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ABSTRACT

The eXlrapoLa,ion of ocotoxicological da\.a is eXloIIlined under three maIn
headinp. i.e., specieSolo-species. individual·to-popuLation and laboratory-to
field extrapolaho., ,n ord.no asses< ,h.degree of risk ,n"ol,-ed, WhUe specieSolo
species '.,uiation can be La'lIe, 'be distribulion of Le,. ''lIlucs tends to follow a
]>O$"i"ely .k....'ed normal cu,,'e. With ,ncreasi.lI Mla selS 'he uncertain'ies of
""uapolation can be defined ,,'th incmuinll pre.:ision. n.: ratio, ~'ration of
kthal 10 subltthal .ff(C'!s, sucb as ph)'siologicaJ and beha,'ioural effects, for.
gi"en species 'end to be witbin an order of magnitude if exposure COnditions aTe
comp,trabk. The basis for esuapoLation from lestS carried out on a Iim'led
number of indi"iduals 10 tbe effects on populations is 'enuoUJ. The relationship
of labor-llory tCSIS '0 field experimen" i. examined for twO "'ell-Sludied
en"ironmen'al problems: ewheillbinninll in raploral bird' and tbe reprooU<:li,'e
failure of fish-ealing bird. on lhe Greal Lak ....

I '''TRODUCTION

The approach being ,aken [0 Ibis extremely oomplex problem is '0 examine
....·.ral extrapolation, in,'ol"ed Sl.gly and then to lake a prelim"...ry look al tbe
o"erall exlrapola"on from sinaJe speciesles" 10 real world problems. Th. inilial
e"rapola[ions aTe oon.idered under three hudings, nam.ly species_to-species
ex trapolalions, ind ividual-t o-populalion ext rapoLalions, a nd labora10l)'_10-field
eurapoLalions, The term ."rapolalion i' nol used in a Stnet mathematical sense
tlul flIlher 10 descnbc ,0 "ha, extent Ih. 1l$u115 of one ,es, are .'alid under
differenloondi,ions,

."



2 SPECIES-TO-SPECI[S EXTRAPOLATION

Thc n..:cssity for sP<'Ci~'lo-Speci~utrapolalion in assessing lhe impacl of10xic
chcmocal< is obvious. Whilc lhe ""Iimat~ of lhc total numbe:r of spo:;l~ Ii~ing '"
Ihe "arId loday '.,,,y considcrably,lhere is agreemenllhal il is oflhe order ofone
10 'hrtt million, The.e are innumerable examples of problems jn"ol~e<I ,n
extrapolalion bUI a single one will ha"e 10 suffice. Macek and McAlli,lCr (1970)
mcasure<lthe LC,. of Four organophosphate inSCdicid~ for tweh.. speci~ of
fish. The range of lhe acute lethal concenlralion, fo' lwo pr:slicid~ (methyl
parathion and Bayle.·) ,,-as from One to four, "hereas for malathion lhe ralios of
le•• ~alucs w.... o~er one hundred for 1"'0'pccics; for guthion four ratios ,,'ere
0".,- one hundred. three 0'-.,- fi"" hundrW and One 0'-.,- One Ihousand, llIat
"lrapolalion is necessary. is ob"ious; tbe problem is 10 ....... Ihe unoenaintics
in~ol,ed.

2.1 ACUIC ullullily

One of Ibe l.,t. routinely carried oul on n"" chemical. i. lhe ral oral LD, •. A
comparison Oflh. oral LD,• .-alue< For lbe ral and a bird (lhe .rarIing. S'urnus
,uI9""is~ based On lbc ,,'ork of Schar.. (1972~ is sho"'n in figure lao h can be:
seen From ,he dala thaI lbe di'lribution of lD,. ralios is skewed and lhal lhe
,tarling can be: up 10 SOO lim.. mOf< iCnsiti,·c than 'he ra'. How",'." lhc starling
is. On the a,....g•. roughly 6\"e lime< more sen,iti,.. to acUI. oral poisonini lhan
'he rar. The """'lid poinl is lhal only fi," oul of 71 chemicals fall ouaide Iwo
orders of magmtude
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FlJIIro I Speties-,o-.peaes <Om~nSO<l of le,.
,..h.... la. Il«l.,,·,o,..:! blackbord to ".Ii"'1 lb
S"'.hn. to ro' 1< Mallard to ....II[roc

Using Ihe ...me data basc, the ,tarllng c:an be compare<.! with another avW!
paucrinc spccics.the rcd·"inacd blackbird (Ag<'la;~.piIomi<"t'I/j~Again there in
dear ,k""ing of the dIouo (Figure IbJ; the re<.!·"inge<.! blackbird i. appreciabl)'
more """sit"" than Ihe sWling. Ho.. ",·Ct. mOlt of'he ratios fall ",ithin one order
of magnllude and all fall ","lim \"'0 orde.. of magnitude. As would be t>pe<;tcd,
the differe"""" incrca.., a. the ph~logt:nelis:difference incre.aseJ. Using a rather
small data base. a comparison of the acute IClhal level. for the malLord (Ana.
pla,,-'hp"''''''i and the hull frog (Ra"" catrsbriOltai (Figure k) ba>ed on T""kef
and CTlIbtree (1970}. oI>ov.'s lillie pred icti," value wi th four ou, of 16 val ues falling
ou,",dt ,wo ordeTS of magnitude.

Tocker aM Hatgdc (1971) comparal the ool10:OO1}' of 16 pesllcidcs "ilh IU
commonly t..tcd avian .pcci.., In this in..ance the dClcrmination. were made
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under strict prolocols ,,-hich redoo:d >lIri.;lbUit)', iU I r~lIIt it w,u 1;Ort\;!uda! that.
,;>-en lD,o for an)' One a"an species, only one lime in len would lD,o of the
5C<Xlnd untesled species be I.... lhan one-tenth lhal of lhe firSI_ Funher, halflhe
lime LD,. for Ihe second ,pecie. would be lv.'ice thaI of lhe firs!.

