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The furor which has arisen in recent years over Mpollution® of our
envircnment by pesticidss is rather difficult to cexprehernd., It developzd
largely s a rocull of a beok called USilent Spiing® by Rachzsl Carscn, Thils
Look served & puvrpecs in that it stissleled en appredcal of the 'n"“r""cv o
inforzaticn cn pocticide residuss and their parsistence in thz envivorosnt,
but mary of ths riatcranbs in it were inaccurate and the conclusicas b'.f:‘d :
on oration rather than tyuz facts, HMHzedless to coy eoms ezgrzabs of the
pesticide 11;1vftry racpondad with selvo after salvo in an atierst ©n refube
lins Covoone  The end reoult hags bzen that the book made a great deal of
roray; thot indacixy has boon hompsresd in the ‘cvclop:snt of rwre cifecetive,
lesy pnr;nu enc pasticides by resbrictive and often ill-adviscd Jeginlaticys
ard that the public has boeowz utterly ceafused as to the ascets end
liabilitico of pzsticide ves, This confusion is best demonstrated Ly tha
feet that the wbdan di2llers, who on thz ons hand question the uce of
pesticic.s,s in egriculture, are on the other hand, responsibls for the huge
consuzpbicn of thecz szis materdals for hoxz and garden uce, -

In 1945 a ccopovnd, now i‘a"otm,by the nams of DUT bzeor2 avedlablo
for general vz3, It vas the first of & oceries of highly effcctive, lLws
opﬂcwru.‘. polcons, cozonly known as the chlom:nwd hydrocarbons. Ouh

in this category include aldrin, dielc_mn, hnp_t_e}chlo" and erdvin, Thocs

raberlala tore fantastically effective against rearly 211 cpscles of inse
pects and not L‘fall) thay wore usad ot nsnm]y, often at excesslve rates op
by atheds of application whiech werc Loth westeful and detrizizneal, 1o
rsedlecsly contorinated heza esetions of our envirommsnt, IMore reconcly,
two othar rajor groupe of compownds have beacoxmz available for use - the
orgenomocp_ﬂov'u_s_ exd cerbamate insccticidsc, Taese raterials are gererclly
logs porsiotent, but also lpcs effective th_n the organochloxinzc, Cur
major concarn with rogard o cnvirontintal pollution ot p*erom in with DOY,

aldrin, dieldrin, and heptachlor,

- In ons way or another incecticide residuss generally end wp in
ths ao:ﬂ rezardloss of whether they ars applied direétly to tho coil or w
crops fren valeh they are washed dovm into the soil by rainfall, The
paraistonce of thaes materials in soil has been exawinead qu_ue cscvenglively,.
Both aldrin and heptachlor are relatively volatile and disaprsor q-:_:. 2
rapidly fren ths coll, Unfortumately, soil microorgeni _;s__'chz;y;ru_ £l
anown’a of aldrin éxd hoptachlor to dicldrin end bept chlor epoizido, hnth

of vhich ore .tc:.::u:, )“*r’\:v..c’:,mu copotnds,  DOT ig elso highly persictont in
coil, bub is elcily c:g:cz cd by nicroorganicns to DDM° Tno prrolot
.c“ﬁr:.c’".z,_c~ of all thzod Lidecticides is influinezd by coil Typs, vistuve,
t:.:,,zx.w*“, mothed of evdiwdation, aud crop cover, Fion the "*‘u'i"‘il 2

cvidonco, it 1onld awoaoy t‘:".‘, e sidvas of dieldrmin and DT VLI noeolead dn
801l fer 1oy \,ag,w, . :

2nee ongd
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. DDT, aldrin, and to a lesser extent, heptachlor have been used
extensively in Ontario., "Soils in many of our agricultural areas are
contaminated with residues of these materials or their breakdown products,

-In most.cases, the degree of contamination is not great, vith total
> o >

chlorinated hydrocarbon residues in the top six inches of soil being
approximately 2 ppm or less. However, in tobacco and vegetable soils the
residues average 3 and 10 ppm 1espect1Vbly while in orchard soils they
average 62 ppm, - .

Although residues are present in our soils, this does not
necessarily mean that they constitute a pollution problem, This will
depend entirely on the side-effectswhich are occurring as a recsult of
this residue builidup., Without going into great detail I would like to
discuss some of these possible side-effects and the data which we have
at present., OSide-effects may be of two types - dircct and indirect. The
direct side-effects are primarily those relating to the soil organiems them-
selves., Indirect side-zf{fects may result from movement of the insecticide
from one sector of the environment to another,

What of the effects of 1nsect101des on the soil organisms? The
first to be considered must be the soil microorganisms’which are of major
importance. in maintaining soil fertility. Extensive evidence obtained in
our own laboratory and at numzrous other laboratories throughout the wvorld

clearly indicates that the chlorinated hydrocarbon insecticides have little,

if any, effect on soil wicroorpanisms, As a matter of fact, the opposite
appears to be-the case, i.ec. the soil microorganisms play a m2jor role in
the degradation of pesticides, In soms cases the pesticides are degraded
to even more toxdc mstabolites, as is the case with aldrin to dieldrin. In
other cases, they are degraded to less toxic compounds.

