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I. A Fable for Tomorrow

THERE WAs ONCE a town in the heart of America where all life
seemed to live in harmony with its surroundings. The town
lay in the midst of a checkerboard of prosperous farms, with
fields of grain and hillsides of orchards where, in spring, white
clouds of bloom drifted above the green fields. In autumn, oak
and maple and birch set up a blaze of color that flamed and
flickered across a backdrop of pines. Then foxes barked in the
hills and deer silently crossed the fields, half hidden in the mists
of the fall mornings.

Along the roads, laurel, viburnum and alder, great ferns and
wildflowers delighted the traveler’s eye through much of the
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year. Even in winter the roadsides were places of beauty,
where countless birds came to feed on the berries and on the
sced heads of the dried weeds rising above the snow. The
countryside was, in fact, famous for the abundance and variety
of its bird life, and when the flood of migrants was pouring
through in spring and fall people traveled from great distances
to observe them. Others came to fish the streams, which flowed
clear and cold out of the hills and contained shady pools where
trout lay. So it had been from the days many years ago when
the first settlers raised their houses, sank their wells, and built
their barns.

Then a strange blight crept over the area and everything
began to change. Some evil spell had settled on the community:
mysterious maladies swept the flocks of chickens; the cattle and
sheep sickened and died. Everywhere was a shadow of death.
The farmers spoke of much illness among their families. In
the town the doctors had become more and more puzzled by
new kinds of sickness appearing among their patients, There
had been several sudden and unexplained deaths, not only among
adults but even among children, who would be stricken sud-
denly while at play and die within a few hours.

There was a strange stillness. The birds, for example —
where had they gone? Many people spoke of them, puzzled
and disturbed. The feeding stations in the backyards were de-
serted. The few birds seen anywhere were moribund; they
trembled violently and could not fly. It was a spring without
voices. On the mornings that had once throbbed with the dawn
chorus of robins, catbirds, doves, jays, wrens, and scores of
other bird voices there was now no sound; only silence lay
over the fields and woods and marsh.

On the farms the hens brooded, but no chicks hatched. The
farmers complained that they were unable to raise any pigs —
the litters were small and the young survived only a few days.
The apple trees were coming into bloom but no bees droned
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among the blossoms, so there was no pollination and there
would be no fruit.

The roadsides, once so attractive, were now lined with
browned and withered vegetation as though swept by fire.
These, too, were silent, deserted by all living things. Even the
streams were now lifeless. Anglers no longer visited them, for
all the fish had died.

In the gutters under the eaves and between the shingles of
the roofs, 2 white granular powder still showed a few patches;
some weeks before it had fallen like snow upon the roofs and
the lawns, the fields and streams.

No witchcraft, no enemy action had silenced the rebirth of
new life in this stricken world. The people had done it them-
selves.

This town does not actually exist, but it might easily have
a2 thousand counterparts in America or elsewhere in the world.
I know of no community that has experienced all the misfor-
tunes I describe. Yet every one of these disasters has actually
happened somewhere, and many real communities have already
suffered a substantial number of them. A grim specter has
crept upon us almost unnoticed, and this imagined tragedy may
easily become a stark reality we all shall know.

What has already silenced the voices of spring in countless
towns in America? This book is an attempt to explain.



3. Elixirs of Death

For THE FIRST T1ME in the history of the world, every human
being is now subjected to contact with dangerous chemicals,
from the moment of conception until death, In the less than
two decades of their use, the synthetic pesticides have been
so thoroughly distributed throughout the animate and inanimate
world that they occur virtually everywhere. They have been
recovered from most of the major river systems and even from
streams of groundwater flowing unseen through the earth. Res-
idues of these chemicals linger in soil to which they may have
been applied a dozen years before. They have entered and
lodged in the bodies of fish, birds, reptiles, and domestic and
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wild animals so universally that scientists carrying on animal
experiments find it almost impossible to locate subjects free
from such contamination. They have been found in fish in
remote mountain lakes, in earthworms burrowing in soil, in the
eggs of birds—and in man himself. For these chemicals are
now stored in the bodies of the vast majority of human beings,
regardless of age. They occur in the mother’s milk, and prob-
ably in the tissues of the unborn child.

