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Abstracri:; Ther f ish TiLapia zil.i i i rla3 exI'osed to sublethal

corrcent!etronr;,of t.he or:gerrophor;ph,:rus inser.:l-icide chlorpyrifcs

(Durst.'e.r, ] uslng the continuous f -i or*'-thr'<:ugh systen to evaiuate

rts; chrc,r';ic tox j.c et'fe,:i.s on spawning, r€:Productive behavior, and

earJy l.i fe staEles r'f 1-h€ fish, Chlorpyr:fc:,s, affecteo sPa$nln8l

anci repr'oductrivll ilelr*vior al concenticatlons as, sma.ll as 3 6 ug7'1"

Alsc, s*r';tve,1 ci i:aliy li fe st$.g€: s of .X.2.j"11j'.i. vas reduced

sigrrif icra;lt l-v at the concentratrori c,f 3 ' r5 ug;'I than at 1,7 u8/1

.,r- the controL Tlre maximum accepLable t.o:K.tcant conc€ntratlon

( MATC ) , or "no ef {ect" Ie'vel vas est imated tr: be tretween 1 . ? and

3. 6 ug/.i and the appjlrcertion f sctor (AF ) n-!rs in tlre range of

0.007 and 0.01.5, and the chronic va.Lue was 2 ' 4'r 4 u8/L '

THTRODUC'TION

The envi.ronnental contaninat j.on of ai r , .Iand, and water by

pesticides, aDd their rlel.eterious ,af f ects on rrontarget organisrns,

is probabjLy the greai.est public environnental concern ProbleD

since tire 1960's. Horever, the adverse inpact of pollutants'

incluclrrrg all pesticide !!rouPs r ' nuch greater on the aquatic
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organisns than on the terrestrial organisns Ill.

Organophosphate pesticides have been viewed as beinS less

hazardous to biota than c,h.l.orinaterd ones because they are less

persistent in the env:ironnent.. Howeverr soD€ of the

organophosphorus pesticides Are as acutely toxic as

organochlorine pesticides [2]'

fn this strrdy,' the cichlid fish, Tilapia gillii, was exposed

to the organophosphorus insrecticide chlorpyrifos (Dursban) during

chronic laboratory studiers conducted under continuous flow

cond.itions. The objectives of this study rlere to evaluate the

chronic toxic effects of chlorpyrifos on spanning, reproductive

behavior and survival. of early life stages of the fish; and to

use such chronic data t;o determin,e the'safe" level of using

chlorcpyril'os, the chronj.c rralue, and the ap1:lir::ation factor (AF)

f'or r:hlorpyrifos on T. zillii.

HATEN,IAL AND I{gTtrODS

A11 chronic experinent,s in this study rrere carried out at

the Departnent of Fishe.ries and Wildlife and l?esticide Research

Center, Hichi.gan State University, U.S.A., using a proportional

diluter [ 3,4 ] of the solenoid veilve type ( Ace Glass Inc . ,

VinLand, N. J. ) . This di luter allowed naintenance of constant

concentrations of chlorpyrifos irr tbe exposure tanks. Two

sublethal concentrations of chlorpy:rifos rdere chosen (1.7 and 3.6

ugll) for conducting all chronic experinents. Chl.orPyrifos

concentrations were nonit.ored we,ekly by reverse-phase High

Perforrance Liquid Chronatography (HPLC). Dissolved oxygent pH'

and total alkalinity and hardness cf water in all exPosure tanks
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were tlonltored weekly, wh:i. le tanks nater temperature nas

non! toreC da ily ('l atrlc I ) .

I " Spawning and reproductive beb,avior

Healthy nsture nales and rlfre fenales hrere t'ransferred

i'rom the adrrlt brood stock irrto duplicates of ?0 gallon aquaria

ll approxiroately 120 liters ) and e::<posed to 'lwo sublethal

concenl.rat ic,ns of chlorpyrifc's ( 1 . ? and 3.6 ug,/l li f or about 90

clays. Iie:*irrg of fish rlas based on the structure and form of the

genital. pap.i.llae t5l. OnIy one pair consisti.ng of one nature

male and ,)ne rlPe f enale was placed in each exPo;F;ure lank ' The

botton of tlne tank was covered with clean sand t.o enhance nest

burlding b.v fish. Fish were fed daily to sattati:on r.'ith purina

trout chor f ooC. l-turing the interspawn period ( 30-35 days ),

rnales.were separated from fernsles by nylon scre€n dividers to

prevent. inju.ry to f ernales by nales during thi s per'1Lod. The young

were remorJeqj af ter. 1t.h€ tuo neeks parenta.l care per'iod, AI1 tanks

tere cleaned. thoroughly between spawnn.

