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ABSTRSC'I'

Cadmiunn lead , mercury and tin in the forrnof water so.lubie cations were compared for their:acute toxic:ity 96 h LCoo's against the mosquit<>
f rsh Gamhu{ia af f inis and the water f lea Oapn[ll
maqna , Datrtrnids were more sensit ive to a I I the
!9"!94 hear,1' meta ls than the mosquito f rsh wi tir85-300 folil. dif ferences. Mercury wasr the stron-gest toxic cation, fol lowed by tin, cadrniunr, andlead in a diercreasing order.

The hiEh suscept:.birity of Daphnia masna sut'-ports rts usre for detection of heavy metals :irrpolluted aquatic ecosystems. on th; other hancl,the relativ'ely tolerant .behaviour. of themosqult-o fish Gambusia affi:ris gualifies it forits essentiai rote as a oiorogiiai larvrvoroLlsfish to control the disease.

Transmitting mosquito Iarvae particularly instognant water systems. The d.ata indicated lls,othat cadmiurn and t in are more hazardous toaquatic biota than lead.

IITTRODUCTION

Many spr:c i es of
the biologictrl control

fishesr have
of mosquito
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spqcial emphasis on malaria- vectors. Gambursiagf.finis has been used as a mosguito larvivEousfishes in North Anerica since the turn of thecentury (Haas and pol,1gg4). Generally. fish arem,ore susceptible to environmental variationsthan te.rrestrial animars. sater guality is thusa limiting factor r*trich should. be considered inculturing fish incrurding the mosguito fish. whenintrodur;inr1 then to mosquito breeding areas.
H'ear4'' orgranic and inorganic pol lutants released.with indusjlrial on arlfricultural water wastes can
bra thus lethal to thre benef icial Gtrmbusia ,if_
f !$.i_e mosquito f ish and other aquatE-IGE

El-Ilasyouni (1988 a) reported that Tilapia
Ailli f ish proved to be nore sensitive ttran lthemosguito fish_ (Gamhusia sp.) to organic pes_t:icides with about 5_ZO folds in the LCoo valuesThis f indi.ng fa'rrou.rs the mosgr-lito f i.sh to bemore quali.fied as,a relatively &,ore tolerant
biLological control argent against the mosqu:Lto
lerrvae. This trend tiras supported by El_Basyotrni
( 1.988 b,) vho cmplred the toxic ef fect ofdimethoate " rethqyl , and fenvalerate lnsec_
ticides on the rcsguito rish Ganbusia affirris
anrd the Culex pipien:1 mosqui.to larvae. A sel€,c-tivity factor of 125 fold was dercnstrated for
dimethoate , folloned by rethoruyl which showed
only a safety factor of 10 fold while fen-
valerate was the best selective.

Hoff,ett and Yarbrough {1972) proved the cor-relation between development of resistance in
Ga:mbusia affinis to i,nsecticides and the suc-cinic d,ehyrilrogena:re activity rrhich was more
responsi'ire for inleibi.tion bry DDT , Toxaphenq
and Dieldrin in the sugcepti.ble strain of the
mosquito firsh.

llotalbar (1979) and Alio et qt. {1985) repor-
ted thalt the rcsquito'fish Gamb_u_sia affinii isthe mosjL o.rtstandirEl amivor*rrs fistr usef,ui
in control I ing the mo,sguits lar.fa* in agueorrs
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ecosystems. In the literature there are few dataon the toxic impact of he,rrry metals on the Gam-busia f ish. Kenaga and Mo,cr.enaar (Lgzgl compiilEa
the acute sensitivi.ty of f ish,daphinid.s, aguatic
vascular plant,e and algae 'fo thousands of Cherrnri-cals of h,eterCIgensus strucl:ures. They found that
animals w,ere more sensitivg indicatois of t*xi,ceffects tlir,an wer'ts vascular plants or algae. ,l-hey
concluded tlrat, toxicitlr data for flsfr and
daphnids s,houI.: be sufficii:ntly restrictrve toprotect alrJae and aquatic .zascular plants. ltaki(L979) dem,rnstrated the col-relation between thesensitiviit:/ of Daphnia masna or the fathedd. min-
now fish 1:r) d variety of chemicals. They fc,undthat daphnids are very suitabie for tbxicityprediction to aqueous orgarlisms. U. S. EpA (L979'l
recomrnended that species indigenous to thereceiving water could ber used as a biologicai
marker f of detect .i on of to>li c i ty I eve I s .

