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Abstract: As a typical persistent organic pollutants, endosulfan, the organochlorine pesticide, has been wide-
ly used in agricultural production in China. Endosulfan could go into the water envronment through the sur-
face runoff, leaching and wet/dry deposition, which will have a direct impact on aquatic macroohytes and
planktonic algae, and produce a certain amount of toxic effects on fish and other aquatic animals as well. Be-
cause of its longer half-life period, better migration abilities and higher enrichment, endosulfan could be de-
tectable widely in the water body, herein the safety evaluation of endosulfan in the aquatic ecosystem is very
important. Endosulfan is so highly-toxic to aquatic organisms that it could have influences on normally bio-

logical receptor-ligand function, membrane damage, active oxygen metabolism and have a potential role of en-
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docrine disruption. The environmental behavior effects and several toxic mechanisms of endosulfan on aquatic

organisms will be reviewed, and the future prospects in this filed will be also discussed.

Keywords: endosulfan; POPs; aquatic organisms; environmental behaviors; toxicology effects

fii £+ (endosulfan) 7+ 3 : C,H  CL, O, S, X FR %
FRalce 25 FE, alivh A, B s T T R A
AL o HAETRE A BT b AT E , n] 218 K ik
i PF B AR A R UL o B A B-B S 2 A
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K AAR ) e B KO- i B K AR A RN IS A R TR
WCBRE PHAE K AR T i o A S X K A A 0 1 o B AR N
—ERANCE MY, SR H AT R R E,
K TS HE R BE op 1Y 20 A1 5 0 AIE 5T 8 22, T A P X
KA AR I A B A A P o A st AR BE T B AR
BLHI 55 7 TSR 370 o AR SCERIR T 3 4F SR B P19 36
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FhIRHEARAE Y L BB HAE TR K o bR B b A2 3
IVERR B2 2= - HERUK R d s R h AR 7= T
I S G ) HE R P A K AR R+ R

it 2 Tl S K A 25 AT SR KA R B B IR R (en-
dosulfan sulphate)F5i F} —F(endosulfan diol)®,

B PR LA 5 (4 PR B8 A B e L HE HE B PHE
T —FP AT MR AR 2] )2 AR T RAAEE o, I vl bl
KAATAER B 2 BRASA b IX, 57 L DX AR b b X
WA b ¥ & B P BB P B R #h AF 7 . Pozo
A5 TR 0 30 5 R AL R SRR FHR B A 4 ~ 101 pg -
m”, I & BB P 32 AR 7 0 b XK SRR
FH B v T R X i RV S e 1L X R
AT B P AE TR, H o-B PR B T BB ST
FEW 3 B A [V RE & PR P, ol a3 i 37
AT 3 A RS SR A HLEEAT 0T, -
B A B~ P 6 e 91 i 4390 R 0 ~ 1190 pg - d ™ Al
0~422 pg-d™™, [FHF & B, 5 5 R A i BLE
i AE AR X, 2% B AR A FH 2 30 B 2 S0P i P Y
PR

JK R85 v [ RE AT B A7 A R R b
DB, 26 1 8 T A 1 5 4 R KA v g
& i,

2 [F m R 3 024 ~3 030 m)IA LAY h L kG
IR B PR R AR A AR WIS R B I B R b b P R
£ Devon & DV09 #i V-2 L) F#RTLARY P A o-
WRPHEAE , e WK 0.04 ng- ¢ (T ), Hiii &N
62 ng-(m’y)", A 1990 4F & , 1 L8 ] ¥ Ui LY % S
B B WG I
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Table 1

The concentration of endosulfan in the water environment

B}k e

Concentration of endosulfan

a-fi F+

a-endosulfan

B S+

B-endosulfan

LTRRR A EN

endosulfan sulfate

BB

Total of endosulfan

Jin g L A R A ©)

-1
Canada Arctic Islands™ 042 ne-L
A vk v g K 1 :
The Arctic Ocean) 23 peck
Jn% K Hazen i B
Hazen Lake of Canada!" t4pert
Jn& K Char i N
Char Lake of Canadal"" 28 pect

