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Atrstrrct

lbxiciry of chlofpyfltbs and dincLhoare, rwo organophosphorus insecricidcs
commonl] uscd nr agricultural pesr managcmcnr in Sri Lanka, lo rhc Ingerlilrgs ol
Arco.hratis ,i/,lnrd was evaluared The 96 hour l-C50 values for chknty.ilos and
dirneihoate we.e detemrincd Lo bc 0 ll7 nrg l 

i 
and l1 8l nrg I | rcspedively. txposure io

sublelhal concenlfations oflhc irrsccticides for l5 dal-s causcd mafked inhibirion (51 96%)
ofthe acetllcholinestcrasc acLiviLy ofbrain, skeletal Inusclc, Iiver and spleen rissucs nr fie
fish Upon transler Lo inseclicide Fee $ater. accrllcholileslerase activiry incfeased bur
complclc rccovery was nol altained even aftef 20 da),s l_he results rndicatc thal cfuonic
cxposurc to cvcn sublethal collcellr|ations of rhe\c nrsccticides afect the lingcrhrgs of O
,l,rl.ar Ol thc Lwo irrsecticides tested, chlorpyfrlbs was more toxic tlun dimelhoate

Int roduchon

Ofganophosphorus (OP) ilsecticrdes act as ncorotoxicants by blocking slnapric
h"DsmissioD in cholinergic pafts o I the neNous sysien The major group o I enzyne lvhich
is mnibited by OP insecticides is Acetylcholincsterase (AchE) (Coppage & Braidcch 1976;
Fest & Schmidl 1982) AchE mcrstrrenrents have been recognrzed as ! poterrial
biochcmical indiclor ofOP insecticide poisoning of lish in rhe watcr bodies (Munhy
1986.  Vander Wcl& Wcl l iDg 1989t  Br t r r jD& HeDnens 1993)

OP insecricides arc \!idely uscd in Sri Lanka 10 contfol insect pests of agdcultural
crops especially In flcc cultivation In Srl Lanka watef lor cultivation is providcd nrainly
tiom reservoi.s Water liom rice Uelds somclimcs rcteatedlv draius into irfigarion canals
anf olhef reservoirs rhereby distibutins nre nsecticidcs ovcr a rvide area posilrg rlsks to
aquatic ofganisms especially fish Recently it has been suggcsLcd thar .ice fields in Sri
Lanko could be utilized for secondary food in the tbrm ol fish (Fcnrando 1996) Sone
activities on rice lsh cultoe arc being cnried out in Sri Lanko on experimcnral basjs
(EdirisiDdrc & Pcrcra 1995t Edirisinghc & Bodhiwansa 1996) Horlever, conlarnrnation of
irigalion canals and rice fields wrlh Insecncides used to conlrol pests ofrice plants rnal
affe.t the fish yield To date, thcre is liltle iDfornration on to\icir-v_ olOP rnseciicides on
inland tbod tish species in SriLarrka

Nrle lilapia, OrcochtonLt hilaticlts is one of the comnrercially Inost inporLant
inlaDd lood fish spccics introduced 1() rcserloir in Sri Lanka ln lhc |resenr invesfiganon
acute loxicirr_ and sublethal eltects ofchlorpyritbs and dimethoate. tt!o OP insectjcides
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commonly nsed in Sti Lanka on fingeflings of O n olicus were evaluated The .cutc

roxicities wcre quantifi€d through median lcthal concentration (LC50) Sublethal roxicities

were quanrified through i, ri', inlibilion ofAchE Recovery paftems of Lhe insecticides

inhrbited Ach[ in the fish Nere also studicd

Mater ia ls  snd Methods

Fingerlings ofO. nilotlcus i6-22 g In body $'eight) were oblained lrom lhe

Udawalawc Fisheries Station. Miristry of Fislre es and Aquatic Resources Developmenl

