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硫丹对罗非鱼 ( Oreochromisaureus×O.niloticus)和
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摘要:为控制虫害农业上大量使用硫丹, 因此硫丹可通过多种途径进入水环境中。养殖环境和水产品中已发现硫丹残留, 这

给养殖环境和食品安全造成潜在威胁。通过半静态试验方法测定了罗非鱼和草鱼的半致死浓度, 并估算了其在水环境中的安

全浓度。结果表明, 罗非鱼和草鱼的半致死浓度分别为 1.97 ( 1.26-2.87) μg·L-1和 2.33 ( 1.66-3.32) μg·L-1, 安全浓度

分别为 0.20和 0.23μg·L-1。为进一步验证这 2种鱼对硫丹的抗性, 将罗非鱼和草鱼在最低剂量组 ( 0.7 μg·L-1 )中暴露 60

d,发现这 2种鱼个体状态良好。因此, 初步证明这两种鱼在水中的安全浓度比目前国家规定的标准值要高。但是关于硫丹对

这 2种鱼的内分泌干扰 、生殖和生长等方面的影响还需作进一步的研究。
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Abstract:Endosulfanhasbeendiscoveredinaquacultureenvironmentandaquaticproducts, whichwasmassively

usedinagriculture.Itwasapotentialhazardtoenvironmentqualityandfoodsafety.Theacutetoxicityofendosulfan

totilapia( OreochromisaureusO.niloticus) andgrasscarp( Ctenopharyngodonidellus) weremeasuredusinga

semi-staticbioassay.The96 hLC50 valueswere1.97 ( 1.26-2.87) μg·L
-1

and2.33 ( 1.66 -3.32) μg·L
-1

forOreochromisaureus×O.niloticusandCtenopharyngodonidellus, respectively.Correspondingly, thesafecon-

centrationsofendosulfanforthetwofishwere0.20 and0.23μg·L
-1
.Furthermore, thefishexposedto0.7 μg·L

-1

dosefor60 dayswerealwaysingoodphysicalcondition.Therefore, thelevelofendosulfaninwaterwhichthetwo

fishcanbetolerant, washigherthanthelevelreportedinwaterenvironmentinChina.
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　　Endosulfanisamemberofthecyclodienesub-

groupoforganochlorines, whichiswidelyusedasan
insecticideandacaricide.However, ithasanumberof

sideeffectsinnon-targetorganisms, includingmortal-

ityandendocrinedisruption.In2008, therewasafor-
malproposaltolistendosulfanasapersistentorganic

pollutantundertheStockholmConvention
[ 1]

.Despite

thesideeffectsandthepotentiallisting, endosulfanis
stillregisteredtobeusedinmostregions, includingthe

UnitedStates, SouthAmerica, Africa, mostofAsia

( excludingThailand) , andAustralia( http://www.
foodsmart.govt.nz/whats-in-our-food/chemicals-nutri-

ents-additives-toxins/agricultural-production/endosul-

fan/).Althoughendosulfanisforbiddentobeusedin
aquaculture, itsometimesenterswaterbodiesasare-

sultofrunofffromagriculturalapplication
[ 2-4]

.There-

fore, thesurvival, growth, andreproductionofaquatic
organisms, includingfish, maybethreatened.

　　EndosulfanhasbeenregisteredforuseinChina
since1990s.Sincethen, theannualproductionhasav-

eraged～ 2 400 t
[ 5]

.Endosulfandistributesthroughout

inChinaanditstotalusagebetween1994 and2004 is
estimatedtobe25 700 t

[ 6]
.Aquaticenvironmentand

aquaticproductsareunderpotentialhazard.In2006,

endosulfanwasdetectedineelsexportedtoJapan,
whichwasadangeroussignalforenvironmentandfood

safety.Foraquaticproductsafety, metabolicprocessof

pesticideinfishfromearlycultivatedstagetomarket-
ablestageisveryimportant.Ourobjectivewastoeval-

uatetheacutetoxicityofendosulfantoOreochromisau-

reusO.niloticusandCtenopharyngodonidellusinearly
cultivatedstagewhichcanprovidebaseforthefurther

research.

1　MaterialsandMethods

1.1　Chemicals

　　Wepurchasedtechnical-gradeendosulfan( 35%

EC) fromtheHangzhouDragonChemicalCo.( Hang-

zhou, China).Thecompoundwasamixtureoftwo

stereoisomers, α-andβ-endosulfan( 2:1).Stockso-

lutionof35 g·L
-1

waspreparedbydissolvingthecom-

poundinacetone.