All this has come about because of the sudden rise and pro-
digious growth of an industry for the production of man-made
or synthetic chemicals with insecticidal properties. This indus-
try is a child of the Second World War. In the course of de-
veloping agents of chemical warfare, some of the chemicals
created in the laboratory were found to be lethal to insects. The
discovery did not come by chance: insects were widely used
to test chemicals as agents of death for man.

The result has been a seemingly endless stream of synthetic
insecticides. In being man-made — by ingenious laboratory
manipulation of the molecules, substituting atoms, altering their
arrangement — they differ sharply from the simpler insecticides
of prewar days. These were derived from naturally occurring
minerals and plant products — compounds of arsenic, copper,
lead, manganese, zinc, and other minerals, pyrethrum from the
dried flowers of chrysanthemums, nicotine sulphate from some
of the relatives of tobacco, and rotenone from leguminous plants
of the East Indies.

‘What sets the new synthetic insecticides apart is their enor-
mous biological potency. They have immense power not merely
to poison but to enter into the most vital processes of the body
and change them in sinister and often deadly ways. Thus, as we
shall see, they destroy the very enzymes whose function is to
protect the body from harm, they block the oxidation processes
from which the body receives its energy, they prevent the nor-
mal functioning of various organs, and they may initiate in cer-

ELIXIRS OF DEATH 17

tain cells the slow and irreversible change that leads to malig-
nancy.

Yet new and more deadly chemicals are added to the list
each year and new uses are devised so that contact with these
materials has become practically worldwide. The production
of synthetic pesticides in the United States soared from 124,-
259,000 pounds in 1947 to 637,666,000 pounds in 1960 — more
than a fivefold increase. The wholesale value of these products
was well over a quarter of a billion dollars. But in the plans
and hopes of the industry this enormous production is only a
beginning.

A Who's Who of pesticides is therefore of concern to us all.
If we are going to live so intimately with these chemicals —
eating and drinking them, taking them into the very marrow of
our bones — we had better know something about their nature
and their power.

Although the Second World War marked a turning away
from inorganic chemicals as pesticides into the wonder world of
the carbon molecule, a few of the old materials persist. Chief
among these is arsenic, which is still the basic ingredient in a
variety of weed and insect killers. Arsenic is a highly toxic
mineral occurring widely in association with the ores of various
metals, and in very small amounts in volcanoes, in the sea, and
in spring water. Its relations to man are varied and historic.
Since many of its compounds are tasteless, it has been a favorite
agent of homicide from long before the time of the Borgias to
the present. Arsenic is present in English chimney soot and along
with certain aromatic hydrocarbons is considered responsible for
the carcinogenic (or cancer-causing) action of the soot, which
was recognized nearly two centuries ago by an English physician.
Epidemics of chrenic arsenical poisoning involving whole popu-
lations over long periods are on record. Arsenic-contaminated
environments have also caused sickness and death among horses,
cows, goats, pigs, deer, fishes, and bees; despite this record arseni-
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cal sprays and dusts are widely used. In the arsenic-sprayed cot-
ton country of southern United States beekeeping as an industry
has nearly died out. Farmers using arsenic dusts over long periods
have been afflicted with chronic arsenic poisoning; livestock have
been poisoned by crop sprays or weed killers containing arsenic.
Drifting arsenic dusts from blueberry lands have spread over
neighboring farms, contaminating streams, fatally poisoning bees
and cows, and causing human illness. “Ir is scarcely possible . . .
to handle arsenicals with more utter disregard of the general
health than that which has been practiced in our country in re-
cent years,” said Dr. W, C, Hueper, of the National Cancer In-
stitute, an authority on environmental cancer. “Anyone who has
watched the dusters and sprayers of arsenical insecticides at work
must have been impressed by the almost supreme carelessness
with which the poisonous substances are dispensed.”

Modern insecticides are still more deadly. The vast majority
fall into one of two large groups of chemicals. One, repre-
sented by DDT, is known as the “chlorinated hydrocarbons.”
‘The other group consists of the organic phosphorus insecticides,
and is represented by the reasonably familiar malathion and
parathion, All have one thing in common. As mentioned above,
they are built on a basis of carbon atoms, which are also the
indispensable building blocks of the living world, and thus
classed as “organic.” To understand them, we must see of what
they are made, and how, although linked with the basic chem-
istry of all life, they lend themselves to the modifications which
make them agents of death.