Recenlly (Tavil' and Skumick, 1980) have 'hown lhal. for a large number of
chemical>, lhe dislrihution of LC,. valu.. in many aqualic.po::ies lends 10 rake
lhe ,hape ofa pasili>'ely skewed normal Cur....Th~although Ihe difference from
lhe mo.1 ",nsiti"e specie, 10 Ihe median ",n,ilive species may be large. a grealer
difference exim bel"'..,n lhe median dep.. of ",nsilivily and lhe lea'l "'nsili>'e
spec,es_

Crosby., ai, (1966) examining the ,,-ide e.urapolation from Daphnia mao"" to
Ihe ral concluded that. "hile ph~siological. a"'llomocal and biochemical dif.
ferences precluded an)' simple, direcl inlerspo::ies relalion of re>pon .... they
found no insllnce In which a subslln<:e sho"ed Slgnificanl acute 10,icilY 10
mammal' lhal "..s nol also highly toxic 10 DapJtniIJ. The convtrSC. ho",ewr. "'..,
nol In><,

1.1 Lif~yd. Tesl.

Correlalion, bet,,-..,n chronic 10.!Cily values for a >..,;elY of chemlC\l. for
Dap"";a mao""and lhe fathead minnow (PI~phal.s p'o"",las) "'ere examined by
Maki (1979~ Using linear regemion analYSIS he found a high degr.., of
correlalion for deler,.nl" melil. and PCB isomers and a ralher poor correlation
for peslicide formula lions. He concluded Ihallhe correlalion bel"'..,n Dapltnia
and fish ,o.iclt~ valu.. also ",rve< to demonstrale lhat aqualic ...fely dala
dC'o'eloped for lhe prOleclion ofonerrophic leye! may similarly e.lend 10 include
represenlaliVC$ of a higher I..-el'. Plollinillhe dall presenled by Maid .. ralios
(Fillure 1) one find. lhal over o.....lhird of lhe cases fall ou\Side one order of
magnitude and ,hr.., cases (11 ~J outside 11m orders of ma&llitude. Thi' ,ullf;CSts
thaI the uncenainlies of e>trapolalion are considerable. Of mleres, is 'hal in all
thr.., cases which fall oUl,ide lwO orde.. of magnl1ude. lhe chem....1> are mo,e
toxic 10 DapMiIJ.. .upporting Ihe earlier conclusion of Crosby <l al. (1966) lhal
DapluJiIJ are good as a "..rnmg S)'$lem_

A comparison oflhe Maximum A"""Plable Toxicanl Concenlration (MATC)
based on survival and effecls on growlh and reprodllC\lon of",veral 'JI<CICS for a
f~ c""mical, has beer! made in a seri.. of reporls by Macek ., al. (l96lla.b4
These diu are .bo"-n in Table l. The degr.., of >'llrlalion is surprisingly srnaIl
bet",..,n fish and In>'enebrat...

More recent compilalion, of MATC values for a >..r;ely of fish spec,es and
daphnids "'ere publish«! by Kenap (I919) in "hich he concludod 'there i' no
con,i"enl panern of MATC , . ",dues amon,an chemICals and species' and lhat

__ e.cepl for c1os<l~ related organ;,m, or chemical>, lhe MATC .bould
preferably be deri>-ed ..perimenUllly USIng Daphnia life cyclcs or fi.h crilicallife
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.tages, paniallife~~k lest. Th= setmt:d to be on<: exception 10 th'S
concluSIon in K"""ga'. paper ....here he calcul101ed the oomlal1on bet,,·..n
Dophnio and fathead minnow MATCund found an " ..lue of0.76 for a ""netyof
chemical .tructures. He found an ..en better r "alue (0.98) with dO)Sl;ly related
chemical strUClures,

One of the problems "'ith use ofcompar.It;"e toxicoloiY $/lUiSlies publi.hed to
date has betn due to the approach of computing median estimates of unknown
datum B. J"'en experimental dalum A. The estimate for datum B "'ill be 100
high ,n half the cases. No regulatory official ..,.hes 10 a=pt 50'. odd. of
underestimating lhe risk. We sUi8est Ihal a ,'cry useful eslimale of MATC in
unlesled .pecies could be obtained fTom real MATC dala for .pecies A: onewuld
.tauSlically de"'-e an ..limale of lhe MATC for species B ,,-hich "'ould only be in
error on lhe high side, say. S·. of lhe time,

2.3 Ph)'.ioI02kal Ah..OI;oo.

The elfects ofchemical. can be found al "arious organizatiollllll"'el,,, molecular.
cellular. ti"ue, organ... hole anImal. In general. the degr... of phylogene1ic
' ..rialion increases going from the molecular to the ,,-hole animal while at lhe
same lime increasinilihe applicab,llly 10 the real ,,-orld situalion. Studies On the
elfect of chemal. on ONA could h,a"e rel"..nce throughout Ihe planl and
animal kingdoms. ",-her...s errecls on thermoregulation ""ould apply onl)' to birds
and mammals. One of the "ideot pb)-logene1ic extrapolalions '. the uS<' of lhe
SnJmo~t(Ja slrain of !lal:leria 10 assess lit<: mutagenIC potential of chemicals as a
",rcen for human health errects (Ames, 197n While this lYpe of =nlOg has
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ob'ious implicatiOns for human heohh. us importa,..,., to e''''ironmental
problems, ,,'here one n concerned with populations rather than 'ndivi(lual<. hu
nOt bun establiShed,

Hepatic microsomal enZ)'me s)'..ems ha"e been u>ed to eumine fo' the errt<'t<
of a "'ide 'll.riny of ,enobiOHCS s''''''' th<' finl disro,~ry of the" induelion by
chlordane (Hart tl 01.. 1%3~ Induelion of mixed function oxid.", (MFO)
enZ}'mes is a defe""" mechantsm to render foreign hpid-soluble malenals more
polar and he,..,., more r...dily excreted. There is no cleo' link bet"'..n the degr..
of induction and any ad"ef1< physiological err"",. The ,·ari.nion of Ihe act,vily of
some: of these enzymes 0''''' • range ofcia.... ofanimals is shown in Table 2. In
general. Ihe activities are highest in mammals and b'rds and deer...", in lower
form•. Walke' (1978. 1980) r...-i<,,'ed the relati"e acti"iti.. of epoxide hydrata",
for vertebrates and concluded tha' the degree ofenz)'me acti",ty closely foUowed
phylogenetic cliwification. i.e. mammals> bird. and amphibia '" fish.

