AN RURR Y R 4 S
P AHZEL 110 fi5. 5300, RS gLy i rh R i i
WA 2E AR K, e/ M 3 min(BEfa) , x4 h 1 hORF
PEAER)
2.2 SSD R AELA PR

3 2 X 50 1E S 43 A R EIORITN -2 8 i R A
PLA 5 SSD HhZk,2 AR A MG iS5 &
3), BRI ,2 A RBEUA S50 i, H
KEE TR 2B KT 0.937, AR5 1656 2 505

%2 ZBPEHEERES (AChE) A NEE T 3 MAEVBER I LB IR E/ L HIMFKE (EC,,/IC,, ) E
Table 2 The EC,,/IC,,values of AChE from in vivo exposure to three organophosphorus pesticides (OPs)

APLBEAR 2 Yirh SRR (ng L) AChE K5 fisf i) B ik
: . . ECs/IC5o/(ng-L7)
OPs Species Exposure concentration/(g-L™') AChE source Time References
HAUF P pugio 1.88,3.75, 7.5, 15, 30 i Brain 1d 733 [38]
IR #5685 1. furcatus 0~20 000 il Brain 4d 8 500 [39]
Malathion ifift C. carpio 4.57~20 000 Jii Brain 4d 54132 [40]
ML IEES F. heteroclitus - JIé§ Brain 1d 0.81 [41]
— KIWEE D. magna 0.01, 0.1, 1, 10, 100 HIK Whole 1d 0.17 [42]
) = WA C. riparius 0.01, 0.1, 1, 10, 100 #&{K Whole 1d 6.2 [41]
Dichlorvos ) .
YR H. gammarus 0.001~100 Ji%i Brain 1d 2.7 [23]
K% D. magna 0.01, 0.1, 1, 10, 100 1K Whole 1d 0.61 [41]
X B FEWA AL C. riparius 0.01, 0.1, 1, 10, 100 (K Whole 1d 29 [41]
Parathion 43k G. seabream 300~1 250 /i Brain 3d 712 [43]
4:fa C. auratus 2 500~8 000 Jii§ Brain 4d 50 [44]
R RN R R
Note: “-” no data.
=3 2NEF RN SSD &M St SH
Table 3 The statistics of two mathematical functions for SSD curves
SR N X 4-1E 25434 Log-normal X418 48 17 Log-logistic
A2 BETERL - " " R " "
. AR R R RIERERE R AR RE  RIERERK e
OPs Toxicity effects
Reduced Chi-Sqr Adj-R? Reduced Chi-Sqr Adj-R Parameters
EEE AR Stk @=2.50609
) - 0.00209 0974 0.00199 0.976
Malathion Acute toxicity £=0.98137
Atk a=2.65869
0.00151 0.982 0.00135 0.984
Thoh Acute toxicity B£=0.79558
Dichlorvos AChE #11ifi] a=1.85426
0.00179 0.977 0.00182 0.978
AChE inhibition B=0.56709
X B Atk a=1.59979
0.00456 0.940 0.00481 0.937
Parathion Acute toxicity B=1.39508
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WX EU (g L)
Logarithm of the concentration/(ug-L?)

WX (ng L)
Logarithm of the concentration/(ug-L™")

WX E (ng L)
Logarithm of the concentration/(ug-L")

1 Sims BE R AR HREERT 7k & A W B 2 FNERHD FI B B iR RS SSD i 2k
T W SRR AR, @ ORI R IR RER , O SRR WA A M 6 28017 £ dis

Fig. 1 SSD curves for acute toxicity and AChE inhibition effect data of aquatic organisms of malathion, parathion and dichlorvos