Ensieirn et al (1989) derscribed a structure-
actrvity nmdel of Daphnia grdgna median effecti'ue
concentrat.lon (Ec5o) baserd on rat oral medirrnlethal concentration (LDgo) and structural para-meters. 1'hey considered daphnid a suitabie or_ganism for reproducible toxicity data.

The use of acute toxicity tests for assessing
the potential hazard of chemicai contaminants toaquatic org'anisms is wel I documented (Johnson and
Frnley,1980,) .Static acute toxicity tests provicle
rapid and reliable concentration-response cur\/esfor estimating toxic effects of tnernlcals onaguatic organisms. These tests provide a dtrtabase for determining rel ative toxicity o j: alarge nurnber of chemical pol lutants. Acutetoxicity tests usually pro'vide estrmates of theexposure concentration causing 50t mortall;ty(LCso) to a test organism drrring a specif ic per:
iod of tim,e. The applicatir>n of LCso has gairred.
acceptance among toxicologirrts and is gen-ral lythe most ,highly rated test for assessing potern-
tial adverrs,e ef f ects of chernical const ituents to
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aquatic iife. Fell data were reporte,l ab,cut t,he
effect of hear4p metalls on bcth daphnids and gam-
bos:ia. Aecord.ingly ,, this study was pl,rnned to
compare the acute toxicity of the fou:r healry
metals: cad:mium lead , raercury and tin on the
mosquito fish Gambusia affinis and ilre water
f lea Qg-pj[nt,f magna. in aqueous systernq.

ITITERIII.S IIID }IETIIODS

9snbgaig cfltinis culturo :

The mos;guito fish Gambusia affinis were
co.t lecteil f rom untreated irri.Eation cana,ls an,l
transferred to the lab. The f,ish rras kept for ,rc-
cI:irnitization lO days in dechlorlnated tap watisr
betiore er:perimentat.ion. Comrercial f ish f eed w,rs
useid to f'eeil the aulture" Any dead f ish lrils
rennoved to reduce i.nfections" The water tani<s
containinrg the stock culture rf,er* aeriated yril:h
a pump sy'stem. The water was changed after 2 - 3
da1's to av'oid accutmu i at;on of sastes. Ten
simi iarly-sized active Gambu^si,a r+rere transferred
to €,ich glass jar one liter capacity containing
5OCl rrl of d.echlorinaled nater- Three replicates
were used for each t:reatnent including the con-
trcrl, from average mo:rtality counts, LCro valuers
were recorded.

Dagrhnia inaong culturc:

,A cu I ture of rralLer f I ea Daohnia macr:na f rom
the Zoologry Dept-,Facutty of Science was r.rsed. in
this study. They rrere fed a suspension of fgc,d
(1 mt / liter) tsice weekly for rearing arnd oncre
for testing. The su:rpedsion food contained the
alg'al culture of Chlgrella tryl'enoidaqa.

For acute tests trO d,aph*ids L? + 2 hr old
were placed in the te:lt.ing v*,als" 250 ml lceakers
each containing the tfeed,. €*c!r tieatment had 3
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repl icatesr and .th.- average 96 hr mortal itieswere plotte,d on .h? loq / probit paper and f:romthe f itted regress ion t ines the LCo., vaiues wrst-€deduced,

Chemicalg ugcd:

Cadmrurm chlorid.e, Iearl nitrate, mercur-icchloride, and stannrus ch.toride were the heervymetal saltrs used. to prepare the stock agueoussolutions. .All the sarti wel'e of the pu." chesri-
:?l grade qualiry. The fr^eshfy preiaieo solu_tions lrere used in the aeute: toxi"ity'tests:,

RESULTS AND DIS|CUSSION

The dat;r in Tabie( j.) shcw the LCso values ofthe four tersted hearry metais to curuiiJia arrrniq.Mercury and: then t i n 'were the hGF-; f f ect r vreications fc'i lowed by cad.mium and, then ieaa .n .rdescending c,rder The higrher toxi c cat ions ( t r rrand mercury) showed highei slope vaiues suggesl:_.ing higher rates of pEnetration and ult.tu. onrthe contrary lead ihowed the iower. !iop" sugl*gesting slower uptake.