LHEP NS
032 pg-L"

Taihu Lake of China!*

15 pg-L" 69 pg-L" 107 pg- L
0.7 pg-L" 189 pg L 209 pg L’
15 pg L’ 316 pg-L” 359 pg- L’
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WFR R, K AR A A A A 38 3 A 00 o
Hodr, 30 FE A6 w14 WG (Crassos trea rivularis )1
W& RN K213 ng-g (B H), R :1.23 ng-
g (W H), ) 76:0.76 ng- g (B E)", Kelly 25" %
AL M 2T 5 8 (Salvelinus alpinus ) ¥ 345 54 (Phoca
hispida) 1 &5 (Delphinapterus leucas YK N o-Bi 7+
Al B-BE S & 4358012 £0.09) ng- g (R ). (046
+055) ng+g (B &E);20+32)ng-g (&) (1.7 +
21) ng-g  (BF)F@A0+59) ng g (B H).(6.5 £2.8)
ng-g (&), 1M Stern ™% BN & K A0 BF 5 ft
PE A B B PR R R & BN 3.7 ng - g (IR ) F
94 ng-g" (IBE)ANZE, & RIEWEES Lancaster i
U2 Fll Jones VA 02 Mk 9 iR 9 (28 ~ 94 ng g )R B
O R SR R £, ] Baffin £ Cumberland
W FN Frobisher 45 /) 1 fig 14 4 4 1 4 R 46 19 % 1 R
8.1~23 ng-g" o HEARIE, BB T 60% Hy T8 ik
fo ] R AR, B 5 ~22 ng g ()
KSR B PE B H R i 7 ) 3 A8 sh ) iy
JIE B2 R R 07 B LER HR A T UL BR T S AR
AR B N8 7 B M R A 2 A P 32 A A X, X AT g
S R P I B —K o e R A (logK ) s s HE F
A& B IR T H A i AT Re R K, O T BE & IS
JE 15 % 3 1 N\ O A M i A 3 25 T — 1R

T PHE K AR 22 W AR 09 v 3 K T g B I ke
AR T P R T g O SE TR DL A L AR S
RGBT FE . AR, KT B-5i JHE
o-fi P % B T R, X B AR W] -8R P AR B K
YL CE Y. o BT BB ST AY logK 4
WK 4.94 F1 4.78, P UL AW X o B FF Y WA
FHAE B-Bi o, a-Bit P14 W) 6 4R BB J7 B 5 T BB
FHE — B M A HLE A logkK,, > 5 B, %k

YRGS L. RIS Y HIE Y E Y
B, 02 B PR AR BB W O TR U
Y, A E R B(BCRH)S H R TS Y
TEK A 26 W) 1A I 1 R ROR . WIFSE SR BT, o R A
fhi(Hyphessobrycon bifasciatus )X} i £+ BCF & ik
11 000, 3% 7K &¢ ¥ (Pseudokirchneriella subcapita-
tum) IR K KEF (Daphnia magna) X} B F} BCF 43
Sk 2 682 il 3 6781 B % (Labeo rohita)¥} i J+
BCF H A A F] 502, B M A [a) A= 9 % i 7 & 48 g
FTIAFAERER 225 o

2 MARKEEMSERE

AN TR 25 B B3 FH A6 3R 958 v 1) e ik sl RO ) L 2R
Yy PE WA o B-BRFHEL -t 1) B 12, B )
W T ~75 d, 00 BT R 33 ~376 d, AT
FEFRW, B P B R 2 PR B b B P Y 32 R
P K o B S B S 5 W S O Y B R
O A A EE A )RR R B, O ELIRPH R A
HRZ B HORSy W AR pH SRR I RS
T B2 AR K 3 8/ 5 R o pH RS O R
(10 o e o S 5N T R R A P A R R AR /N A
FHE R £ X 4 1 (Carassius auratus ) FIHE D 1 (Leu-
ciscus idus melanotus A8 h 25U EFL K & 48 h LCy,)
PEIT 100 pg L', 1 a-BR S < 10 pg L', H 4,
B PH5 Al 95 G W B0 TG 5 T R AR B SR . R
/8,394 pg LTEEAM S 45 wg- L'\ 79 wgL' .1 pg
LB S L RE R, K PR I 4 iR (Pseudacris
regilla) B HE K i # 5 T A fF s — e ™
2.1 WA 2R EEE N

