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In labotatory llowlna·- trouahs Cl<posur• tt,quircd 10 lndwo 100% morulity, recard­
lesi oC limt lo cluth for •lllinJ1<:lft and l'OlellOOO apillSI aeto.:t.od fttshwalet fish 'PtCJes v;u 
~. Carp and .. -hire 1ucktr1 l'«IU!rcd shorlCr expoourea to anlim)'<in (6 hr) Ow, to 
roconoot (IJ.-24 hr) at fleld-ut0 CO<JCellll&tiO!lO of S and $0 ppb ~..ty, llullhcadl wcro 
klUod b)' 3-10 br eapo,u,e to 100-250 ppb rotcnonc al 17 C or blaher, HOMW", lhe l001 
~ llmo _.,,, hi coldet W'•lct (2$ br •t JOO ppb IJI 12 C -> made elimination of 
bullheads wUh - difflcult In cold tuSO!IS, fa1><1Sure limo wu inllueoccJ more by water 
l<ffllJlnlUre 1twi b)' lhe toxlcant C<lnOO!tralion. 'Ibo dlocta ol ,_ wtro often m-<nlblc 
ew:c al\ct lbb had been oa tbelt aidel IJI tho 101ioant IOlulion for 4-S hr bul irrcvtnlblo for 
~ a11cr 4th lbowod lhe fll1t 11111' ol di<lrffl. 

OIUlUIM, P, A. 1972. e_,, tlmea IICIOCMlry for anllti\)'Cln 111d roteoooe to cllmllllle 
a:rtllill freslrwaltt fish. J, P'al!. kes. Bd. C...Uda 29: l9',-202. 

Nous - ll1CIUr6 lo tempt d'«<pa&ltloa • ranttm)'<lne el la rot6-o requu pourcau,er la 
IIIOCUlil6 IOlale. ..,. ~ l la Sooi,,eur do rl&(lftle, de oertalncs esp&,e. do pob,oi,o d'cau 
douco. La eiq,aiei,cce • -' pounulvlos ea lobontou. dlM det b&ca poum,1 d'cau cou, 

- La ........ ~ telb qlll -- l>Oln - et Cltp<I, requll,reot UtlO 
.-po,ltbl pluteourte Ar~(' b) qu't la rotaionc (18 l 241,)allll 1-irun uea .. aur 
lo lctYaia de S cc SO ppb n,peai-t. La bsrboltcs l!10Urall ~ C-'IP(lolillon do J • 10 
...,_ i 100-2.10 ppb de tolffiallt i 17 C OU plus. ToUIC(ols, b nbsait4 d'uno <J<posillon plu, 
locl,uc dam cloa Mllll plus froidea (U b a 100 ppb i 12 C) l'tftJ "'"' dUllcllo rcUmtn.tion dea 
bar1,ot1'II • la l'Otftl(IIIO pendallt la IIIWa froido. ~ ~luro de reau, plua q.,. la con­
C><Oll'ltloa de l'aacttt lntoxlcut, •~ le lfflll)I d'cxpoaltlon. Souwcl, les deta do la tolmone 
ICIDt l'ffltllbb. memo ti It polMoa a~ au, le ..-616 d11tu114 A s hcurCI. Par eonlff. les cffct, 
• r~ .mi ltrMdl,loa "'- q11•~ .,_ p,em1ci-a ~ do~ chca: 1o 
polaoQ. 

bolhoed Jlllla I, 1'71 

ANmnaN and !'01-, tho t,wo 111h IOmntl 
NSIMCC"1 In tho Ualled Statel, aro COIIIIDOllly 
uao4 to roduce or eliminato populations of undcair• 
able ll'Nhwat" Ssh. S.- lll'Wll rcclamatiolll 
uala, •oxlcaall havo flu1cd (Bari)' and wlln 
l9S4; Binns ct al. 1964~ ffcrrla 1964; l..eaDoll ct 
al, 1970), probablydlla to tb6 &b not belaa ~ 
Ions ODOUih to tho chetnlcaJ, Leosth of Clpo,:utO 
la ... lmporlanl .. CODQtDfratlon lo COlllributlna 
to a lctha1 doeo or a tolllcant. Ia &1rcams where 
a cbemlcal movea pu1 the fish and In ataadlns 
bodiol of walef wbetc rapid dilutloa or dcpdalioo 
Is likely to bo • problca,. leo&th of expowro Is 
• critical raaor. 

Scwral authon bavo ~ laboratory lludiea 
on time lo death or ftlh exposed 10 re>'- (Ocn­
dorft' 1930; Leonard 1939; Burdick ct al, 195'; 

Prillle4 la c.aa.da (J2IP7) 

llwctl 1956). Apparently, l.enn0<1 and Parm 
(19$9) did tho only 11udy where limo to death for 
ladlvldual species In tho walCf to bo treated waa 
clelem1lned pri« to treatment, HOWC\'er, limo lo 
death lo a ,olulion or tolicant and lcnilh of CJ.­
P<>SUR -, to lnduoc complete IQM.aliiy 
uo dul'e1a11 calilla, tho laltet betq mlldl shorta". 