Walker (1978) found an ,n"""" correia lion between mono-ox)'gen.o.", aeli.'itits
and the half·life of xenobiotic!; metabolized by Ihis system o"er a range of
"ertebrate species. He considered Ihat en"ironmental ..udies "ould be aided by
this approach since it "'ould allo'" for the idenlification of species delici<nt in
MFO acti"ily "hich could be al ele""ted risk d"" 10 decreased abilily 10 e.crete
tOxlClntS.

) INDIVIDUAL·TO-POPULATION EXTRAPOLATIONS

In extrapolallon from single specl" t..t results 10 expected ecosystem effects, one
'lIriabk to consider i. the ratio belween e.posure l...·ds which ...= lelhal arid
sublethal errects. Though an exposure may be sublethal it could lead to
population redllClion iflhe .....pe behavionr from predators Or reproduction are
alfected. for example. Tucka and Lcitzle (1979) argued thai sUblethal elfectsare
unljkely 10 OCCur at less than one-s;'lh of the exposure Ie"el ,,'hich caused lethal



c!To:\1$, This hyjlOlhesls (ellds 10 hold if one eliminates from oomparisons aU
"ariabtesl5uch a, duralion of exposure) na:pl endpolnl5 beIng conslde'ed.

3.1 ExITlpolaliOll from ACUle Toxicil"IO Lir•..,,'cte T..ts

The ,impttsl extrapolal'<lu <If &<:Ule ttsl 'esults l<l tife-cycte tests is l<l incr....'" lhe
lime axis, A pt<ll ofsun'i"allime againsl ooncenlrali<ln <lr DOT f<lr ralnoow 1'<lUI.
Sol"'O goirdn.,.i. is sh<lwn in Figure 3 (Abram. 1%1~ Th;1 type of plot can be used
10 extrapotalet<l infintte lime and lhus gi,... a minimum figure r<lr lhe effect of
chronIC t<that exposure

f<lr populall<lnS'1 may be <If m<l,. mlere1110 took al monatilies mhe, lhan Ihe
"andard SO\ usod in LD,n and LC,o eslimales. The tnterretal;<ln.h.ip belw'...n
,un-i,...ltime.ooncentralion and monality i.show'n diagrammalically in Figure 4.
The m<lnat,,)' lhal cau~ Slgnlficanl POPUIOli<ln effect, varies greally, depending
on such ract<l" as 'eproductive POlenlial, age al fi"l breeding. etC. The time
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required for doubling of. population can ranll" from decades f<>r large mammals
to hou.. for ai&"", There is an inherent sUlb;lit~ of populations. Under nalural
condition. "ea,')' an animal population. fluctuate i"egUlarly be' ..-een qUIte
restricted limit •. Thi' oomparati'-••tability of population. is ,xmsidered 10 be due
to COnlfolhng fac10" which ar. denslly dep<:ndent (s«. for .umpk. ud. 19>1)
and Ih'" an effect a, one poim is compensated for at anolher. llIe ability of
populatlon< '0 ....ilh.ton<! hU,)' mo"allly has b«n f",,<utntly d.mons'r:ated by
,h. fa,l"r. of mo,t con"ol programmes for pest spook's. for <.<amp!<:.....ood
pilwn in Gre.t Britain (Murton. 1965),

The fore't ,pra}';ng prollramme in oa,tern OInada for the control of 'prue<
bud"'orm (Ch",.i.I<>.....'''jwnij..'''''') ha,!><en the larll.,;land lonjleSt programme
ofchemieal control of .....' •. From 1952 to 1981 ~entttn million kilogram. of
pe>ticid.,; wcre u>ed. In 1975. 1,9 million hectares "'ere ,pra}'cd in N"",' Brun''''ick
and the mortalily of0.... 'flCCIC$ or$Ongb"d. the rub~""ro",ncd k,ngl<t (Regulus
,,,I.lldul,,j "'os .,;limated to be close 10 four hundred IhoUS<lnd. This ",a, due
larllely 10 lhe use of an insectiClM. phO$phamldon. hIghly '0.1<' '0 bird. and IhU'
the mortality was nOltyplCal of Ibe emire operation 0"'" lhe yoar.. Nevertbeless.
11 " .., concluded (Poaree and Peakan. 1977) tha' 'after a qua"er ofa <:tntury of
spray operauon.. both 'he rubl-a-owned kinglel and Ibe 'pruce bud"'orm are
al1\'e and lI,ell in New Brunswick' The best documented caseofdamage caused by
foresl 'pra}' programmes has been on Atlanlic salmon (S"I"", ""I",) (Elson, 1967:
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KecnltJ~lde. 1%7). DDT al 1{2lb/acrt C3used a 'Kl-98 \ red\lClion ofund~I)'ear.

lings.. 70\ reduelion or 'mall parr and Yl•• re<!uelion of Iarg. parr. Salmon
numbers "'.... rodllCOd-, bUI dra'lic effOCl' on populalion. ",.r. mitigale<! by Ihe
fmlhal lhe re<!ueuon of younll in anyone year ",as .pread (l>'" se'-.nll }'ears of
relurninll aduhs, Ho"".,.'er, .prayinll in ."""""i,'. }'ears ",ould break down thl'
resili.......,

Canton and Siooff (1978) ha". oompile<! Beul. and chronic 10xicily da'" for a
"ariely of chemical oolllrol tests apinS! a .'ar;ely of aquallC orgam.ms. The
distribulion of Ihe ralio LC,<>ichronic nlH:ffOClIe.'el for 77 caSt< WIl$ as follo"'"
f....·.r lhan len. 37.7·.: I.n 10 one hundre<!. 4 LS·.: on. hundred to a lhousand.
IS.6·.; o".r a thousand, S,2· .. The ""01'$1 cases listed ar< sodium bromide for
Daphnio ""'IIna (IOYl~ toxaphene for Chi'onmn.... pi""""", (I SOO~ lead for Sol".,
gol'dneri (393(J~ and guth;on for Plmtplullr, promrl"" (S76O), None of th.", four
ca... a'e rec",de<! in the open lil.ratur< SO lhat delaile<! .,-aluauon ha' nOI been
made. U,inSlhe ..r.t}, marllin of one hundre<!. some 20'. of Ih.... oompound.
",'ould exceod th .. Iimi!. The lin ofoompound. i. at}plQl for chemicals g.nerally
as Sludies are nol normally carried oul unl... some problem i. expecte<!.