Soil animals also comprise an extremzly important part of the soil
ecosystem, The major Phyla include the Protozoa, Annslida, and Arthropoda.
Little is known about the soil Protozoa, However, there has been a con-
siderable amount of work dons on earthworms. The resulis clearly indicate
that with onz_or two exceptions (heptachlor,- chlordane), the chlorinzted
hydrocarbon incecticides have little effect on earthworm popaletlons.
Unfcrtunately, ‘earthvorms are capable of absorbing relatively large amounts
of the chlorinated hydrocarbons from soil., When these contdmln{led WOrms are fed
on by birds in sufficient quantities, it can result in serious side~

effects.

As. would be expected, the soil ArthropOJS are more seriously effected
by the chlorinated hydrocarbons, In addition, to controlling pest species
of insects, other beneficial species are also effected, including the parasites
and predators of the pests. However, this broad-spectrum effect is not
confined to the chlorinated hydrocarbons - the organophosphorus and carbamate
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insecticides may bz even more toxic to the bereficiai 501l animals, It
has also been uho”n that in some cases, DDT can hage a beneflclal cffcct

predatory nltes in SOll wnlch_prey on beneflclal Lollenbola " As a ves ult
the -beneficial Collembola will increase in soils conteminated with DDT.
Aldrin and the other cyclodiene insecticides appear to have a greater
detrimental effect on soil Arthropods_than DDT. However, soms interesting
~ work in England has shoun that the effect of aldrin on beneficial soil

. Arthropods is of less importance than normal soil cultivation.

. One serious side~effect which has occurred as a result of the
buildip of residuezs of the cyclodiene insecticides in soils has besen the
developrent of insscticidal resistance by soil inszacts. If insect
populatlono were unifornly susceptible to insecticides, the residuss in
soil would reswllt in complete elimination of the insect populations, and
the wltimate in insect control would be attained, Unfortunately, this is
not thg case, since the individuals in any insect population will vary

in their degree of susceptibility to an insecticide., In me2ny cases, there
are a few 1nd1V1dvals in the population which are highly resistant to
insecticides, As the insecticide concentration increases in soil to toxdce
levels, the susceptible individuals are eliminated for generation after
generation, Finally the population becomes totalYy resistant, This is
vhat has happened with many soil insects, In Canada tha _root maggots have
bfggg:_re istent to all the CYCIOdlCHL 1n$ectlcldes. Elsohhere, wirevorms,
corn rootvoras, and grub° ‘have also bvcom~ resistant to the cycloijcn,
insecticides or DD, 1In Canada, none of the soil insects have become
resistant to DDT ~ indicating that residues of DDT in the soil have not
yet reached a sufficienl level to result in constant selection pressure on
the soil insect populations. The search for alternative materials to
control these cyclodiene-resistant soil insects has been both expensive
and tire~conswning, and in seome instences, we stlll hav not found
satlsfactory alternative control measures.

‘In&xy discussion on the effect of pesticide residres in soil on
the soil organisms onz cannot ignore the plants grown in the =soil, Studics
conducted in our own laboratory and elsevhere clearly indicate that residues
of dieldrin and heptachlor epoxide, but not DDT, are absorbzd from soils by
some crops, Generally spzaking root crops are the greatest “absorbesrs."
Other vegetable crops also absorb dieldrin and heptachlor epoxide from the
soil, Howaver, the residvesin these crops are not exceeding the toleranczs
for direct hwran consurotion which have been established by the Food end
Druv Directorate of the Departzant of National Health and Vslfare,

. A potentially more serious aspect of this problem, however, involves
th° absorption of residues of the Cyclodiene insecticides by crops us zd for
animal feed, Here we becoms involved with the problem of *megnification."

When small amounts of dieldrin, for example, are absorbad by crops which arc
in turn fed in large quantities, continuously, to animals, the anirals tend
to store the incecticide in their fatty tissue, Vith continuous fceding of

a’ contaminated crop, perhaps 10-25 x the concentration of dieldrin found in
the plant ray be found in milk or other animal produc»s. Thus a residus

of 20 ppb in feed may result in a residue of 0.2 ppa in mllL -~ an unacceptable
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level. We have found that crops such as alfalfa, oats, corn, sugar bects,
potatoes, and turnips all absorb dieldrin_and heptachlor_ epoxide Troi soils
Information from various areas in Canada indicates that we have fairly
extensive low-level contamination of milk and to a lesser extent, other

animal products with residues of dieldrin and other chlorinated hydrocarbons.
However, residucs of the chlorinated hydrocarbon insecticides in milk and
animal products, are, in the vast.majority of cases, well within the acceptable
limits recognized by Federal Agencies. The evidence indicates that insscticide
residues in our crops, yilk, and other animal products do not constitute a
hazard to huran health, )