The basic element, carbon, is one whose atoms have an almost
infinite capacity for uniting with each other in chains and rings
and various other configurations, and for becoming linked with
atoms of other substances. Indeed, the incredible diversity of
living creatures from bacteria to the great blue whale is largely
due to this capacity of carbon. The complex protein molecule
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has the carbon atom as its basis, as have molecules of fat, carbo-
hydrates, enzymes, and vitamins. So, too, have enormous num-
bers of nonliving things, for carbon is not necessarily a symbol
of life.

Some organic compounds are simply combinations of carbon
and hydrogen. The simplest of these is methane, or marsh gas,
formed in nature by the bacterial decomposition of organic
matter under water, Mixed with air in proper proportions,
methane becomes the dreaded “fire damp” of coal mines. Its
structure is beautifully simple, consisting of one carbon atom to
which four hydrogen atoms have become attached:

H H
A4
/ C\
H H
Chemusts have discovered that it is possible to detach one or all
of the hydrogen atoms and substitute other elements, For ex-

ample, by substituting one atom of chlorine for one of hydro-
gen we produce methyl chloride:

H «
N/
C
RN
H H

Take away three hydrogen atoms and substitute chlorine and
we have the anesthetic chloroform:

H
N
C
7N
ca
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Substitute chlorine atoms for all of the hydrogen atoms and the
result is carbon tetrachloride, the familiar cleaning fluid:

Ci Cl
N
C
VRN
Cl Cl

In the simplest possible terms, these changes rung upon the
basic molecule of methane illustrate what a chlorinated hydro-
carbon is. But this illustration gives little hint of the true com-
plexity of the chemical world of the hydrocarbons, or of the
manipulations by which the organic chemist creates his infinitely
varied materials. For instead of the simple methane molecule
with its single carbon atom, he may work with hydrocarbon
molecules consisting of many carbon atoms, arranged in rings
or chains, with side chains or branches, holding to themselves
with chemical bonds not merely simple atoms of hydrogen or
chlorine but also a wide variety of chemical groups. By seem-
ingly slight changes the whole character of the substance is
changed; for example, not only what is attached but the place
of attachment to the carbon atom is highly important. Such
ingenious manipulations have produced a battery of poisons
of truly extraordinary power.

DDT (short for dichloro-diphenyl-trichloro-ethane) was
first synthesized by a German chemist in 1874, but its properties
as an insecticide were not discovered until 1939. Almost im-
mediately DDT was hailed as a means of stamping out insect-
borne disease and winning the farmers’ war against crop de-
stroyers overnight, The discoverer, Paul Miiller of Switzerland,
won the Nobel Prize.

DDT 1s now so universally used that in most minds the prod-
uct takes on the harmless aspect of the familiar. Perhaps the
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myth of the harmlessness of DDT rests on the fact that one of
its first uses was the wartime dusting of many thousands of
soldiers, refugees, and prisoners, to combat lice. It is widely be-
lieved that since so many people came into extremely intimate
contact with DDT and suffered no immediate ill effects the
chemical must certainly be innocent of harm. This understand-
able misconception arises from the fact that — unlike other chlo-
rinated hydrocarbons — DDT in powder form is not readily
absorbed through the skin. Dissolved in oil, as it usually is,
DDT is definitely toxic. If swallowed, it is absorbed slowly
through the digestive tract; it may also be absorbed through the
lungs. Once it has entered the body it is stored largely in organs
rich in fatty substances (because DDT itself is fat-soluble) such
as the adrenals, testes, or thyroid. Relatively large amounts are
deposited in the liver, kidneys, and the fat of the large, pro-
tective mesenteries that enfold the intestines.

This storage of DDT begins with the smallest conceivable in-
take of the chemical (which is present as residues on most food-
stuffs) and continues until quite high levels are reached. The
fatey storage depots act as biological magnifiers, so that an in-
take of as little as %o of 1 part per million in the diet results in
storage of about 10 to 15 parts per million, an increase of one
hundredfold or more. These terms of reference, so common-
place to the chemist or the pharmacologist, are unfamiliar to
most of us. One part in a million sounds like a very small
amount — and so it is. But such substances are so potent that
a minute quantity can bring about vast changes in the body.
In animal experiments, 3 parts per million has been found to

inhibit an essential enzyme in heart muscle; only 5 parts per

million has brought about necrosis or disintegration of liver
cells; only 2.5 parts per million of the closely related chemicals
dieldrin and chlordane did the same.