Sfi Lanka and allowed to acclimare to laboratory conditrons in rectangula. aquaria with

agcd iap !r,ate. undef rnlural photoperjod lbf hlo weeks The tish lvere tcd dailv *ith

colnmcrcialfish meal

Comncrcial fomrulatlons of trvo inseclicides, chlo.pvifos, available in 40%

enrulsitiable conccntration (l-lc), and dimethoare available in 50% EC xere used

Static aculc toxiciry bsts \aefe conducted in accordance with the standard

proccdure outhred by FAO (Reish & Oshida 1986) Solutions oi Lhe insectrcides we'€

madc by diiuling commercial fonnulltions ofdle insecticides with agcd tap water to oblan

desi.ed concenbarions. Range lmding lests were conducted to find the rlDge of

conce.Lrations ofthe insecticides to be used fo. the dellnilive toxiciLy Lcsts Based on the

results ol the range linding tesLs. gfoLrps of l0 fish (l 8 2 I g ilr bod)' weight) were placed

in reciang'rlaf glass aqLraria with l6 I ofse cs of concen tralions ofchlorpvrifos (0 05 0.'10

m.e, | 
') or dimethoate (5-20 mg 1 

'). 
ln ill Lcsts. tfiplicaLcs were used and control sets wcr:

manrhined sirnultaneousli vith onl)' nrc aged lap rvaler. Ternperatue. pll and dissolved

oxygen conceDtralion of the les! rvatcr ivere measurcd dail)' lnd Ibund to be within lhe

acceptable limiLs lbr fish. The motalities offish exposed to diflcrcnt concentrctions oi tlre

insecticidcs were recorded evcrf 24 hou|s for 96 houN, dead fish bejDg remoYed ev€]] 3-

12 hours LC50 lalucs \aere deLermined usnrg the computcf progrannne, "Toxicologist"

([uro Me.l centre on Nlarine contamilratjon Hazafc]s 1990) The concentration - rnonal'tv

data were also analyzed statisLically follolving Finne,v (1971)

9blcthdltoxtcir! rcns
Br.ed |  .he oo ror  t  l  L  '0  \ . l re '  "brd ned a ' r l  acu e lo  i |e-  '  lv  o

c o n . c , r / r i o n . u t  e d c h i r c c  c i d e  0 o o  . . ( u  o | d  
_ 0 4 "  

l  '  ) n , . L l ' o T y  
- 0  

0 0 I m j I

and 0.024 mg l r  ;d imethoate 1.5 ng I 'L  and:0 mg l r  rvere used as sublethal

conccnlfaiions. Fish (1.9-2.6 g in body weighi ) u'erc exposed Io the sublerhal

concentralions in groups of 20-25 fish lor 15 dals Conirol fish wcre mailrtaincd

snnultaneousl) with nrc aged tap water and thc exp€riments wefe conducted in lriplicatcs'

The test solutrons were reDewcd regular ly al every 96 hotrr inteNa!. As in tlre acutc tolicity

resls. lhe water qualiry pafameleB were measured dxilv and lbund to bc rlidrin dre

acceptable limits. After 15 dals of inseclicide exposurc a sanrple of flsh 1I erch

coDcentration was sacrificed for AchE assav The femanrnrg fislr lvere transferred to clcan

aged tap watef for rccovery lhesefish wcrc sacrificed at 10 dav inld vals for Ach l'l assa-v
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Fish were saclificed ard brflin, skeletal muscle. livcr and spleen wefe removcd
'1he 

en4me sources wefe prepared by homogcnizing the lissues in 0 lM phosphatc buffef,
pH 8 0 AchE activities ollhe homogcnates were assayed using aceqlthiocholnre iodide as
the substate following the spectophotolndrlc rnethod of Ellman er al (196t) En4me
aclivities are presented as mcanlsD The diferences betueen thc me!. values were
compared by analysrs olvariance (ANOVA) where differences were significanl (P<0 05),
mean raiues wefe compared by Schefe's rcsL (Kleinbaurn et al 1988)

Rcsults

The rcsults ol Lhe toxicit! tests are presented in Tablc I The acute roxiciry vafied
dependrng or the ir$ecticide tested and the duration ofthe exposure The t-C50 lor 24 houf
exposure lvas 0 135 mg I I for chlorpyrifos aDd 17 94 mg I' lbf dinethoaLc After 96 hoLrfs
the toxiciry was greater with LC50 vahres ofo l l T rng l r for chlorpy llbs lnd 14 84 ng lr

Table I LC50 vahrcs (24.48,72 ard S6 hours) of chloryyilbs and dunethoare for
llnget]nngs of Areo.hrcnlis ,ilotic us

(hours)

LC50
(nrg I ) linlrrs0ng I r)

cl orp),rifos 0 1 0 0 - 0 1 3 6
0 0 9 i - 0 1 t 0
0  0 8 7  - 0 1 6 5
0  0 8 1 - 0  t 6 1
15,I i  -  28 4,1
r i 6 8 - 2 1  9 2
t i l 8 - 1 7 7 2
t i 0 4 - 1 7 4 9