If trutmeots of Slleaml &l'O de$lgned OD tho baaiJ 
or limo to cbth, most •~ will be llllder treat• 
meal lonser than neoesslll)', Effective and cfficieat 
m:lamaliona must bo based oa tho proper balance 
betwceo tonoottratioo and exposure timo. 

lbls l!udy wilh aatimycin and ro1en011e wu 
conducted to ddlno tho eO'cctivo contact time (EC'I), 
which tor a toxlcant, la the ~ of exposwo 
__,, to lnduc,e 100% mortality or taraet 
aaimals with a aiffll CODOCllltatiOD, rcprcllcq of 
the limo It tam lbelll lO die. 
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b)-eboc-w~wereklled-,111 l2Cliaoetbe)' 
would bo etimioated aSoci, with tbOIO more l'Clliltant ..,.._ 

f"ala wa-. acdwllc,d aDd hdd r« ~ In a con• 
aecc taak IUPl)tled .,with aerued wen wat«. Tbc lbh 
roe~ CXpolUtl time wen kq,t la • scpanie 1aec:a 
cqo. Watct temc,efaturc '"" reawued by a ateol fin. 
mmloa beatct aDd • clrai!atui, pump la the tank. 
Fash oJ)Offll at 12 C ~~ acdlma~ (o, 24 br. ThoN 
e,ipc-1 at 17 C ""° e«llmlrcd tor 24 hr &Gd the wat« 
kmpttature wu rahed from 12 to 17 C duriAJ tbc dnt 
H ht ol the 24. ThOIO expo.ed at 2l C w., eanpcrul 
durfni • raiod ol 36 ht and wens utU&Jly hcld an ad­
di tloct.a1 24 ht at that IICl'npcrature. 

The fisb were mowd to the ttwna tcou,11 an hour 
be{~ lhe additloa ol toucant bcp.o. Alttt a lCScctcd 
numbef ol houri In tho COQ:ant, etieb lf'OUP waa ~ 
turned to the ftc.,hwatcr tank &Dd bdd untll 96 ht after 
tht beifnnins ot ~ · 

1bc chemblat wed wue F1ntrol ~te. a 
li1Uld romwladoo oont&lnlnt 10% ancirnydn and N~•· 
&h. a tiqw4 formulatioo oootalnin, ~ ~. n. 
(4.IQgUltmk,QI (acdw lnpdlcot) u,cd. .S-10 ppb of 

T-. I, Tbe c&c:tiw coee.c:& Lime (ECT) Co tllamtt tolec:1ed ~ ol fllb wfdi 
IIICimydnudl'OCcDOnl. 

ECT IQ br rot 
W11:« Andmydn C;,6) llocmooe Cl96) 

~ ccm&, 

I ioo [ Oen&th. Ill/ff) (C) ' 10 ,0 2.50 

l 
I 

llalnbow troyt 1l 2 2 

)~ (6,4.124) 
16 Ca,i, '2 6 6 24 

(121-305) l7 , J 10 t' ' 22 2 I 
I -' Ca,p 12 6 

(41-ffl 
~,ed., 12 6 • 18 17 9 
(119-264) n l I ' s J 

21 I o.s n " lactbullbol4 12 >241 
(17'-250) 17 JO s 

21 I 
Jllackbu!Ibead 12 21 IS 
(~ 
OrwalOD&ti 12 II 10- • ~'6) 11 4 J.S 

21 I o., 
o.::'1 ~ t.t 11 .,. 

' • (64-1%7) 
2 YdSowperdi 12 4 o.,, 

(45-74) 

af,&Umeted ~ ~ ~ IW a.JI llllt'ViYOd. 
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ulim)'da and ,0..2'0ppb ot,-.aro lhooe ..,,....i. 
ly wed ill !lcld applications. Tbo &ou:ants ....., mixc<I 
with water IO tbal >-6 lilcn/br of tho IIOClc solution, 
applied to the ialct, produi:ecs IIMI prc,pu CIOIICWlatiocl. 
Tbo IIOd< 101u11oos _.. b\lcclcd wltb an electric fuel 
PIIIIIP, acU.-1 to All occuru:,, ol :1:4%, 

h,,r/11-blnbow trout and yellow P«Ch -
v«'/ ecsitll'I to bolh dlemkale, tho ECr't bcina 
(l'OCII l lO '4 br (rablo I). Tho ahort l!CTa make than 
C111SY to dlrnioa14 IA Ibo prc.1CQQI of mon m!stlnt 
l&rFtljlfflQI. 