3.2 EXlrapolalion of Ato'e Toxicity 10 Bob,'jou.al Chanllell

Th. ad v:lnUlges of using boha"Iout'll changes to $I udy the effeeli ofch.mIQI....-u
pUI forv.-ard by Warner rt <>I. (1966) at the N.A.T,O. ,ymposium 'PeslieidO$ in the
en'1TOnment and lhe" effOCl on ",ildlik (Moor., 1966~

The follo",inS ad...ntallO$ ",ere Ii,te<!,

(1) Beh...iour of th. organi,m r.pr.",n" lhe final intesrated result ofa di,'ersily
of bioch.mical and phrsiolOiical p.ocesses. Thu" a ,ingl. beha.';oural
chanS. i' g.nerall)' mor< comprehen,i.,. lhan a physiological or biocbemical
chang•.

(2) Btha.,iout'll pall.rnsa•• kno"'n 10 be highl}' sen,ili.'e 10chanBO$ in l~ steady
Slal. of an o.ganism. nils sen'lll"ity is One of the key nlues for it~ u'" In
.xplorinB .ublelhalloxicity,

(3) Bthaviout'll measurem.n" can u,ually be made wilhout direc1 ph}"sical harm
to the organi,m

Whik 1~ firsl criterion is reasonabl•• il i' hard to .,.-alual•. The a,h-antages of
th. lhird cril.rion a'e mo~ appar<J\t ,han real. On lhe .urface, it i. allracli"e to
have a non-dO$tfllCl;ve 10$1. hUI al the end animal< exposed 10 a chemical cannoJ
be used in anolh....perim.nt and are Ihu, saerll\ced.

The sensili,ily ofbelia"ioural changes as an ind•• ofen,ironmenlal effeelS can
be mor< readily .,.-aluale<!. Warne. e' <>I. (1966) lidate<!tbeirappr"""b ,"tng lhe
effOCl OflOltaphene on soldfish (C"'<Wi.... DUrat ~ They found chanses in se"eral
beha,;out'll respofl$C$ al J.8 1'1/1 and a lesser degree ofchange at 0.44 ..,lI/I. These
value< may be OJIlIpared "ith a %-hour median l<IIerance limit of II /41, Bivinll a
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KTlSit,,'ily factor of 6-25. lshio (1965) delermintd the ralio bet"'cen the
concenlration requIred for 50'. a"oid;once frequ.ncy and lhe lo,.-es, lethal
concenl1'll.1ion in fish and found lhat lhe ratios ""ere small (0.46--2.23) for nine
chemicals lhat ht 'ludied.

Kreitzer and Helltl: (1974) in"<'$up,t<! the effect of ",,'.ral ch.rnials On the
avoidann< response of youlli qua~. lbe results. compared "i,h LC•• Y;11aes. are
&i'-en in Tabl.3- Companson ofa ralher mod.',I...·.1 of a'-oidance (10-15°'Jto
$-day loxicity values giv<'$ ratios of 10-20. Correction for th. length of the
beha'ioural Study as compared ""h lbe loxicity leSt would reduce this raiIO. HIgher
ralios ,.-.r. oblained by Kreitzer (1900) studying the eff"" of 'ox.ophene and
end'in On ,he dl",riminalion ahili'y of bob,,-hi,. qua~. bu' the lack of dose
d.pend.nce makes these studies diffiouh '0 in'erpr.t

Tabl< J Compu;son 0( dosa~ 0( 'bemals QUWI, til-IS".~ of
a.<>ida""" response 10 ~y tc.g in COl",ni, Quail ch",k.

"""'~ Dooaf<. 8 day< ppm te,... l--da~ ppm ROlio

Arodllor 12S4 ,., "., 14.~

C......nM , '00 00.
~ " '" 14,0
D;old"n , " II.S
End"n ,

" •••
DDE .. ¥l PI"" (LC.. l)¥l ....'kJl hao! "" ~pd\o:&n1 "'-o<l. Art'" K"""" and l-kml.
191~ H..tb '" 01. 1912.

Ap.an from ...nsiti,i'Y. ,her. i. ,he question of imporlance of hehavioural
alt",",,"ons to Ihe su.,;,,,l of Ihe Individual. II i. hard to ..."Iual. the significance
of alt.ra,ions in discriminatory abilily. The efT....s of OS'oidance response are
more oln-'ioWl but still difficult toquahfy. Deoreaseof IIC$I a',cnn"",nessdueto lhe
prcs<:nce of 10';0 ohemical' ha' been demonmalt<! for th. h.rring gull (Letr""
o'gcnlOI"") in lhe Greal lak'" (Fox" 01.. 1975~ Some $luches have been made of
lhe elT"" of sooh all",",,'ions on r.productiv. suocess. In Ih. dunl;r, (ColidrlJ
olpillO\ a reduclion of less lhan 10". in altent,ven"" roduoed hatching sucoess by
morethan 2Q °• (Norton. 1972). A redoolion in anenti'·.n.... resullin, in a 1.2'C
decrease in mean eg t.mperalure of rins do"'" (Slrcp'Op<!lia riJ<>rio) ",-as
respons,ble for a 33 \ decrea'" of hatching .uccess (Peakal1 and Peakall, 1973).