JUF A 7K Az 2 W 0 i PHAR A 8 U, K AR T
A HE Bl W) 2 K A Sl ) b B A ) S P 26, 3K 2 8
TR X — SR A TS A Sl ) 1 B P A

x2 mMANBEZEZHYSNH
Table 2 Toxicity of endosulfan on shellfish

LCy/ECy 24 h LCy, 48 h LCy, 96 h LC, 24 h EC,
K 3% (Daphnia magna)®*>! 950 pg L’ 336 pg L’
[ B WF (M acrobrachium malcolmsonii)®" 0.16 pg- L'
BE 1 4 IR (Penaeus monodon)P? 0.61 |.Lg'L'1
ML 4 UF (Penaeus duorarum)®?! 0.004 wg-L"
55 )1 /N K A (Palaemonetes pugio)B! 062 gL'
WK EUF (Gammarus lacus tris)*) 58 pg L’
A1 W (Pteronarcys sp.)"! 33 pg L’
rh 48 48 ¥ % (Eriocheir sinensis)P®) 166 mg-L" 09 mg-L"
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58 3 BH B P 0T o 2t A s L B PR XTI
SR £ 5 7 8 (Pseudokirchneriella subcapitatum)96
h ECy, 4 428 pg-L' ™. phdb, A #F 5% /R, ARl i
B S W] BE S e B PR X F S s i Bk . M AR
5 IR BE TP AT IS U AT A B, 7 PE X 48 MR (Penaeus aztec-
us)96 h LCoyy N EIK JEAFFERT Y 02 pg L' 42 %] 6.9
pg - L BEAY XHER (Penaeus monodon)96 h LCy, A
TR VRAEAERT ) 1.6 pg - L' FEME#] 0.5 ng-L"';96 h
F A AT W 2 580 W e B (LOEC) M TE JiE VB 7 75 B 1Y)
1038 wg L FEMEF] 0.141 pg-L";96 h A% JC o] W
LYV MR FE (NOEC) M TG i e A7 7E i 9 0.536 pg - L'
BEAKE] < 0.141 wg-L'™, 0.1 pg LB SF 25 96
h, £ I MR 4 K (Homarus americanus )X 181 78 Bl
X 20 f S5 PRI 25%

P xF S [F A B B R Bk . O R Bt
X KR 2509 96 h LCy, R 009 ~44 pg L™ Hik
JK A8 AR X T K 28 B B R T 32, WL 3

WIREEMESH,LC, < 1000 wg L' HEIEHEY
JoT o 2 R o A0 2 N PR R B, 96 h LG, B AR
10 pg LA, o] DA Pt 28 B pE A 5k . & )
AR 2 LC,, A i 22 5, Al g I LA 2 . — 2 321k
ST B P ) 52 R AN [R), R A B a0 Y 3R B
AT . T340 T8 KB, i A5 0 2 A IR A 280
B P+ B T 37 fiE ) B — 26 3K ] BE 2 R Ok R AR A 2
AR & B BN R A R RGO 58 RN
BUAR B PEE FHTE /I
22 TRIEH 32 A —BC A A AH BAE