From the discussion so far, 1t is apparent that the direct cide-
effects resulting from the accumulation of chlorinated hydrocarbon insecticide -
residues in soll are not sufficiently serious to merit major carcern, Thoce
problens which do exist, e.3. toxicity to earthworms, insecticide resistance,
and ¢ bcorption and translocation of residues by crops are limited to some
cyclodiene insecticides., DDT has caused remarkably few direct side~effects

“ when orne considers the azmount of material which has been used over the past
.25 ye ars, and the residus levels present in the soil, :

. But whaet of the 1nd1rect 51de effects? Are the organochlorine
insecticidz residues in soil bsing iransferred by one method or another to other
sectors of the environment? On preliminary examination it wonld appear that
this is hlghly unlikely, The sc--called "hard" insecticides, DDT, dieldrin, and
heptathlor epoxide are v1rtuallg non-volatile and insoluble in water.' They

¢ strongly adcorbed by soil and’ ao not move to any significant extent through
thv s0il_to the growd water, Yet, it is bacoming dpparent that relatively
smell amounts of those materials are indeed being transported from soil to
water and air. Prosumably this is occurring because of very limited volatili-~
zation, and becauce of erosion of topsoil by both wind and water. Because of
its widespread uez, the major offenders are DDT and its degradation product

DDE, Although the extent of contamination of water or silt with these materials

1n2y only be at the ppb or even ppt level, thess minute concentrations can,
because of magnification, result in =°rious effects on the upper levels of the
biological cha2ins in the ecosystem, For example minute concentraticns of

DDT~DDE edcoried on suspended colloids in water can ‘be absorbed and concent“atﬁd

by aicroorganicns. <The microorganisms are consumed by plan4t01—eat1no f1Qh
which are in turn congsuzzd by larger predcotory fish, which are then consum“d in

twn by predatory birds such a8 _coriorants, rgansors, and ospreys. In cnz

situation in Long Islerd Sound it is claimsd that the copncentration of DDT

increased from 3. pot_in water to 25 ppm in the predaiory birds - an astounding

8.3 nilllon fold increase ovor the _original amount. While such a concentration -
might not be toxic to the birds there is evidence that DDT interferes with (l’“
calcivn retabolisna and hence _the ":hin-shell" | phenomenon which is apparently 3

commron in predato*y birds, More recently, the reés earch results have indicated

that it is not DDT which is_so much responsible for the upset in calcium rota~-
bolism in birds or the t0\1c1ty to f1°h embryos, but_rather its degradation

product DDE, which for many years was considered a "hgrmless" residue.
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. ¥hile the evidence that DDT-DDE can result in serious side-—cffects in
the ecosystien is generally accepted it is difficult at precent to quantitatively

“estimate its importance relative to othsr pollutants, Unfortunately, much of

o
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the data on fish and wildlife is subject to question. Analyses by gas liguid
chromatography which is the general method now_in use is a difficult, exacting
task, Interpretation of the data is extremsly irmportant and, unless ome is
careful, artifacts or contaminants can often ‘be m¢stak¢n for_QpT or DDE, However,
because it seems like such a simple technique, virtuvally every blOlO"lut and
conservationist has purchased a gas chromatograph and is busily injecting extracts
of everything under the sun into his machine, Consequently, it is an almost
impossible task to szperate the geod data from the bad, the fact fren fiction,
vith regard to IDT ond wildlife, Complicating the pictvre is a group of corion
industrial pollLu-nuu, relaxno_tJ bDT, 'hJ(h, it 13 not recognirod, are in
themselves _highly © __o_tbﬁn DDE-DDE) and produce siyzilar physiologica l -
effects_on _figh and hllle T D) pollﬁxants, knovm as PCDies (po1ychjor¢r“u d
blphonv]s) occur commonly 1n 1nou;tr1ujlnad.areas. The plcture with regard

to these waterials is not yot clear, but it seems likely that futwre vork 1ill

show that uhc PCB%s_are pollutants of _equal or cven Lreater importance thay

DDT-DDE,

e
-
N
~e

In recent months the opponents of pesticide use have mounted a
tremendous campaign to have the chlorinated hydrocsrbon insecticides benmed
in North Armsrica as well as other areas of the world., This group which coxprisca
an unliltely ccubination of a) conservationists who are genuinely concerned about
the environmznt; b) individuals out for personal gain; and c¢) ovt-and-out
screvballs, has olrcady suceeeded in having DDT barired or vestricted for use
in several States in the U,S, and in Qatario. The common cyclediene inczcticides
with the cxception of endrin are also bamied in Ontario, Unfortunately these
instant expsrts, do not have any concept of the new problems which they