While behavioural all.ralions are a yaJuable tOOl fOT e~am;ninlth. elTeet' of
ch.micaIs. lhe "'l1$Ili,'"y of sooh melhod. does ~01 appear to be veater ,,,"-n
bioch.mical or physiolollical chanllC'. Thc significance of behavioural alteration.
rna)' be ....ie' 10 assess ;n terms of impacl on the individuallh.an are bioch.mical
or physiological chan~es bUI they are oft.n more difficuIt to measure and
quantify_
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3.3 Extrapolali,,", ~f Acute T~:\K:il)' 1~ Ph)siolOlinl (baDll"

Biesing•• and Christenson (1972) ha.e rompared for 19 metals the acut.lj' toxic
roncenlration. for Daphnitl maglla to roncentralion< required to cause 16·. or
50·. r.producti". impairmenl. lbe ralios for all but one metal (tin. rallo 28) ....ere
1m than ten for 5O·.lmpalrm.nt and for 16·,. Impall,nenl rou, .xceeded I.n
and on. (tin again) .xceeded on. hundred. Thus. despll. the ....id. rang. of
concentralion. for acut. loxicily (S-l X(llXX:I !'&~~ the ralios of concentrations
for acut. and chronic toxicity are quit. modes\.

Th. indllClion of mixed fuooion oxidaso (MFO) .."zymeo is a sonsiti'"
indicator of the presence of pollutants, This .)"tem is quit. diff.renl from most
ph)"iologi<:a1 mechani..... in lhat lh. MFO function Iw; to be Indoted by
xenobiotics ""hereas mosl olh... fUl\Clions ha,.. feedback mechaniSJm 10 mainlain
homocostuis. It is. th.refor•. ~Ot surprising lhal th. rallO of acUlely toxic
concenuations to concentrations causing a phj..iological elfect ar. rather Iarg.,
for tb's sytem, For ...mple. 2 ppm of d,.ldrin (yf 10 ppm of DOT Induce Ih.
MFO acti.ity causing a 3-4 fold increase in lhe rat. of hydrox)'lation of st.roid
metabolism in pigeon, (hakall. 1%7) which can be compared ...ith s-day LC"
'4luesof 37 and 311 ppm. 'e<pecli""ly (Healh or aL 1972~Th. MFOs)"tem hal
been proposed .. a monilor for petroleum hydrocarbons in fish {Payne and
rancey, 1982) and for diOXins in gull Ii" ... (ElI.nton 0' aJ.. personal com·
municalion~

3,4 Enrapolalion of AnI< Toxicity 10 HiSlop.lhol~ic.1 EfreclS

Tucker and l,(itzke (1979) slaled that th." conclusion and Ihat of mOSt Other
r..i.....en ....... lhat histopalhologi<:a1 effects of pesticide< on fish and w~d~fe are
generally non-specif>c. Mor. specifically. lhey concluded lhal palholoJ)' i, a poor
aid tn Ihe delermtnation of "'''''hernial mod. ofact;on and in the d.t.rmtnalion
of the cause of kill. in the fi.ld. and lhal palhological findtngs ar. 001 as good IJ

ume--\ox;",ty cun'es in predicting chronic elfect..

4 LABORATORY-TO·FIELD EXTRAPOLATION

•. 1 Sensili,ily of Lallor.l~ryStroillS aad \\ lid Slr.11It

Any compr.h.nsiv. discussion or laboralory_to.field .~trapolation would
.~eeed Ih. scope of Ibis 't''ie.... N.".nh.l.... a f"",' k.y principles can be
imrodoted. fi"l. in order to .~"apolat. from laborato')' data to fi.ld .ffecti on.
mUSIlax. into accounl man)' consid.ration, "hich can be fonnulal.d ... foUo.....:

(I) lh. degree 10 "hich the innal. sonsill"il)" 10 chemicals of ,,-ild >II'ain. rna}'
diffn from ,.ste<llaboratory <tOCk;



(2) en.';ronmental vuiable' ,,'hich may alter Ih. ultllIUUe eff(:<:t on the
population;

0) e~po,ure ...riabl.... hich rna) all" Ihe COmaCt ",lh and uptah of the
chemical

McEwen .1 at (1973) 1I,'I<,d th. sen"hVlty of pen-reued ring-necked
ph.as.am, (Phasiamu coichi=) apinst wild-trapped "fain,. Laboratory and
field oral LD,. d'lermination, "'ere mad. by Ih. same method,u~l't that in ,he
field .~penment ",ikl-uapped bird' " .. re filled ,,"h microtransmiuen and
",I.ased to Ih",r habitat foUo,,';ng oral do"n1- R..uh. showed that tbere was no
"gIlllkam diff.rell« in LD,. bet"'een lhe laboratory and fi.ld ,.St$.

WIld_trapped Daphnia mDfIna from Ibe Tule Lake National Wild~fe R.fug. in
California in 1%4 produced 26-houl LC,. valu., n.arly id.nlical to those
d.termmed with a "ram "f D. magna removed from natural waters ,'11« 1915
(Tucker and Crosls). personal communICation}. Thougb there bave been
InstanCC$ In "hich nam'e WIld ,tlalns of fi'h or m"ertebrate, bave become
r.>i.lam to jlOnicular pesticides, mo,t of Ih. dlffer.nces oe<n bet"'een laooratoT,
aod field aSU)'$ un be a"nbu,ed to en\1ronmen'al ,.. nobl... which aher lhe
contaCl ,,'ilb and uptake of tb. ch.mlcal,

4.1 EXlrapoluion rrom Constanl CO.....llru;oo. 10 F1IKtuaiing
COfI(:tnlTations

In mos' routine aqualic tests the colKentration of the chemical is held consrant.
In the .nvironm.nt, the cOlKenrration may f1uctua,e if tbere " a pulse source of
poltUllon OT th.... mily be a rapid decrease of COlKentrat;on aft.r a single
di",barge

Abram (l %7) stud,ed 'he .urvival ofhaflcquin fish (f/J;J:lxJra IItleTomo'ph<» 'n
f1""tuating COII«ntrat;nn. of pesticides. In hi. e~periment the fi'h were uposed
alt.mat.l) 10 a ii>'.n coII«ntration ohbe pesticide and 10 clean wat.r for 5_hour
penod•. ral"d changes beIng a'·old.d, r.pla~m.nt belni carried OUt on a
«m,ranl flo'" ba.i•. Abram found tbat tbe LC•• (7-day) was LS ppm for
C<>1\,rant conc.ntration ofan organophosphate comjlOred to .. ppm for f1uClual
ma concentraliOn>. Th. corr.,ponding figures for DDT w.re 0.006 and
0.012 ppm. Abram cotUldered tbal lo~;city under condilions of discontinuous
uposure tended I"",..rd thaI e~pected from Ibe mean concentralion unless tbere
"a, rapid mortality at the h,j,hesl concentration, Th" conelu.ion i' ,upponed Is)'
studIes on emum.. (Alaba5ter and Abram. 1%5)

EJlperimenral ~va.lu.ahon ofdecreases in concentration that would OOXur. oflen
rapidly. after a .ingledi",barie does not appear 10 han been ....mined in aqualic
toxicology, How"'~r, the mathematical ba'i' for .uch studi", «i'I' (Bull~r.