1.2　Animals

　　HealthyOreochromisaureusO.niloticus( about

onemonthsold, meanweight:64.3 ±6.9 g) and

Ctenopharyngodonidellus ( aboutonemonthsold,

meanweight:128.4 ±12.1 g) werepurchasedfroma

localfishbreedingfarminPanyuDistrict, Guangzhou.

Thefishesweretransportedtothelaboratorywithin1

h, andplacedintankscontainingaerated, dechlorinat-

edtapwaterwhichdissolvedoxygenwas( 6.8 ±0.5)

mg·L
-1
;pH ( 7.2 ±0.3) at( 22 ±1) ℃.Waterwas

changedinevery24 htopreventbuildupofwasteprod-

ucts.Beforeuse, thewaterwasaeratedusinganair

compressorforatleast48 htoremovethechlorine.To

preventdermalinfection, thefishesweretreatedwith

0.05% potassiumpermanganatesolution.Thefishes

wereacclimatedtotheexperimentaltanksfor7 d.Dur-

ingacclimation, thefisheswerefedoncedailywithdry

pelletfood.Wewereunabletodetectmeasurablelevels

ofendosulfaninthefeed.Everyeffortwasmadetopro-

videoptimalconditionsforthefishesduringtheaccli-

mationperiod.

1.3　Exposure

　　Followingacclimation, werandomlyselected84

fishesofeachspeciesanddividedtheminto7 treatment

groups( N=12 individuals/treatment) .Eachgroup

wasstockedintoasingletank.Sixofthegroupswere

exposedtoendosulfanataconcentrationof0.7, 1.4,

2.8, 5.6, 11.2 and22.4 μg·L
-1

for96 h.Therange

ofconcentrationswasbasedontheresultsofaprelimi-

narytest.Theremaininggroupservedascontrol.Prior

toexposure, theanimalshadnotbefedfor24 h.Dur-

ingtheexposureperiod, thewaterwaschangedonal-

ternateday.Duringtheexposureperiod, werecorded

thebehavior, breath, colorofeyesandskinsofthefish

periodicallyandthenumberofmortalitiesineachtank.

Fisheswithnorespiratorymovementsandnoresponse

totactilestimuliwereconsidereddeadandremovedim-

mediately.Aftertheexposureexperiment, the0.7 μg·

L
-1

dosegroupandthecontrolgroupremainedfor60

daystoobservebehaviorchange
[ 25-26]

.

1.4　Endosulfandetermination

　　Thedrypelletfoodsampleswerehomogenized,

ultrasonicextractedinethylacetatefortwentyminutes

andcentrifugedat4 000 rpmfor10 min.Thesuperna-

tantwerepurifiedthroughaglasschromatographycol-

umn( filledorderlywithflorsilandanhydroussodium

sulfatefrombottomtotop) , concentratedanddeter-

minedinHP6890NGasChromatographywhichhasa
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electroncapturedetectorequippedwithautosampler

andHP19091 -413 max325℃ HPcapillary( 30 m

×0.25 mm ×0.25 μm) .Operatingconditionswere

asfollows:theinjectortemperaturewassetat280℃

andthedetectortemperaturewas300℃.Theovenwas

programmedtoincreasefrom150℃ ( holdfor1 min)

to220℃ ( holdof7 min) atarateof10℃·min
-1

and

to280℃ ( holdfor1 min) atarateof30℃/min.Ni-

trogenwasusedascarriergasataflowrateof60 mL·

min
-1
.Undertheconditions, retentiontimesforαand

β endosulfanwere8.76 minand9.25 min, respective-

ly.

1.5　Dataanalysis

　　Weusedthepercentagemortalitydatafromeach

treatmentgrouptocalculatethe96 hLC50 value.The

95% fiduciallimitswereobtainedusinganunweighted

regressionmethodofprobitanalysis.Analyticalsoft

wasSPSS12.0 ( SPSS, Chicago, IL, USA) .

2　Results

　　Thedose-mortalityrelationshipforthefishexposed

toendosulfanisillustratedinFig.1.96 hLC50 values

andthe95% fiduciallimits( inparentheses) were1.

97 ( 1.26 -2.87) μg·L
-1

and2.33 ( 1.66 -3.32 )

μg·L
-1

forOreochromisaureus×O.niloticusand

Ctenopharyngodonidellus, respectively.

　　Behaviorofthefishindifferentdoseswasrecord.

Oreochromisaureus×O.niloticusandCtenopharyng-

odonidellussharedasimilarsymptom.Responsesof

thetwotoendosulfanwerefiercewiththeincreaseof

concentration.Fishesexposedtothehighestdosewere

visiblyaffectedwithinthefirst3 hofexposureperiod.