This is really not surprising. In the normal chemistry of the
human body there is just such a disparity between cause and
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effect. For example, a quantity of iodine as small as two ten-
thousandths of a gram spells the difference between health and
disease. Because these small amounts of pesticides are cumula-
uvely stored and only slowly excreted, the threat of chronic
poisoning and degenerative changes of the liver and other ergans
is very real.

Scientists do not agree upon how much DDT can be stored in
the human body. Dr. Arnold Lehman, who is the chief phar-
macologist of the Food and Drug Administration, says there is
neither a floor below which DDT is not absorbed nor a ceiling
beyond which absorption and storage ceases. On the other hand,
Dr. Wayland Hayes of the United States Public Health Service
contends that in every individual a point of equilibrium is
reached, and that DDT in excess of this amount is excreted. For
practical purposes it is not particularly important which of
these men is right. Storage in human beings has been well in-
vestigated, and we know that the average person is storing
potentially harmful amounts. According to various studies, in-
dividuals with no known exposure (except the inevitable dietary
one) store an average of 5.3 parts per million to 7.4 parts per
million; agricultural workers 17.1 parts per million; and workers
in insecticide plants as high as 648 parts per million! So the
range of proven storage is quite wide and, what is even more to
the point, the minimum figures are above the level at which
damage to the liver and other organs or tissues may begin.

One of the most sinister features of DDT and related chem-
icals 1s the way they are passed on from one organism to an-
other through all the links of the food chains. For example,
fields of alfalfa are dusted with DDT; meal is later prepared
from the alfalfa and fed to hens; the hens lay eggs which con-
tain DDT. Or the hay, containing residues of 7 to 8 parts per
million, may be fed to cows. The DDT will turn up in the
milk in the amount of about 3 parts per million, but in butter
made from this milk the concentration may run to 65 parts per

ELIXIRS OF DEATH 23

million. Through such a process of transfer, what started out
as a very small amount of DDT may end as a heavy concentra-
tion. Farmers nowadays find it difficult to obtain uncontam-
inated fodder for their milk cows, though the Food and Drug
Administration forbids the presence of insecticide residues in
milk shipped in interstate commerce.

The poison may also be passed on from mother to offspring.
Insecticide residues have been recovered from human milk in
samples tested by Food and Drug Administration sciencists.
This means that the breast-fed human infant is receiving small
but regular additions to the load of toxic chemicals building up
in his body. It is by no means his first exposure, however: there
is good reason to believe this begins while he is still in the
womb. In experimental animals the chlorinated hydrocarbon
insecticides freely cross the barrier of the placenta, the tradi-
tional protective shield between the embryo and harmful sub-
stances in the mother’s body. While the quantities so received
by human infants would normally be small, they are not un-
important because children are more susceptible to poisoning
than adults. This situation also means that today the average
individual almost certainly starts life with the first deposit of
the growing load of chemicals his body will be required to carry
thenceforth,

All these facts — storage at even low levels, subsequent ac-
cumulation, and occurrence of liver damage at levels that may
easily occur in normal diets, caused Food and Drug Administra-
tion scientists to declare as early as 1950 that it is “extremely
likely the potential hazard of DDT has been underestimated.”
"There has been no such parallel situation in medical history. No
one yet knows what the ultimate consequences may be.

Chlordane, another chlorinated hydrocarbon, has all these un-
pleasant attributes of DDT plus a few that are peculiarly its
own. Its residues are long persistent in soil, on foodstuffs, or on
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surfaces to which it may be applied. Chlordane makes use of all
available portals to enter the body. It may be absorbed through
the skin, may be breathed in as a spray or dust, and of course is
absorbed from the digestive tract if residues are swallowed. Like
all other chlorinated hydrocarbons, its deposits build up in the
body in cumulative fashion. A diet containing such a small
amount of chlordane as 2.5 parts per million may eventually lead
to storage of 75 parts per million in the fat of experimental
animals.

So experienced a pharmacologist as Dr. Lehman has de-
scribed chlordane in 1950 as “one of the most toxic of insecti-
cides — anyone handling it could be poisoned.” Judging by the
carefree liberality with which dusts for lawn treatments by sub-
urbanites are laced with chlordane, this warning has not been
taken to heart. The fact that the suburbanite is not instantly
stricken has little meaning, for the toxins may sleep long in his
body, to become manifest months or years later in an obscure
disorder almost impossible to trace to its origins. On the other
hand, death may strike quickly. One victim who accidentally
spilled a 25 per cent industrial solution on the skin developed
symptoms of poisoning within 40 minutes and died before
medical help could be obtained. No reliance can be placed on
receiving advance warning which might allow treatment to be
had in time.