I1. Ea,rly li.fe stages:

The rrew-l1'hatched .larvae of T'. zii-1ii i< 24 b'r.) r"rere

t:of lect.ed f rom broo,l tanks and exposecl in oupl icates t,o the sane

tuo sublel.hri-l concentrations of chlor:pyri f os ( f . i' and 3.6 uglI )

f or 28 clays, Fif ty haLched l.arvae riere put in etrch of the f rve

gaIlon tanksi i f rl led to c,antrrirr 8, 5 .i.it.ers ) . Alf ter t-he 1ar':ae

exhausted their yolk sacs, rLhey wer'e fed very fine pordered

purina trout. chow to satiatic,n, and any food left was carefulfy

siphoned out of the exposure llanks.

One-nay arralysis of 'variance (AtilOVA ) Has us;ed to evaluate



105

di f f'erences j.n chro'nic ef f ectx; of chlorp yr i f os on both thc

spawning and reprodur:tive behavior and ea,r11' I i f e stage survival

of l:. zi11i,L. Dunnet's test t6l rlas then used to coapare the

treaLment. rDeens wlth corrtro.L nea.ns,

RESU],TS

I. Sparrn:ing and reproducti.rre behavi,orr

As T'zillii c.r'e subslrirt.e brereders, feraaies iaid the:.r"

eE:gs, c'hich are very st.ickj, irr nests ,:n t.l,* se:lci1. boLr:.oEi ill, cii
th,e glass siiie:;; of the "-er:nk. Bo::h parerrts t.l-rerr gi.arded Nbe eggs,

f,snnerd tbe,m b:' t-herir prcto.al i'ins, alrd crea.ne,l t.rieri tl!, tlrei:.
r00uttr,s, ld:.thin two '-+ illree clays e!li-r:i. rip.rrwi:ing, !riie eggs
h&tcir'ed anci bolLh p&re.t$ coniinr.:ed gua.r'd.i.ng tI:e yoik-sac i.arvae

vhich forned one or tw,:'b.rg,:i.usi:.s.s or: ti:e boi.t(!e, After abcvt
four da..ts, t-ne la:-.."a,e :;._.Lh: .sat:s w€re <.:onpj,er:e1y absoroed rrni
lervile begar': to lrior.'e iir s,:hcois; arccctril)arii'-'r-t l);!. their guarri:16

parerrLs. 'lhr' :;cl.i,!:-ii;;g9 irehavlor jasLeri f :rr .in0ther sr.x ao s*t'et1

days, dtiri ng which L;:e aelstion:i;hip be Lwcen parenls anc l-arvae

de:reirsr:d ;lnd then endeci cr:nplete').y. Tliis reprociuctrve behalior
nas successful_ty observed c)ver t.,{(r ijpatrh,ns at 7..1 ug

chlorp"vri f osll , whrle t.his vas i:)vel otne spaun only ai 3.6 ug

ch,ior;:yr:if .s/ i. where t.he f islr c.u.ld not siraur f r:rr. the secend LiEe

at that concenLration. The t-otrri per:roci.ri,>el:-eutal c€rre for
eggs rrnri i-srvaer -*as signi.f,icantJ.;' i.onger. 'F ., r].r15) at 3,6 ug/l
than li .'l ug,/l ori.he r:o'trcl, ll.wever; Li:*;.,:: waS no srgnif icanr
di llf e::'e'rrces rn the other' <revero:pmental $t,u,iles rlescrtbed atrove

bet.weerr chlopyr.ifos concentrations of l..i and 3.6 ug/l or the
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control (Table 2 ).

?able L Sonr: cirenica.l characl;eristics of the rratc r used r n the
flow-th::-ough dlLluter sysiten durr.ng the chronic loxicity
exPerrDenls.

Drssol ved oxyElen ( ngl1 )

Tot"al al kp I ini t:' ( roe/I as CaCo3 )

Tot.a.L hardness, l nBl I e.s CrrCo3 )

PH
Tenrpe ratu re ( Cl )

'; -, -;.; ,::----
32i"::i3(J
i] 50"::,6i;
? " 8- l!. $,

27 ll

TrrbIe 2. Eff,ecr. c{ ch}orpyrif',os on syrawninpl crnd repr. liiir"rctive
beha'v:or * | !".1.1I.ii e:rposed to I.7 snd 3 .6 r:ql'l f 6r; ]{-; 6!s1,s
thrc'u8lh tHo sir,a$ns.