thenmselves are creating. As_the porsistent chlorinated hydrocarbons are N
discarded, organophosphcrus _and _carbapate insecticides are_being. sub tituted, { ”,Q
on ths quastionable assuwption that thesz n;gcr¢als will havb ngs grious _de l
efleCLS°" T an Ulllln” to prd¢Cu that in time we will bé er;comn.uer:m'y far J
more serious problemo umbh sciz of 1he°>'subut1tutss than we have with the -
organoc1lo11pﬂq at uhe pree ent tlﬁ I sz2y this for a nunber of reasons. First,

there is a popular misconception thut the newer materials are less pzrsistent

in soil than the so~called fhard" chlorinnted hydrocarbons and thls is not

ngcessarily the case, Szcond, while most chlorinated hydrocarbons have limited

solubility in \ator pzny of thj_n°xcr raterials are sllghtly to moderately

soluble, and we run the risk of conta‘anﬂblnv ground vater as vell as streems
and ldhe° Third, in many instences “these never raterials are being applied

at 5~6 x the rate that we applied the chlorinated hydrocarbons, Fourth, these

materials are more toxic to hondle, and can bs as, or more toxic, to bﬁn“flCl

e

soil amimale, fieh,and wildlife. With sorz of these new raterials iie run &
risk of sterilizing the environnsnti )

The dismaying aspect of this problem of pessticide pollution is that,
at present, it is only the radicals on each side who are being heard, The
press end ceormunications mzdia, with their well-knoum vweakness for shocking
headlinzs such as "Zoologist clains DUT causcs cancer' cencourage such radical
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approaches, The progress which the opponents of pesticide use have made in
the past few months is torrifying. With each nzw blast from YPollution Probe"
the Provincial Covernment szcms to reect by banning another pssticide., In

the midst of this controversy the voice of the moderate majority is szldom

heard, .

What con we as individuals, and as professiénal groups do, to bring

some sanity to the situation? Obviously we must make our voices heard above

the anguished screams of the radicals, In doing so it is necessary to recognize
that both ths Federal and Provincial goveramznts are involved in the regulation
of pesticide use, and w2 rust be heard at both levels, What chould we say?

The following are just a few suggestions:

2)

3)

Rcezorch: We commot do without pesticides; at the seme tims we do not,

to uwee paterials vhich will result in serious environmental
pollution, TYacre is a drastic requiremsnt for erpansion of our
research programs on pesticide application, efficacy, and pzrsistence
and degradation in the environmznt. Research programs on integrated
control should also be expanded. More research requires more funds
both at federal end provincial levels.

Lfaﬁulntron. The requiremsnts for registration of pesticides at the
cherul Tevel should be tightenad., JIn addition to information on
efficacy and hazurd to human health, much more emphasi shoqu be
placed on the effects of pesticides on environmental q1 1ity Once
a materlal is registered it should be mandatory that 1n~dppuh
reviews of the registered uses be conducted pericdically., Sufficient
qualified staff should bz providad to enable the CDL to conduct these
revieirs, As a general principle, registrations (¥Federal) and
recoimizndations (Provincial) should be in agreemsnt, At the present
tirz provincial recormendations are not worth the papsr they are
printed on since a material cen be used if itis registered for use,
regardlcus of whether it is recoimmended for usel

At the Provincial level the Government should ensurc
that qualified staff are available to administer the Pest Control Act,

At precent the nurber of qualified pesticide specialists within the

provincial civil service is shockingly small, The Provincial Govern-
ent shetvld consider appointrznt of a highly qualified pssticide :
coordinator responsible for coordination of pesticide work within the
Provincial Goverrrent end for lidson with the Federsl Government,

('0

Control of Pesticide Usc: At present, as long as a material is
rogistered for uﬁv, there is 1little further control over its use, As
a result, much of owr problem of pesticide pollution arisss {rom
pzoticide misuse, Drugs are sold by prescription; surely pesticides
should be hendled in a similer feshion,

Unless the roderates begin to make themselves heard in this pesticide

controversy, the voice of thz radicels will result in restriclions on pasticide uoo
vhich will be a eerious detrirent to agricudiwre, and will at the saws tivz result
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in even more serlous environmental pollution, Much of the uproar over pesticids
use in the press today is resulting from hysterical accusations made by an ill-
inforwed pvdblic, paliticians, and other publicity seekers who have few facts
and ¢ven less knovledge on which to base their obviously prejudiced coxwents,
Hyeterical accusaticns based on fiction rather than fact, have no place in
science, Perhaps it would bz wise to substitule caution in place of hysteria,
prudence in place of politics, and sound research in place of press conferences
to deterrpinc the best approaches to pest control,
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