Heptachlor, one of the constituents of chlordane, is marketed
as a separate formulation. It has a particularly high capacity for
storage in fat. If the diet contains as little as ¥4 of 1 part per
million there will be measurable amounts of heptachlor in the
body. It also has the curious ability to undergo change into a
chemically distinct substance known as heptachlor epoxide. It
does this in soil and in the tssues of both plants and animals.
Tests on birds indicate that the epoxide that results from this
change is more toxic than the original chemical, which in turn
is four tmes as toxic as chlordane.
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As long ago as the mid-1930’s a special group of hydrocar-
bons, the chlorinated naphthalenes, was found to cause hepa-
titis, and also a rare and almost invariably fatal liver discase
in persons subjected to occupational exposure. They have led to
illness and death of workers in electrical industries; and more
recently, in agriculture, they have been considered a cause of a
mysterious and usually fatal disease of cattle. In view of these
antecedents, it is not surprising that three of the insecticides that
are related to this group are among the most violently poisonous
of all the hydrocarbons. These are dieldrin, aldrin, and endrin.

Dieldrin, named for a German chemist, Diels, is about 5 times
as toxic as DDT when swallowed but 40 times as toxic when
absorbed through the skin in solution. It is notorious for strik-
ing quickly and with terrible effect at the nervous system, send-
ing the victims into convulsions. Persons thus poisoned recover
so slowly as to indicate chronic effects. As with other chlo-
rinated hydrocarbons, these long-term effects include severe
damage to the liver. The long duration of its residues and the
effective insecticidal action make dieldrin one of the most used
insecticides today, despite the appalling destruction of wildlife
that has followed its use. As tested on quail and pheasants, it
has proved to be about 40 to o times as toxic as DDT.

There are vast gaps in our knowledge of how dieldrin is
stored or distributed in the body, or excreted, for the chemists’
ingenuity in devising insecticides has long ago outrun biological
knowledge of the way these poisons affect the living organism.
However, there is every indication of long storage in the human
body, where deposits may lie dormant like a slumbering volcano,
only to flare up in periods of physiological stress when the body
draws upon its fat reserves. Much of what we do know has been
learned through hard experience in the antimalarial campaigns
carried out by the World Health Organization. As soon as
dieldrin was substituted for DDT in malaria-control work (be-
cause the malaria mosquitoes had become resistant to DDT),
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cases of poisoning among the spraymen began to occur. The
seizures were severe — from half to all (varying in the different
programs) of the men affected went into convulsions and sev-
eral died. Some had convulsions as long as four months after
the last exposure,

Aldrin is a somewhat mysterious substance, for although it
exists as a separate entity it bears the relation of alter ego to
dieldrin. When carrots are taken from a bed treated with aldrin
they are found to contain residues of dieldrin, This change
occurs in living tissues and also in soil. Such alchemistic trans-
formations have led to many erroneous reports, for if a chemist,
knowing aldrin has been applied, tests for it he will be deceived
into thinking all residues have been dissipated. The residues are
there, but they are dieldrin and this requires a different test.

Like dieldrin, aldrin is extremely toxic. It produces degen-
erative changes in the liver and kidneys. A quantity the size of
an aspirin tablet is enough to kill more than 400 quail. Many
cases of human poisonings are on record, most of them in con-
nection with industrial handling.

Aldrin, like most of this group of insecticides, projects a
menacing shadow into the future, the shadow of sterility, Pheas-
ants fed quantities too small to kill them nevertheless laid few
eggs, and the chicks that hatched soon died. The effect is not
confined to birds. Rats exposed to aldrin had fewer pregnan-
cies and their young were sickly and short-lived. Puppies born
of treated mothers died within three days. By one means or an-
other, the new generations suffer for the poisoning of their
parents. No one knows whether the same effect will be seen in
human beings, yet this chemical has been sprayed from airplanes
over suburban areas and farmlands.

Endrin is the most toxic of all the chlorinated hydrocarbons.
Alchough chemically rather closely related to dieldrin, a little
twist in its molecular structure makes it § times as poisonous. It
makes the progenitor of all this group of insecticides, DDT,
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seem by comparison almost harmless. It is r5 times as poisonous
as DDT to mammals, 30 times as poisonous to fish, and about
300 times as poisonous to some birds.