Table (,4) prresents the I_C=o values for fourhearry metai catlolu on bp-b-n.La masrra.Mercury.tinfollowed b'1 cadmium and-flen read. in a descend.-_rng order srr,rwed the relative acute t.oxicity tod.aphnids . Aga 
1n . ll" lore poternt cat ions : m€FCUr|and tjn showed the higher siope "alues sugqest_

:ng -r'apid' penetrat- ion and uFrtake ^ on the otherhand leacl the least toxic had the feast slopesuggest i ng s llower uptake .

This relertrve pattern is alnniost repeate,lfor the Samle cat-ic,ns against both gamlus:a. sflrldaphnid. Hourever by cornp,:ring the-LCgo vaIues':n both casesi, it was cieai thai O"pirriiJ-rs m*r^{}susceptible than the Eambusia fish. A iu.t shrrir
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It{os;quito

I lluhr.

Table ( 1)

of Four Heary
Fish Gambusia

llletals to the
affinis

lhe Hear4g

metal

Cadni.um

Lead

Mercury

Tin

516 hr LCoo

W/ml
( pprn)

Slope of
Confidence Regression

Limits Line

16. 32

L94.28

o. 69

9.58

L6. L4-16.50

I 94 . 08-1 94. 48

o.61-O.78

9.54-9.63

3.64

2.842

.4. 836

,l - 284
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Tabie (Zl

Acute Toa:icity of Four Hearlr Metals to thehfater Flea Daphnig maona

The Hear,11

meta I

hr LCso

./ l rter
( pprn )

96

ug
Slope o:t

Confidence Regressionr
L imi ts Li ne

Cadmium

Lead

l,lercury

Tin

60.0

3400. 0

3.b

55. I

5rl

3000

4.tl

55 .4

63

3900

5.9

56 .2

3 .120

3 .204

4.946

4,836
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supports ther recommendation of.Daphnia as a sen-sit.ive bioindicator for detection of water pol-.
tr ut :ion i nc id;ernts .

Biesinger and Christensen (L9ZZ) reported 4€|hr I.Cso for nrercury anrd cadmiun on Daphnia magn€!to lrc 5 and 65 mg/ I iter. resrpectiveli. fn,e cor-:
responding fi,gures for 96 hr .LCso values in ther
trresrent study were 5.6 and 60 ug/liter , FrBSp€c-.
tivel'y. Elsebae et g!.t1gB1) :reported LCgo of €rmg/liter tor 72 hr HgC.la to mosquito f ish. This
indicates sirmilarity in order and magnitude oftoxicity. No other comparable data were reported
in the I it,erature for the acute toxic:ity of
heavy metals on Gambus:i.a af f irris. Daniel l:i andDavis (1951) suggrested that the metal ions exerttheir toxic effect b), covalent binding at cell
surfaces trind that t.he difference in elec-
tronegativitlr of the rrarious ions is a to>cicity
deter:arining :lactor. However, it seems thert th;
l imitlng facrior is the af I'inity betweern the
metal Lic cat:lons and thre react ive sites in the
biol,ogical sy$1sns which indlcate the abi t ity tob:ind with pr^oteins through SH group site,s andthe other chernricaI bands with other cytc,toxic
targets

lfhe low s,trsceptibility of the mosquito f ish
Gambtrsia affigris is an advantage to this larvivo-
rous f ish to tre a successful tcierant biologicalcontrol organrnism of the mosquito-transmitted
diseases. GEgrlusia affinis is characterized bybeing tolerant to pol lutants and capable oi
bui ldling resistant strains.Fer,guson et al. (t966)
described the mechanism of end:rin resisGnc,e andthe dynamics of uptake and release by resi:stant
and susceptible strains of mosrluito f ish. They
co'ncluded that this f islr' has (rn unique tol,erani
systemE. Gambusia af f inis theref ore can I i,re in
adequrate numbers in relatively poi iuted agrlatic
ecosy's'berns. It can be conclutled that the water
f lea 9,aphnia. ruggna is tlr* rec+rnmende,J biotor;ica Ij.ndicator for detect iorr cf *qu,*t:c pol lution
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wrth very lc'w costg.Besides,Gambusia affinis ilhemosguito f ish is less sensi tive;raE;Gticiiiindicator but it is well qualified to toreraLepol lutants and to be morie tolerant in theaquatic environment capable r>f control l ing themosquito l'arvae. The data trrso throw the iighton tin and cadmiurn aE more hazardous poi lutantsthan lead to the aquatic sys.Lems
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