1918),
On. Can conclude that, ,,'hile ""ide lluetualion' of 1O~;cantconcenlration. can
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be e~pemd both "'itb respect tQ time and space. the ability tQ model these
changes eXlSIS,

4.3 E~lnpolalio.10 Oll>cr Ph~cII \'aliables

A qucslion lhll Ihe e.'alualo, oflhe impact ofloxi<: chemicals race, i. ho'" lhe

roXlOTY ••' 'It...."",,"'.

'0 ,

" zo " ,.rrMF'O""'..... 'C
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IC<O''''~_)
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Fil"re S (.) Vamuon of 'O>.><lW of DDT '0
lklphni<J ..i,b 'emperalure R<prod"""ll by perm...
>ion of Perpmon Press l'd f,om C,osby " aI
(1%6) (b) Van",on of toxk"y ofTnchiorfon '0
'a,nbo",' "oul ",'j,h pH Rep,od_ by pernnui""
of ,be Wa..' Pollutoon Con",,] F<d<T.,;on f,om
Abram (1'l67)



- .. ---

5;"I}1, 5p'c~J 5wdkJ 10 Pop~/atio",. CommlUlj,~, and &"'Y'lmu 625

dola generaled al "ne lemperalure. or "ilh specific phy.iochem;e;,1 charac
lenslics of "'aler. apply 10 a , .. riet) of environmemal c"ndilion.,

An ob,',ous variable is tempera lure. The elTeel of loxicily of DDT 10 Daphnia
magna (Fillure Sa)...-as found to be hipl)" sen,ili"e 10 lemperalure (CrO$b) "01..
1%6). In lhis c;Ue. there "as a SOQ-fold mCrea.. ,n lOX"'''}' for a .,,-degree ri.. ,n
lCttIperalure, Wb.il< DDT had one of \he mosl marked I<m.peralur< dependences,
mosl of Ihe II compounds lested had targe tempera'ure <oeffic"n,s. ahhoullb
one ...-as nept"'e, The.. "'orke", concluded lhal discrepancies in exiSlinlllOxicil)'
figures for Dophlf;" may be due pnmanly 10 temperalure ,IT"".., Similar findinp
h",'e been reported by man) "'orke.. for fish (Tucker and leitzke, 19'9). In
...-ann.bloodN animal. lhe problem of temperalure can larllel)' be illnored.
althoullh cold Slreu rna) some",hal increase Ihe toxici')

The pH of ...-ater can a.lT""t 'he 10X'CI')' of achemical and a c1ear-eUl example is
ploued 10 figure 5b. Olher examples are cned in Tucker and Le,l~ke (1979).
Kn"'" ledge of lhe physical chemistry (pK.: rales of hydroly"s al varyinll pH) of
the compound rna)' al1o.... reasonable prediclion of loxicily chanlles, The e!f"'" of
Waler hardn<:S$ has bc<:n exam,ned for 'he 10XICily of .."eral herbicides 10 fish
(JnsJi, and Da'is. 1972) and found 10 be neglillible

4.4 Diff"""",. In Ex,...u,. Vatlabl,. bol.....,. 1M Laboralory .HI'"
Field

Phyli<ochemical ,'ariables "'h'ch can e'lCmi"ely alter the outcome of field
exposure are 100 numerous 10 be documenled here, Ho"e"... there are ",me
,'ery interesl,n"n"ances worth special nOle. The T uk Lake Daphnia, ment,oned
before. "'ere found;n a health) 5Iate in ...-aler ,,'hleh conlained o\'er 1.0 mill in
suspended and d'l$(ll'"e<! DDT. ThIS conlraSted vi'idly ...-ilh lbe laborat"r)"
deri,'ed lC,o of onl)" 4.4,<1g I (Crosby" 01" 1%6), The rea",n for this gr""
di><:repallC)" "·a. lhal all bUI 0.1 ,<Ill I of lhe lak, DDT ""lI' bound 10 suspended
o,.,.n,< panlCulales groaler than IS micron. in diameter, DaphnitJ are unable 10
ingesl .uch Iarlle particle.

A"a,lablluy of lhe chemICal accoum. for mosl dilTerences obsc"'ed bet"'""n
laboralory and field e!feell. Factors such a. lemperalure. pH and ""liter
hardnes,. can accelerale 0' ,mpede chemical losses. Panilioning of lhe chem;e;,]
may mcrea.. or decrea.. its a'·allabllily. Resu!!. obto,ned "'lth eonSlanl
cOllCenlralion exposure. used ID lh. labaTalOr} contratl ...-jlh rapidl)"' changing
conoenlraUOnS oflen n In the field N.,.'erlhe~ ... lhere IS a surpri.ing Mgr.., of
prediclabilit) betw IaboralOry and field errec.. ,,'hen lhe many raClors are
laken ,nto a"Ounl, Kilb of "'jldlife by granular pe'liCldes (e,ll.. kills of wate'
fo,,'1 b)" llranular ca,bofuran ID Bnu.h Coiumbia. NRCC, 1979) and seed
drcsoinp (dieldrin coaled seed. in Ihe UOlled Kingdom. Tunit. 1966) ha,-. been
predicted from the basic lO~lcit) dala of these materiab, 5c\'eral )-.ars after the
decision 10 ban DDT. 'he US En,'"onmenlal PrOlect,on AgollCy published.
re\'iew ofthe SCIentific aspecl1 of lhe deei'ion. The report lI"...e ne'" data sho"'ing
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llull popll~licn, began 10 m:o\"tr as m'dues slaned 10 sllbslde (EPA, 1975),
lhu. to~finnlng lh~ COrrCClness of ea.h~r ri.k a.....'meJ1t. i~ one of lhe mo51
complicalW field e"rapol.,ion, of our lIme.