In the decade of its use, endrin has killed enormous numbers
of fish, has fatally poisoned cattle that have wandered into
sprayed orchards, has poisoned wells, and has drawn a sharp
warning from at least one state health department that its care-
less use is endangering human lives.

In one of the most tragic cases of endrin poisoning there was
no apparent carelessness; efforts had been made to take pre-
cautions apparently considered adequate. A year-old child had
been taken by his American parents to live in Venezuela. There
were cockroaches in the house to which they moved, and after
a few days a spray containing endrin was used. The baby and
the small family dog were taken out of the house before the
spraying was done about nine o’clock one morning. After the
spraying the floors were washed. The baby and dog were re-
turned to the house in midafternoon. An hour or so later the
dog vomited, went into convulsions, and died. At 10 p.M. on
the evening of the same day the baby also vomited, went into
convulsions, and lost consciousness. After that fateful contact
with endrin, this normal, healthy child became little more than
a vegetable — unable to see or hear, subject to frequent mus-
cular spasms, apparently completely cut off from contact with
his surroundings. Several months of treatment in a New York
hospital failed to change his condition or bring hope of change.
“It is extremely doubtful,” reported the attending physicians,
“that any useful degree of recovery will occur.”

The second major group of insecticides, the alkyl or organic
phosphates, are among the most poisonous chemicals in the
world. The chief and most obvious hazard attending their use
is that of acute poisoning of people applying the sprays or ac-
cidentally coming in contact with drifting spray, with vegeta-



28 SILENT SPRING

tion coated by it, or with a discarded container, In Florida,
two children found an empty bag and used it to repair a swing.
Shortly thereafter both of them died and three of their play-
mates became ill. The bag had once contained an insecticide
called parathion, one of the organic phosphates; tests established
death by parathion poisoning. On another occasion two small
boys in Wisconsin, cousins, died on the same night. One had
been playing in his yard when spray drifted in from an adjoin-
ing field where his father was spraying potatoes with parathion;
the other had run playfully into the barn after his father and
had put his hand on the nozzle of the spray equipment.

The origin of these insecticides has a certain ironic signifi-
cance, Although some of the chemicals themselves — organic
esters of phosphoric acid — had been known for many years,
their insecticidal properties remained to be discovered by a
German chemist, Gerhard Schrader, in the late 1930’s. Almost
immediately the German government recognized the value of
these same chemicals as new and devastating weapons in man’s
war against his own kind, and the work on them was declared
secret, Some became the deadly nerve gases. Others, of closely
allied structure, became insecticides.

The organic phosphorus insecticides act on the living organ-
ism in a peculiar way. They have the ability to destroy enzymes
— enzymes that perform necessary functions in the body. Their
target is the nervous system, whether the victim is an insect or
a warm-blooded animal. Under normal conditions, an impulse
passes from nerve to nerve with the aid of a “chemical trans-
mitter” called acetylcholine, a substance that performs an essen-
tial function and then disappears. Indeed, its existence is so
ephemeral that medical researchers are unable, without special
procedures, to sample it before the body has destroyed it. This
transient nature of the transmitting chemical is necessary to the
normal functioning of the body. If the acetylcholine is not
destroyed as soon as a nerve impulse has passed, impulses con-
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tinue to flash across the bridge from nerve to nerve, as the
chemical exerts its effects in an ever more intensified manner.
The movements of the whole body become uncoordinated:
tremors, muscular spasms, convulsions, and death quickly
result.

This contingency has been provided for by the body. A pro-
tective enzyme called cholinesterase is at hand to destroy the
transmitting chemical once it is no longer needed. By this
means a precise balance is struck and the body never builds up
a dangerous amount of acetylcholine. But on contact with the
organic phosphorus insecticides, the protective enzyme is de-
stroyed, and as the quantity of the enzyme is reduced that of
the transmitting chemical builds up. In this effect, the organic
phosphorus compounds resemble the alkaloid poison muscarine,
found in a poisonous mushroom, the fly amanita.

Repeated exposures may lower the cholinesterase level until
an individual reaches the brink of acute poisoning, a brink over
which he may be pushed by a very small addional exposure.
For this reason it is considered important to make periodic ex-
aminations of the blood of spray operators and others regularly
exposed.