TRV Z HE R E Y Ko, S F Y
RVFCIAARZS & 5 e 2 R—AR S B9, 687 A — &

W EEISRU o VE 2 RE IR S L 22 R I R 1
VERSHA I E # 2k — B R A B AE A RE A %

HATA W5 2R, i FF el 5 y-2 58 T R (GABA)
P, NI GABA Z A RES . GABA &K
P2 F G0 Pk 22 3 5T, B PHVE O GABA dE a4
PERIFETCY , AT H GABA 2R R 4L, BREFE K
FEARCHE 5 350t 2 o A M R AR AL 1 3 i 4 B R e ™

JEUR BE #i £8 J2 LA 2 Tk B AR (A Ch) Ay i 28 5 36 40
[, #E ACh 52 WAL B AT 55 I , 5 AR SEA7TE , DK S BB
L 2 k5 B 51 RS A 2 T RE A SR L, IR e A 2 % B
W 22 43 fi 10 Bk, X A 0T Z Bt AR 6 R B (A ChE) X}
ACh ML 1E T, AChE FIfE ACh 43 fif ok £ 1% A1 IR
B, 8 ACh B XM 48 (3t Z 0. A HLEE A 24
EL 5 IE S 0] 0 3h 4y R0 B i (ChE) I M, il L2k 2%
4yff ACh fE 1, 330 ACh U BHIr &% &, 5
A aE R AL . R B R,33 ~5 pe L' BT
Z 5% 96 h, n] I 2 40 B 5 5 5 L ve 2 HE £ (Oreo-
chromis mossambicus)fi AChE 1% £, R FE & 3,
0072 ~ 1.4 wg- LB FH2 58, of & 2 10 4% DU AR 7
(Jenynsia multidentata) LA AChE &M, 3 & I bt &
B P 22 8 SO o U T v s [R) AE K, HL Y B g g B
R R FKEE S Z B B E RS, 24 pg- LT
SEG% 96 h, BE L AChE I 7k b 3 KA , 5 0) BR 20
TR 40% , H T S EE 7 IR AR R AR
23 RIS A

YR T EEEYIIRE, B R
HEAT ) 05 384, L4k 5 440 M P9 58 AT — A G e 1Y
HALRRE RN B B e . Na” (K™ -ATP
fitf f1Ca®" \Mg®" - ATP i 3 FR 4K #i ATP i 25 &

®3 mMANBAELEH LC,,
Table 3 LC,, of endosulfan on fish

LC,, 24 h LCy, 48 h LCy, 72 h LCy, 96 h LC,,
R4 (Channa punctatu)? 197 wg- L 130 wg L' 102 pg-L" 78 pg-L"
T 8 (Oncorhynchus mykiss )™ 198 pg-L" 424 pg-L! 89 pg-L” 249 pg-L’
BE D th (Danio rerio )™ 53 wg-L" 177 wg-L" 18 ug-L! 162 pg-L"
He ik (Monopterus albus)™*! 042 -L!

4 ng
SBR[ % (Pimep hales promelas )™ 14 ug-L!
8 (Lateolabrax japonicus )P 24 ng-L!

g
B G B B8 (Perccottus glenii)™ 18.58 wg-L" 1246 pg-L" 1138 pg-L" 759 pg L’
Y4t (Ctenopharyngodon idellus)*") 3.82 Mg'L'] 2.52 p.g'L" 1.86 p.g'L'l 142 ;.Lg'L']
WL t8 (Gambusia affinis )™ 6.033 wg-L" 3647 wg L’ 2617 wg-L" 2273 ng-L"

1 ng ng ng ng
4T 0 (Poecilia latipinna)™! 8429 pg L’ 5035 pg L’ 4257 pg L’ 3506 pg L
A% IR BE U5 8 (Heterandria formosa)™! 4156 pg-L" 2566 wg- L’ 2.183 wg L’ 2058 wg-L"
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P, T 2 T B R0 8 B 2 R A R A3 5
Ji A B 2y R A RIS I TR AR 40 B 2 R R E
PR A B Ay Aty 15— RIS 35 0 o 1) A B 4t 3h 0 O
T2 AR