21
48
72
96
24
48
12
96

1 1 2
t l l
1 7 5
t '77
1 4 5
r 4 8
t i 6
t 1 6

0 l l 5
0 124
0  t 2 0
0 l t ?
1',l 94
t 5  9 5
t 4  9 8
14 84

Durnrg the 96 hour acute exposure, fish exposed to higher concenhaLions of the
i rsecl ic ides (>0 l0  rng l '  ch lorpyr i fos and >12 nrg l r  d imethoate)  showed pro.ounced
bchavioural chaDges: they lvere incapable of nonnal srvnnmjng and madc eralic
nrovenlents Changes in integumental pigrnentation wcrc also obserued Behavioural
chrnges rvere also obserued u1 the fish exposcd to sublerhal concenn"rions of rhe
insecticides (0 012 and 0.024 mg lr chlorp]-ritbs; I 5 and 3.0 mg l- dimclhoate) for 15
days These fish showed erratic swirnming and lalcr becime lethargic

Acctylcholinesterase activities of various tissues of conlfol ish and the fish
erposed to sublcdral concentratjons oflhe insecncides lbf l5 dals are presenred nr Table 2
The d vrw sLrblelhal Loricity oflhc insecticides $as feUec(.d bv marked inhrbirion olrhe
AchE acti!ities in the bfailr, skelelalmuscle, bmin and spleen tissues ofinsccricide exposed
fish in conrparison with thc conh o ls AchE actrvities of thc br! in tissLres of ch loT)rrifos
exposed fish were more sirongl), inhibiLcd (92 96%) than that offish e\posed ro dnnerhoat€
(51 86%) hrnibition of rhe AchL acLivity in brain rissues was dependent on the
conccnhatioD of the insecticide Percentagc i ribrlion ofihe AchE activity oftbe orhcr
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rissues namely skeletal nluscle and liver oifish exposed to chlorpyrilos was also grcater

than that oflhc dinethoatc cxposef fish
AchE actiyity oI the brain tissucs druing rccovcrv phase are shown in Fig lAl

the end of20 days ofpost exposure, the AchE activily ol Lhc brain tissues of nsh exposed
to dimelhorlc recovered up to 78% oflhc normal valuc However, the en4me activiry of
the chlorplrifos exposed fish recovered only up to 49% ol the nofmalvalue at the end of
the test period Resulrs show that after t€minalion ofthe inseciicide exposurc. ihe AchE
,ctiviries slowly increased in the fish bur complele recoverf was noi attaried even bv the

end of20 dqrs

Table 2 Acetylcholineslerase activities of varid$ nssues af Oreothrantt! hit.nicut
following l5 days exposure lo subleLhal colcentlations of inseclicides In each colunnr,

rneans not folknved by the same supencript are significantlv different lio each

othc(P<O 05) Numberc in parcntheses indicaLc pefcentrge inhibitron rrr enzv'nc actrvrrv n

conlparison to the controls (n=10-12)

E \ p o s u . En4me acl iv i t l , (n  Inoles nr in mg )

Bfanr Skeleral Livel SpleeD

23 o4+t 61"

0.012 I  87 r0 45'
(e2%)

0 a24 0 8210 24'
(e6%)

dimethoate (lng I r)

I  5 1l  2ol3 09'
( 5 1 % )
3 :4+0 65"
(86%)

4 60+1 20"

0 22+0 07'
(e5%)
0 21+0 02"
(s5%)

0 53+0 I8h
(88%)
0 42+0 0t-
(eL%)

9  8 9 r 0 1 2 '

I  iSr 0 08'
(86%)
I 04+0 i5'
(8e%)

I 94+0 i8 '
(80%)
1 6 2 + 0 4 1 " "
(84%)

4 1 8  0 4 5 "

o 66+0 05r
(84%)
0 62+0 05'
(85%)

0 83+0 23b
(80%)
0  6 1  0 1 7 "
(8s%)

3 0

Discussion

The 96 hou. LC50 values of chlofpyrifos and dimethoaie for llngerlings ol o'

, / / o r ; . r s w e r c f b u n d t o b e 0 . l l T m g l L a n d 1 4 S 4 m g l - ' r e s p c c t i v e l v R e s u l t s s h o N e d l h a l
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conespoidto conccntrations of I 008 mg l'' and 0-728 mg I I ir inigated rice fields wilh t0
cn] ol'wale. When chlopydfos is applied at rhe recommended rate, its concenhztion in
in igated rice fields would not be $'iihin the safety range esiimated Fom this study
indicaring tlrat the recommended application rates ofchlorpyrilbs for coDh.olling .ice pesrs
could affectthe fingerlings of O. nilaticus However, at rhe recommended applicatjon rares,
the concenration of dnnethoate in nrigated rice fields would be within the safery range
estinated ftom this study