5 OVERALL CO~II'ARISONOF LABORATORV A:\'O FI[LD
EXPUm[:\TS

5.1 Techniques for Toxlcologioal Field Slltdies

One ohhe ,;mpl,,' awrNehe, 10 eon"enlnslaboralo,y .Iudi.. mlo field 51udies
i' 'he uS< ofcaged annnals pUI 1010 the area 10 be examIned. Cased fi'h "ere used
'0 Ihe ..udie, of the eileen of DDT on "'lmon (K...."ill and Ed"-...rds. 1967),
Th;, lechnlq~enables u',o a.....s" II<:lll<:r field ooodlt,oo. eau$C aculo mOrlahl)'
10 Ihe le51 orsani.m, bUI do nol si"e indiealtons or <cosy'..em, IOxicil;. By
increasing Ihe "u of lhe cage ,t "poSSlble 10 >Iud)' ecO'ystem effec's. F1e:uble
pla'he column, ha"e been used '0 enclose aqu,..ic 'y'tems ,,'ilh .."eral"ophie
le"el' and are capablo o(su.,a,ning 'he popula"oo of tho hlghesllroph,c b'd
under 5ludy for al lea" one life cycle, [nclosures "'ith a "olume of 1700 m' and a
deplltnf29 m ha... b«n des,gned(Menuland Ca$C. 1971). These sy"emscan be
used 10 <lud;- pre..:xi",ns problems in Ihe aqua,ic 'y'lem or 10 add \mo"'n
quan",ies of loueao". E"en willt a \arae 'I <lem lll<:re are difficull,es becau.. III<:
00'" ofnulriems i. nOl,he ",me as in lhe ~a,ural sy5lcm a~d ,he ellects of\arge
predators att also mi,';n,.

field Inals are a ",del) accepled ,echo,que for leshog peslicid... There are
.."ere hmila1l0m 10 ,he", <Iud"", for con,plCuou" comparali,,"ly ea.ily
con.used orpnlSm...uch as birds, monaht;' can be masked b}' ttplaccmenl"nce
piols are small compared "'th \he mobilJ')' of birds. food..,hairt effocts can be
masked by feedinS oU15ide ,he >ludy area and 'eproduction and O,her emical
effects arc rarely studied. For Ollter segmenlS of lhe eco.ystem 'uch '" non·'argel
lnSttls. lhcre are othcr problem,. Cen,u.in, i. difficuh ,,'here lhcre are "'ide
flUCluation. of 'normal" population Inds, for !'C',;c;des tho ~'P«'led ..po'utt
le,..1and mode ofexposure of the en""mmenUre kno"'n, Th" i' nOl,he ea$C fo'
'ox", chemicals '0 seneral. nor i' "feaSIble or d..,rable Inconlaminalc ".-ide areas
for field lrial. c""ept undcr c,cep'ional e"eumStaneeS

Some techn,ques h."c betn dC"iscd In hmll lhe amollnl of lhe loxicant
ertte"nG ,he en"ironmen', Enderson and Berger (1970) Sludled 'he effecr of
d;eldnn 00 pUino fakon, (Fako mi'xiconJlS) b) lethering dieldrin·loaded
'larhnp "'i'hin 'hclr lem'OI) The 'echnlque "llS successful '0 delt"cnog Ihe
lOX,caOl 10 thc ,.rgct but lhc result, ",e", confounded by lhe presence of hIgh
I..'cls of DDE in lhe falcon•. Thi' findinl poinlS 0111 one of lhe djf!icllhie. offield
c,perimenl$, that 'hc 0'll"OI.m mal be ,uffic,erttl}' conlarnlnated ","h o'ber
10xicanlS 10 make Ihc assessmcnt of lhc re,ullS dIfficult nr impo"ibl. SurgICal
Implantalion of PCB, ,nto wild puffin. (FrtlIUCIi/tl a.ctictl) "as .="fully



~rriN out by Hams and Q$born (1981) .nd the deslrN "SSLl<' Ie"els wee<
ach,e,"td

5.2 E...'ir....mu••l V.rlablH "bkb Afr•.,. tho Popululoa Outeo",.

At the Kern Re"'arch Ae<a of the US Fish and Wildlife Se,,·icc:. records .ho"
"'nral Instances "'here OI'raeod and copc]X>d populatIons rapidly exploded to
fill ,he ,'old caused by kIlls of daphnld populations in alkaline ma",hes, Within
days the daphnid population. also reco>cred follo..-;nll u'" of shon·h>-ed
tn$«ticldes. In 'htS< tnStanCes the l<mporary loss ofan Important link ,n ,h. fish
food chain (D<lpJuriD) "'a. ameliorated by ••pan$.ion of all<rnati,>c fi,h food
organIsms.

On ,h. o,h.r hand. los... of .Io..··to·r.produce speci•••uch as .agle. or
salmon may be made up slo"ly. If at aiL Wha, is ,mplted heTe IS tMt, thouJh the
initial .ffO(:t on a population may be "mllar to that.sp<n.n«<l in the laboratory,
th••illn,fieancc: of the .1T000t o'·.r Itm. is Ited to th. potential .nd r.pidity of
repopulation ofth. panicular .pe<:ies .. hich ....s affO(:ted 10 Its natural "'ttinll, In
order to und."'tand and predict fi.ld .1T000,s on popul.tions .... must ha,'.
kno"·ledg. of natural nataht) .nd mortaltty rate<. H""ny' (1972) pro.'ided ,uch
data for many' Common avian 'pecIc<; ho,,·.ver, Iif.tabl., are lackinll for most
"'ild ,·.rt.brat.s,

5.3 [stnpolation fro", Pby'siol"llical Cbonges to Population Cbonlles

The extrapolation from a d.monstrated physiological chanll' und.r laboratory
or .,.-en controlled fi.ld conditions to a meaningful as",ssment ofthe impact on a
populal1on is d'fficult. lit.rature i. full of comm.nts like 'our data do indicat.
that small amounts of could reduce eapac,ty for loni·term ,u""'al'
ahhoullh f." ca",s ha"e bun documented, Thi' is more than likely dLl<' to the
""y small number of profess,onal field in"."il"O"" The bes' docum.nted ca'"
offield effects is ,h. effect of.ga sh.lI thinnini on the population of the perellnn.
falcon (Falco puegrinus). Cad"s (1968) summary is "orlh bearinll in mmd