W55 2 W1, BT T 5 i £6. 38 ATP i35 1, AN i
AN W AR IRE. 22 pe LT BRSHRERR 15 d,
] ¥ 1% T8 4 6% (Channa gachua)Na™ (K™ -ATP i fl
Mg’ -ATP BEfG 4337 pg- L' B PHE#E 30 d 5, H
JEFE LB UE B UL P ATP il 35 1k 5 3 2 30 0
BT 0010 ~0.264 pg- L' HF T, B KB IFF IR
(Macrobrachium rosenbergii)Na' K" -ATPase I P
WETEY, R (Channa punctatus)fiit Na* K~ -
ATP 1% PE7E 1.2 pg- LB FHR R 90 d 5 B B %
R KVG P (Salmo salar)iiFF (@4 ~ 710 ng-kg™)
LY 14 d, 68 Na ™ K -ATP [ 1% P 0 A%,
35 d JE IR BN IE# K5 5 Na™ (K™ -ATP [ i 1
14 d F135 d ¥k B EMH ), Velasco %538
0.16 wg L' 1048 wg L' W F 55 14 d, 0l 5] & BE
fs Na' K -ATP BG4I &, - 7F 28 d /IR &
B 1E K-, [ B A B0 8 22 ] 2038 7
24 TEMEAUE LS A AL O L

TP (ROS) 2 46 AE AL W R N 5 A DG
TEA W R 5 Y K A SR A B R
O, ."OH.H,0, .ROOH 4§, AWk A & 4 T 3
A=A ROS, 4043 fff 480 LA B 418 Rl o 1 H 7 1% 88 % 5k
R I 200 0 W A Y LA R A VR 40 5k 1 4 e o A 75
Yoyt o] i 52 M A0 9 AMIE 1 ROS B I

R ROS HAT — & W T RE , 4N fo s Fl s 5 5%
SRR HB T EA RS R T, A RIEAA B R
FEHE R, it £ 5 ROS & BEIRE R, S5
IEH A0 AT ZH SUR BIR o TE I BT 40 N 4 R
fL W2 SOD,CAT ., GSH-Px % 0] LLi& B ROS, 1fij 24
ROS (177 £ 55 5 B - 5 4% B0 L , 200 M T 75 B il 3 B
W, k& S EMLA A A BG . ROS i & A4 i AT+
o2 P (5 5 5 58 I, DA T R o 40 B gE T,
MAPKs {553 % . ERK1/2 18 # . Nrf2-Keap1 18 % |
INK/SPAK i 55 . WF 58 R W, B JH 45 ML 4k 24 3
i A K R ROS, AT I 380% ERK1/2 3 B, s
() ERK 38 1 8 2 AL HT 98 1 4 1, [5) B 300 5% 5% I
T, LA 38 2 A A T AR G R PR 7 A R T AR A

B A WF 55 2% 0, B T i S B D 0 Y RN
(Ctenopharyngodon idellus ) #iF Wt T #1 (APND;
ERND)F1 I A (GST )fiff 25 il 1% 1 7+ &5 , 3 1M 5% el 1F

AFRALRE . B S % B8 AT 5 K B B (My riophy llum
quitense) . K & (Daphnia magna)®™ | W1 i (On-
corhynchus mykiss)*" V1IR3 6 (Jeny nsia multiden-
tata)™ | BE Dy 4N EA TN B AR i (Oreo-
chromis niloticus)™ | H 4 K WS b (Bufo bufo)™ | I
555 W& (Bidens laevis )™, 3E HE B W3 AF (Venerupis
philippinarum)”™ % K 4 A P HLIA = A4 3d & ROS, FF
FeA AR 3, 2R B HLR 41 41 SOD |, CAT ., GSH-
Px.GST 4§ Ht A 1k Bl 1 1k (19 4F 1E % 224k, LPO Tt i,
SV ECANAE NDA 454 U8 T 2H S A AR
T,
25 W TIEN