He as,ured
COfiC 

"

iue/11

Dr.vei oplren'i,al s rage
,l days )

lial.ching YoIk sac SchooLing Parental
p'eliod ritisorp*,.ion behavior care

Control z.it0 4.00 6.0t1 14.00
1.? 2.!;g 3.50 6.15 15.00
3 . 6 2.1',O 3 .80 6 .40 19. C0

?strle 3, $urv jva.l cf ear-ly j-ile stages 'rf Lzlll-l r3xirc'sed tc 1.7
snd 3,6 ug chlc'rpyrifosll. f,:r 28,1ays"

l,'en cure,j
conc,
iu8/1j

Conf ro.l
i.1

Nunh,err rrf suru iva] s ::,urr,r vaI ii l

50
4:r
Jal

i: 0C
i}E

II. Earl"r ).ife stages:

As shown irr TabLe ( 3 ) , al"l 5tl larvae f i sh survi vecj in
the cont.rol , one ro::'tality at. 1.7 ug chlorpyrlf os./l r aDd l5
deeths at 3.6 uE/L Vi.eId:ng percent survival of 10r:l , gB, and ?0

in the control, 1,? and 3.6 ugll respectivellr. Survival at the
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3.6 ug ch,lorpyrifos/l was significantly lower

survivaf rates obtained at 1.7 ug ehlorPyrifos

DISCUSSION

<0.05 ) than the

the control.

Fish and other aquatjrc organisus are conmonly subjected to

lon!l Lern stress arising fr,on exposut:e to sublethal

concentrations of toxicant.s which could be nc're deleterious to

spawning or reproductive b'ehavior, survival of early Iife stagest

and/or gr,cwth of the fish [1]. Therefore, chrcinic toxicity tests

are now common.l-y conducLed to provide a ltore sernsitive neasure of

i:henicaL toxic:Lty th,an is allor.red by acui-€| f-oxicity tests

l?j. A chronic t.oxicity t,ast could be baseo ori e.i.tlrer toLai 1il'e

cycle c,r partial I i.f e r:ycJ"e tesrs over tine p,::r':iods of *'eeks l.o

years, and are usua.l1]. conducted in flow tlrrough sI'stens t.o

eval.uate so&e ol' t.he advr:rse toxi c ef fer:ts t: f ttre chenicerl ( s )

under study-

Chronic tox:Lcity tests are o!l'prinar) vi:rl.ue in estimatirlg

the "safe'" levels of 1,oxi.cants, also known a$ t-he "no effect"

concenLrgtion or the Maxi:mun Accep'uable'loxicant. Concentrat.iotr'

IIATC [13,9]. lfhrg MATC is enpirically es'i.i;a*t*d, and is the

highest concentrsrtion that hets no obse!'vetJ effr:ct. on the exposeC

oig€rnlsn (NOEC).in tern's cf sl,awninS, surviyal' or growth' or it,

:is interlrolated as the g€'onetric oean {c}trc'riir: rral'ue i of the

Iowest concentraIion t]rat has an observe,l pfiect. iLOEC) and the

no obs€]rved ef feat (NOEC) tl0l. In add.it:orr, nhen the naxilnuo

acceptabJ.e toxicant concentratron ( IIATC ) is divided by the

concentration causinS 50f nortaLi Ly ( LC50 ) ' t.he result is the

(P

or



109

_.--._*i!.--;-IJ I

.;,,ir,Jl -.= liJ. -.n.,-;-!J;,i-llrrr!1.:, L1r*-c i*l,.Jl ,L ,f (
lrt&"ll'.;\^-1,1-r--;Lc-jre.r*le-r:*rillr--;lf L.-,; ( ;i.-,rilt*F.-,rr[Jl

;r4i | / 1.5 ) t ; L. r"J i! r* L! I .: *i-9 .: 1r., * .r, u-.* !, L: | ; L. l r=i -"-*
r.L-!.J"ll;,;l+-:.rrl.q1 -- .l / r\rt-fuY Jl ;-I.'rlrl*., +er. e/L'jl.*"

;-"-4tl l;-- -u.- ; L ) i d Zt---.l rLr'r I ; L- ;,.:i b - L'rl . - .,-L .rA,: * !
+ir u)tu il.r"!l;L).r,.,lil-.;;.rIrl 'l,=L,a+u'*, Ct'--lr Jr, ljr

L-,---.:*.=L^l L,- cLitoit -.J b4.*J i;l .l'l.:-i4 -*--1..-L:,*.*ilc,r-:.-:gL)i


	Scan20002.PDF (p.1-7)
	Scan20003.PDF (p.8-14)