·Thi. remarkable record of f('I,l,eocc by a fakon popula,ion to d,rC<"l human
deprNalton stand' in .uch marked contrast to ,he current, w,despread loss
in numbo'" of br«<!,ng P«.gnne falcons as '0 .mpha,ize once .gain th.
'11111 In,idious nature of th. agent ""pon"ble for ,he P=gnne falcon',
decline. Down through 'he cen'uries, not all ,he falcon trappers, eill
collC<"lors. War miniStrie' concerned for th.ir messenger p'geons or mts·
gUIded lunmen ha,'. bun able to effO(:t a sig",fi~nt reduetlon in the
numbo.. ofbrecd,ni falcon., But ,he simple laboratOrl trick ofaddint a f....
<hlonne molO(:ul.. to a hydrocarbon and the massi"e .pplication of Ihi.
unnatural ~la!05 of ~Ilcmicals to the .n,ironment can do WUt none of these
other llfOSS«, seemmgl)' more harmful atents <onld do',
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lbe ~hrODOlo!) of Ihe e!£ ~he\l thioning ~IOT)' is outlined in Tilble 4. The first
observalion, "hicb on rclrospecl ",as related, ",as that of ,ncreases m tile
incidence or broken ew in e~nes bl lbe early 1950s_ Th< major lind Lng lhal
focused auenlion on lbe problem "-as lhe unp=rdemrd populalion declines.
Th< pallem oflhe explofallon oflhe problem shO",slhallht lindm,. in e>n. area,
10 Ibis case lb. Brilisb Isl.s. "-as rapidl)' .,panded to olher af.as. E'penmemal
studies follo"'rd ",b,eh relaled lbe cause Ie> lhe .ffect and p,npointed lb.
mecbanism (not .,amine<! in delail here; the rer.ren« gi,ow is 10 ,UuS'ral. ,h.
in,-esliption. inlo lbe subJ«l) and 10 r.la .. lield in"estiptions 'e> laoorale>ry
slUd'es_

Comparal;'-' slUdles (Tabl. S) ba,'. mdiealed lhal ,his pre>blem "'ould not
ha". been predICled by 'tudies on th. commonly used laoorato')' species, wilb
th. possible .,ceprie>n ofth. mallard (Tabl. 6), .von if m.aSurem.nts of .ggsh.n
rhmninll had been carried e>ul al lhe \lme lhal DDT "-as being I..led

Anolhor major .n.,ronm.nlal problem caused by 'e>'ic ch.mICals ,,-as lbe
reproductive fa, lure of fish",atinll birds in the Gr.at Lakes of Norlb Am.rica
during tb••arly 19701. The data accumulale<! in Tabl. 6 is an au.mpl,
admutrdly based e>n h,nds'&ht. 10 look allhe a"a,lable ..penmen tal data and a
real "'orld .n';ronm.ntal problem and sec 10 "'hat .xtont "'C migh' ha,'. been
able to predict the probl.m.

1I appeared that oolh beha"ie>ural (or extnn,,,,) .ffeclS and dll'Cct embr)'on",
effecto (intrinsic) "-cr. in"oh-.d in the failure of .ggs to halch Based on
expenrnc:ntal studIes. ne"ber dleldnn ne>r m,rex we>uld appear te> ha,'. been
pr=nt In suffici.nt quantill to cause an effect unless SClm. markrd species·to
,pecios variation "'as in>ol"e<!. PCBs alone caused behaVIoural abnofmalit)'
suffic,ent 10 .,plain the markrd e,uinsic eflect bUI not the marked Inainsic
effecl. T"'0 pomlS of diffcr.n« in .xpenm.ntal des'lJI bot"ttn lbe "udy ... hlCh
demon,traled lb. marked ..trinsic eflect of PCBs on ring do,"s (Pcakall and
P.akaH, 1973) and standard labora'e>')' s(TOening teSlS on a"ian repfnducl,on
she>uld be menlioned, The Ii"t is lbal the marked r.producti". failure "'a, not
noted until the 5«'ond gen.rallon and tha' oolh normal and artifiClal'llCuhal,on
"·er. used.

The ..paralion of eXlnM,C and ,ntnnsic .flects on lb. reproduction of gulls
was carried out b)' an egg exchange .xperimen! (Peakal! rl at.. 1980), Under
laooratory cifCJImstallCCS Ibis can be ""hie,-ed by a compari$(ln of afuocial and
nalural,ncuhal'on_

Th. intrinsic fac",r does not secm '" be accountod for in Ille laooratory s'udles
of mdivtdual ch.mICals (M(laughltn 01 al.. 1%); Duna(h,. and Fletch.r. 1%9)
and injection ofmixtu..s of then kno"'n chemicals ;n'o .u' (Gilman .. al.. 1978)
snpporl IbIS conclusion, There are ....oral other chem"'als now known to be
pr...m In theew ofGr.at lakes Ilerring gulls; of these the moSI hk.ly candidal.
IS ,be hilbly toxic telracb]orodi"'in bu' no I""" .xpenmenlal data On lh.
omb')'otoxi(ity of this compound .,is,.
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6 CONCU;SION

The degree ofeunpolation lhal one is prepared 10 make depends on the degr«
of uncertainty of risk ..timation that one;s prepared 10 =PI. It is uni"ersaUy
acknowledged that there is no absolute eenomty in ecotoUcological testIng.
What foUo.... from lhis ackno"'ledgement .. that a dec1Slon has to be made on Ihe
baSIS of incompk'. mformatlon. Hazard assessment has a degree of imprecISIon
that $Cienti'" dislike and that calls for tough politi"al decisions .. hieh politi"ians
dislike. Neverthele... the subject has 10 be tackled ..nee the refusal of SCIentISts
and politicians to handle Ihe problem can only lead to ma}or environmental
prohl""'s.
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