WF5E 2 WIBLFH X 4 43 Wb 2 S8 A7 78 V5 TE 1 52 0
X NZIAE Wy B B R BT s e, HERR % T 4R AR
PR IR A BB i (a5 R, AT
BRI AR E RS R E KT . RS
PRI B, B P T DL TS M B R R o (BRa) Y
AF2 T, i 22 i 32 1A (PR) /K P T 555 1 e 354 2% o) 7
2N X ERa Y Hela 41 i 5 F
FER B, S ME R SE 45 S ERa, I AT SUBHETE
ERa, 5% ERE fK#i 3 R38 " BFE R, 6 71 2
& 1] TR T 4% (Clarias batrachus )80 .72 2 5 Es-
co2 R, FIHBE LR EZIK2 EAxRE™,
25 pg L6533 pg- L' A 3L M52 m T, 4 1k
B SE AL & B AH 5 S I 7 (dmrtl  sox9a , wtl),
5 [ i AE B (11-hsd2 , 17-hsd 12, P450c17) ., 2 [ fiz
WO BT T S IO 32 AR (n2el L Ad4BP/
SF-1)3k K 33k i i 25 AR o B PH S — i 255t 3%
2, TR 3R R AR R P R R
T o0 #2828 OB R A T B R R T O R
Iy £t IR Jify K & 1A B9 8 2R 1 JL(VTG)FR k™ X K
WA (Salmo s alar) 40 Ji Y 37 W1 47 (ZP) A VTG 2 A
TR EAERLEM . EFBRT, BA %K
A HE M Bl OB 1 R A I BROTE ME T ) 45 o T A e
PR ZP R VTG, HEARAN&A VIG5, Mt R AE
o3 1R AL, M PR R AR 2 8 2D B, B AR A T
Ak

FFOIR i 2 3 o 2 N 43 W e, 0 B Y Y
ARBBR T3 . T4 HA B 20 A4 B 6« 4 2F 20 45
b EK SRR, EM T 4008 32 0K, il % DNA %%
st AL e E mRNA P R, 0 & BT A R AR
J, R Bk KA S W )T, A2 2 AR 5 R B iR W &
& MIEHLRIR R XS g E K B BRI,
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AEE R T RXCR 2 3% B AN AT Dy S 7 T AR A
M, R A B A 2T T R R R 2 Rk A
B WO S A S 2 R N R R IR IE R T
B o WFST N B P AT 5 e £0 28 A HEOIR R o 3R KR .
0.1 pg-L'BiFH2# 35 d, )& B B Ak i (Oreochromis
niloticus )IfiL 3% T4 7K V- i 2 FE A, T3 7K 722 4k A W]
B [FERERE TR B G TS R R Y 2
Ak fa (Sarotherodon mossambicus ) Ifil & T3 . T4 7K
S R 1 D T VINI 0 1 e w7y Y I W 0
it 1T TIT 75 36 A it 905 1 oA 2 i FEOIR R B KR
M A T3 Bk B2 5 B I R A ) 0 1
PIAHOEE A B P 7T 5] f S L 3R R R
Fist | JBE I 3 KO AR Ak, DT [R) 42 5 ) £0 2592 33
TN R R KRR K AR A AR A T e

3 RES5RE

ARSCRES T AL A KRBT B BB 0 A, I R T
FOX KA A= W ) B P S B BEHL] o o TR TS PR
M AE BRI 52 2%, © A B 5% 45 SR AN R fE 7 —
SE HY Jay BRAE , PRI AT a0 2 5 — 28 5 B P 7K A A
Wy A e i SR R A 22 T BRI 5 B W 3 A7 26 1 R R
FEXS K AR A Wy 0 A B A A S R S S RS . DS A
PE— B RAWFFERS T de Bhaa T, ] e IR 4 i<
WBEE T LR UR N AR B AR AR B K 1B X T
PE— 25 4 7 BT A W) M G 20 0 AR A AL A
HCE LA B IR R A H B R

WIIEER N TH0966—), B, FHFH L, #HE NFE
KEFHAEARRAFAERBEEESFRA, AR FREB IS0

BT
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