Duringthefirst3 hinthehighestdose, thesymptoms

appearedinthefishesincludingexcitation, swimming

rapidly, however, nearthewatersurface, anincrease

symptomsoccurredsuchas, respiration, convulsions,

anddeath.Nobehaviorabnormityappearedinthefish

ofthelowestdosegroupduringthe60 days.

3　Discussion

3.1　Acutetoxicitytest

　　 Themedianlethalconcentrationsfortilapiaand

grasscarpareconsistentwiththevaluespublishedfor

otherspecies( Table1) .ThepublishedLC50 values

rangedfrom0.09 to10.7 μg·L
-1

endosulfan.Inthe

speciestestedtodate, Mugilcephalus, Chanoscha-

nos, andMenidiamenidiaarethemostsensitiveand

Channagachuaistheleastsensitive.LC50 formost

speciesrangefrom1.0 to2.7 μg·L
-1

endosulfan, sug-

gestingthatendosulfanishighlytoxictofish, evenitat

verylowconcentrations.Thoughthemechanismoftox-

icityisunclear, itclearlyshowstheeffectofendosulfan

onneurotransmitters.Exposuretoendosulfanaltersthe

brainlevelsofacetylcholine
[ 16]

andserotonin
[ 17]

.Both

theseneurotransmittersareinvolvedinthecontrolof

spontaneousmotoractivity.Additionally, endosulfan

canactasanoncompetitiveGABAantagonistatthe

chloridechannelwithintheGABAreceptorinbrain

synaptosomes.ItcouldblockthereceptorsfortheGA-

BAneurotransmitterinnervecells
[ 18]

.BindingofGA-

BAtoitsreceptorsinducedtheuptakeofchlorideions

byneurons.Blockageofthisuptakebyendosulfanre-

sultedinastateofuncontrolledexcitation
[ 19]

.That

maybethereasonwhythefishesappearedsofiercein

highdoseendosulfan.

Fig.1　Fig.1 DoseandmortalityregressionforOreochromisaureusO.niloticus( A)

andCtenopharyngodonidellus(B) exposedtoendosulfaninwaterfor96 h



324　　 生 态 毒 理 学 报 第 6卷

3.2　Tolerancetoendosulfan

　　 Thefishinthe0.7 μg·L
-1

groupwerenormalin

behaviorinthelater60 days, indicatingthatfishare

toleranttothedose.Theconceptofsafeconcentrations

wasproposedbySprague
[ 20]

, whichcalculatedbyfor-

mulaLC50 96h×0.1.ThesafeconcentrationforOreo-

chromisaureus×O.niloticusandCtenopharyngodon

idellusare0.20 and0.23 μgendosulfan·L
-1
, respec-

tively.InU.S.A., EnvironmentalProtectionAgency

( EPA) recommendsthatlevelsdonotexceed0.22 μg

·L
-1
·d

-1
( criterionmaximumconcentration)

[ 21]
.The

reportedconcentrationsintheGuantingReservoir( 0.

00215 μg·L
-1
, Beijing)

[ 22]
, TonghuiRiver( 0.0808

μg·L
-1
, Beijing)

[ 23]
, andMinjiangEstuary( 0.108

μg·L
-1
, Fujian)

[ 24]
arelowerthanthelevelsrecom-

mendedbytheEPAandthispaper.Accordingtothe

resultsinthestudy, Oreochromisaureus×O.niloticus

andCtenopharyngodonidellusaretoleranttoendosulfan

greatly.Furtherresearchesneedtobecarriedoutone-

valuatetheeffectofendosulfanonneurotoxicity, endo-

crinedisruption, growthandreproductionofthetwofi-

shes.

Table1　Acutetoxicityvalues( LC50) forfish

speciesfollowinga96 hexposuretoendosulfan

Species LC50/( μg·L-1 ) Reference

Channagachua 10.7 [ 7]

Cyprinodontvariegatus 2.70 [ 8]

Ctenopharyngodonidellus 2.32 Thisstudy

Menidiaberyllina 1.50 [ 9]

Oreochromisaureus×O.niloticus 1.97 Thisstudy

Gambusiaaffinis 1.30 [ 10]

Cirrhinusmrigala 1.30 [ 11]

Atherinopsaffinis 1.30 [ 9]

Fundulusheteroclitus 1.15 [ 12]

Chanoschanos 0.56 [ 13]

Menidiamenidia 0.38 [ 14]

Mugilcephalus 0.09 [ 15]
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