Note: Il acute toxicity data, @ in vivo AChE inhibition data, O in vitro AChE inhibition data.
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R 5 K56 22 B0 /I8 1 X6k - 10 2500 A R BB B0
8, 28 Erk, AR Scd SSD £ il 4804 R FH X %k-
T R
2.3 AVEEMEEIE S AChE 300N B f %
b Heds M BB A AChE M 200 B d =2
Vi) Py AR B 2 57, ) X -3 R 30 3 pR B S
PUBAEAR 24 BB FE %o B Ml R 1 7 0l 1) e 2 A
AChE #1800 B4 647 3 A5 U6, AR 48 BT 4R 15 1
SRS SSD Lk, &l A B WL 3 s AR ) Ak A A
Prxs A ML A 25 9 SRR A AR L (LT 1), Forp
LRI RO B B Y ACKE 0751 250 07 3508 oK /2 (n<
10 AE B B on v & WA HEE SSD 4k, hE
1 AT A Y FE AR AR AR ] 0 17 0, o B 8 i b r
TR KA A W 2 e FE PR SSD il 26 A8 SR AR X 458
AN TTELECHL Y SSD i 4R RHR B, 26 B K &6 4
KA A R R 1) SR AR X B2, TR [ A K
A A= WX T T R R R Bl 1 R ) 22 A
Ko X T2MEFETEH AChE MHIR0UN % 2 2E80R 1
TR SR U, R RI A ML AR 25 R Hh 22 Sk i
P A 5 R R T O < A PN A A 0 > il A
AR > 2P EEE RN 5 76 IV BE DX [R], XA
XS ACE f 4% Py 410 1l 3550 7 25080 5 ik 2 1k 3 42
T, SR S BRI ; A v B DX ) B R R
WEXT AChE o4 il 250 g 4 55 2t 2 M gk B2 0
MiEH 3 P PR 25 1 S [R] 2 4 4R 2 AChE
(AR YRI5 He ACKE FR A S i 388 vy B SR 4,

AT 3 M MLBEAR 25 9 2 VBRI FI AChE
TR, H i A T AT H, 20 S % RE AR 95% 1)
IKAE A WS YL vk B (HC ) HEA T, HC, & A
PRI KA A R K B S 1 B AR . iR
P BRI B 4 ACKE 410 il 55 17 £, R Sk
EABOE LA E & AT L T A T HC, . Bk
T2 VEREEFT AChE IRSMIHI SN B HC 5351 K
2.07 pg-L'F11.53 wg L', B HHZE 14 4%,

3 142 ( Discussion)

SR, 3 A HLBEA 25 % AChE 1444 4 11l
TSN, AR S M 800 B R i, 33X AT g2 AR
AN B DT IR TR 5 R B WL 2R iR AR
WHE RS2, (4500 %2 4 25 % AChE 1) 25 M 50405
5 SBR[ e B A 25 % AChE (e84 —
EMmZE, B, xHERET AChE B9FEIE R T X ik
1 FR T X BB A6 A8 W AR P T DL Ak Sk o AR (45
A I TS 21 (Y 1C 5 228 38 /N TR SN 1 i 75 21
1C,, "™, A4, JLF- 0 L5 2 X B i % /K A= A 0 1
ACE 300 B A7 AE T /I 1C B, B AChE #1113
BN ) SURR B I 2 4 T

ARSCHERE T X K B A B S ME
() HC 0 BB AT 52 2 43 AT, %o B 1 6 i ol
Xif 7K A= A A P R ACKE 1) 208 b 500 AS 2 Gk 3
BHC, . W s R BRI, SOR B X K A A4
YIRS AChE B4 il 2550 Ry 5t 177 1 5ok ELAse i
RPE , BEAL M ST ACKE (RSN 550
B HC 43518 2.07 pg+ L' A1 1.53 g L7, & H 22
L4 £, e, BRI FIRE S R , R
K AWeE A0 s JE 2R S YRl
YA 0 B AR AT R A5 ¥ 5 (LOEC) Y SSD i 4k,
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HEEE HCAH K 1.3 ng-L", S/K4E A Wiy 5
ZEHe B (CCC)H 0.9 ng - L AHIT, 5 5L i R e
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