AchE enzyrne is vital for the fuDctionnrg of the sensory. integrrtive and
neuromuscular systems offish (Mnnhy 1986) ln the prcsent sr dy. AchE activities in rhe
b.ain. skeletal nluscle, Iivcr and spleen nr the fingeflings ofr, ,i/o1i.6 were significanrly
inhrbrled lbllowing l5 days ol cxposue to sublethal concentrations of chlorpyrifos and
dimethoate clearly demoDshating the high anticholinesterasc cllect of ihese inseciicidcs
Venna et al (1979) aho observed high anticholinestcrase eiTect in two ffeshwatef fishes,
Chdnha gdchrd and Lirrhinus nrgdlu ^rte. s|blclhal exposue 10 three OP insccticides,
ZoloDe, Roger and Malalhion It IlaS also been rcported that exposure to soblerhal
concentratiorN of malathion significantly affeded the bchaviour and AchE adivily in rcd
ilapia (Orcochonnis no:sa'.bicusX arcothtunb ni1r1lcrc) (Suiaiman er al 1989)aDdin
bluegillsurr fish, relol,/J nr.rd.rrlm (Richnonds & Durta 1992)

Fig I B.ain acetylcholinesterasc activity ofO,e,.h-,-d,//or.,r fingerlings allhe end of
the insectjcide exposurc and its recove0, dufing postexposufe pefiod

!
9

E
6

post exposure
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In lhe present study, percentage inhibrtion of AchE in brain and other tissues
caused by the exposurc to sublethal concentrations of chlorplrifos was significantly higher
than the inlibition caused by the sublethal concentrations of dimethoate Results rndicate
that even chronic toxicrty ofchlor?}tifos rs greater than that ofdlnethoate for A 

"/oltds
fngerlings when tbe Lnsecticide exposed fish were transferred to ins€cticide ftee wate.,
slow r€covery of AchE activiry was obsewed. By the end of the 20ih day, AchE activity in
the fish exposed to dlnethoate had mostly recovered (78%) while AchE activity in
chlorplnfos €xposed fish had recovered the least gaining only 49% the activity Theresults
indicate that AchE activily in these fish had notrecovered tully withln 20 days and a longer
time may be needed belore the normal activily ofAchE could be attained OP insecticides
bind ineversibLy io cholinesterase en4rnes (Fest & Schmid t I 9 82) Hence, fish exposed to

OP insectici{jes must sFthesize niew en4mes in ofder to retum activiry to normal, a
process thal appeaN to take tine (Rand & Peh ocelli I 98 5 ) The recovery time wrs found to
vary wiri rhe specjes offish (Rand & Petocelli, 1985;Zinkleetal 1987;Sulannan et al
1989).

Alfioxgh OP insecticides generally do not persist lor very long, with repeated
inDuts to the aquatic envkonment, the fish may be exposed to low sublethal concentations
of the i.secrrcides for long period of time (Edwards 1977) Hence, inl bition of AchE
activity in populations ofO. ,r/orl:ff may occur upon repeated sublethal exposue to these
insecticides afecting the tunctioning ofthe nervous systen in the fish In the long run,
rhese repeated sublethal concenFations may prove nore deleterious than the short tenn
lethal concenirations because alteration in tbe functions ofthe nervous system in these fish
may in tum altef their behaviour, feeding habrts and other actjvitres In salJnonid fishes,
inlibition of AchE was found to alter respimlion, swiliming, feeding and social
intemctions (Rand & Perrocellj 1985) ln the present study, behavioural changes wefe aho
observed in the fish continuously exposed to even subletlEl concentrations of the
inseciicrdes Behavioural €hanges in the wild populations offish could makc the tish more
conspLcuous in the envioDment and more susceptible to predation therebv .educr,rg the
abilrry ofthe fish to survive and reproduce

ln conclusion, the present study showed that chronic exposufe ro sublethal
concentralions of chlorpyrifos and dimerhoate significantly inhibit the activiq' of the
acetylchollresterasc enzlme affeciing the neufological tunctions iD the fingerltngs of O
,/ori.!r Ofthe 1wo insecticides tested, chlop\rifos was more toxic than dinethoate
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