Amoa, tbo spccict 11udbl, carp &114 ll!wtl are 
the tDOII likely to be tho tar,el fish In flo'trrlas water, 
The l!CI' ror s ppb or anllmyan on ti-s~.,.. 
IO<IIOWbat abof1Cr than that for lSO ppb oC rotcoonc 
at 17 and :U C. and muc!t aborier at 12 C. At 17 c 
both apcdca <"{:\:: diMl:illc:I b.v 3 ltr ,;if l"'-,IIO$!l!C 
to. S ppb c.f anliroycin or j tu 01' :;.p,."'i.re iO ~ 
ppb ol rotmooe. Tbe llCI"• Cor tboeo COftCallrr,. 
tlom co dimlnace both spcdH at 12 C w= IS br 
tot ~ and 16 br for rotenone. 

No lcltl - CODduc:Ud with antlnlydD ~ 
bladr bollbc'lldl bo::a- Walker cc al. (1964) docu­
mooled Iba! Jt II DOI ffl')' ell'~ qawl apecia 
ol tbo family Jctduridac. llotcnono WU f.1lrly 
ar«dw 00 hnlllwda at tec,pc:atw'CO allow 17 C, 
but at 12 C. they 111\Cl bo cxpot:d to lCO ppb for 
ai least 25 br, which ECl' la tJo Ions to bo practkal 
tor IU'C&ID tn:almcllll. 

Tbe l!Cr• lot &l'«G IUllllah ~ ID Ibo tame 
na,o Cor both toxlcants. ~ bw weto 
subN.adally moro ro,lsta11t to antlm;-'Cln (l) br) 
tbao to rotcaoao (8 br) ,, rnla1morn P".Id-use coo­
CllltratioaJ. Aplnst Ibo moro ICIIS!Uw •~ the 
llCT Cor ,0 ppb or IOleoODO WU cocap,.nble IO or 
tbortGr tban tbo ECT for S ppb ol antlrnydn, 
wbawJ a,a1ntt tbomoreRSlstulcarpandlldffl 
Ibo scr for s ppb or 1lltlmycln wu aboruir thaD 
!bat foe 250 ppb ot roca:ooo. 

IllCl'el:Sla& tbo ~tratloo ot ton:&nt did DOt 
ba¥O u much dect oo tho ECT as did ru!ns the 
- lcalplnllll'O, ~ all tho data, d.ou­
bllna the -tratloa thont,a,d tho ECr'1 ror 
antlrn)'cla by an amqe ol 31,3% and Cor 
roteDOM by 36.6~. tncrcu:1 of 5 C ~ lb 
ECr1 by 1111 &YUIii oC 61.7 a1:d ~.J" for 111111-
mycln and rOlalOlle. •~. 
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ln coctr&ll. tho llCl' for rotcllOIIO was sa,cn.Uy 
reached only •flct tho &II had bcco incapacitated 
In the toxlcant solution for 1-5 hr. Often, full that 
had bcco on their ildi:s In roteoooe aolation for 
up l~ 4 hr recovered later In fmb -· This ii 
In direct conlli,."t with IOlnCI aulhon (Leonud 
193~; &w.11 19.56) who atatcd that no fish could 
9lln'M after losins cq-.lilibrium due to ~ 
to rc>lc<IOn#. 

Aotlmydn appeua to be moN aultable for 1trcu1 
trcatmmta when carp or tueken are l&JWCI apcclcs. 
lt hu a abort ECf and d11C to its applll'Cllt tno­
ffllibiltty fish that later find tbelr way Into 141-
trcatcd water uc likely to die anyway. 

The lmath of time a alven CO!l(ffltration of I01t• 
leant mu.st be 1Mi11t&lnod at any sivai point ill 
a Stream is loaicaUy the dTcctlve cootllCI time tor 
tt·_, .. :,;;: r~1•.1nt t'lfC:,! 1pecl:1. Thi1.s, the Ecr1 
for the taract liali and the llow 1111d clilutloa l)&ltcnll 
for a atream must bo known prior to lft&tmcnt. 
furthcnnoR, tho l!CJ' may bo 1111 Important CC,O. 

aldcratloo In •Lllldlna water. For cumplo. 11111W 
cooditloos of bi&bly alkaline or hiah ,u Wlla'I, 
It la pouiblc that tho toxlcant will dearade bd'oro 
the ECT I& rcachcd, Marklna (1970) 11&11 the half-life 
of bioloakal ,ctivity or antlmycln u 9. 1 bl a1 
pH 9, 4.6 hr at pH 9.S, and I ,5 hr M ,H 10. Tbll 
lodkatea that al some combinaliooa ol blah ,U 
and low water tcmperatun, It could be impoulble 
to obWn 1111 ad:q111110 aposure at ree-•No coo­
(lelltrafiocs. 

The proper coooentntioa aod expoeuro limo Cor 
a reclamntioll with IOlUC&IUI WIDOt bo diolce 
arbitrarily without IOfflC knowleqc oC cadi for the 
W',:t apcclcs In the w,::t WIICJr, 'Ibettloro, it la 
bishly advls.tblo IO 11M ~ blomays to 
detennlne Ibo approprlato conceiitratloo &Del Ecr. 
'Ibo ECT'a pracat=d hero can taW u pildclioee 
for aclcWna cxposurt tltnea to bo · uaed IA 6old 
biowa,.. or abort atnia:n troiatmenu. 
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