Parathion is one of the most widely used of the organic phos-
phates. It is also one of the most powerful and dangerous.
Honeybees become “wildly agitated and bellicose” on contact
with it, perform frantic cleaning movements, and are near death
within half an hour. A chemist, thinking to learn by the most
direct possible means the dose acutely toxic to human beings,
swallowed a minute amount, equivalent to about .0o424 ounce,
Paralysis followed so instantaneously that he could not reach
the antidotes he had prepared at hand, and so he died. Parathion
is now said to be a favorite instrument of suicide in Finland.
In recent years the State of California has reported an average
of more than 200 cases of accidental parathion poisoning an-
nually. In many parts of the world the fatality rate from para-
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thion is startling: roo fatal cases in India and 67 in Syria in 1958,
and an average of 336 deaths per year in Japan.

Yet some 7,000,000 pounds of parathion are now applied to
fields and orchards of the United States — by hand sprayers,
motorized blowers and dusters, and by airplane. The amount
used on California farms alone could, according to one medical
authority, “provide a lethal dose for 5 to 10 times the whole
world’s population.”

One of the few circumstances that save us from extinction by
this means is the fact that parathion and other chemicals of this
group are decomposed rather rapidly. Their residues on the
crops to which they are applied are therefore relatively short-
lived compared with the chlorinated hydrocarbons. However,
they last long enough to create hazards and produce conse-
quences that range from the merely serious to the fatal. In
Riverside, California, eleven out of thirty men picking oranges
became violently ill and ail but one had to be hospitalized. Their
symptoms were typical of parathion poisoning. The grove had
been sprayed with parathion some two and a half weeks earlier;
the residues that reduced them to retching, half-blind, semi-
conscious misery were sixteen to nineteen days old. And this
is not by any means a record for persistence. Similar mishaps
have occurred in groves sprayed a month earlier, and residues
have been found in the peel of oranges six months after treat-
ment with standard dosages.

The danger to all workers applying the organic phosphorus
insecticides in fields, orchards, and vineyards, is so extreme that
some states using these chemicals have established laboratories
where physicians may obtain aid in diagnosis and treatment.
Even the physicians themselves may be in some danger, unless
they wear rubber gloves in handling the victims of poisoning.
So may a laundress washing the clothing of such victims, which
may have absorbed enough parathion to affect her.

Malathion, another of the organic phosphates, is almost as
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familiar to the public as DDT, being widely used by gardeners,
in household insecticides, in mosquito spraying, and in such
blanket attacks on insects as the spraying of nearly a million
acres of Florida communities for the Mediterranean fruit fly.
It is considered the least toxic of this group of chemicals and
many people assume they may use it freely and without fear
of harm. Commercial advertising encourages this comfortable
attitude.

The alleged “safety” of malathion rests on rather precarious
ground, although — as often happens — this was not discovered
until the chemical had been in use for several years. Malathion
is “safe” only because the mammalian liver, an organ with ex-
traordinary protective powers, renders it relatively harmless.
The detoxification is accomplished by one of the enzymes of
the liver. If, however, something destroys this enzyme or inter-
feres with its action, the person exposed to malathion receives
the full force of the poison.

Unfortunately for all of us, opportunities for this sort of thing
to happen are legion. A few years ago a team of Food and Drug
Administration scientists discovered that when malathion and
certain other organic phosphates are administered simultane-
ously a massive poisoning results—up to 5o times as severe as
would be predicted on the basis of adding together the toxicities
of the two. In other words, o0 of the lethal dose of each
compound may be fatal when the two are combined.

This discovery led to the testing of other combinations. It is
now known that many pairs of organic phosphate insecticides
are highly dangerous, the toxicity being stepped up or “poten-
tiated” through the combined action. Potentiation seems to take
place when one compound destroys the liver enzyme responsi-
ble for detoxifying the other. The two need not be given
simultaneously. The hazard exists not only for the man who
may spray this week with one insecticide and next week with
another; it exists also for the consumer of sprayed products.
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‘The common salad bowl may easily present a combination of
organic phosphate insecticides. Residues well within the legally
permissible limits may interact.

The full scope of the dangerous interaction of chemicals is as
yet little known, but disturbing findings now come regularly
from scientific laboratories. Among these is the discovery that
the toxicity of an organic phosphate can be increased by a sec-
ond agent that is not necessarily an insecticide. For example,
one of the plasticizing agents may act even more strongly
than another insecticide to make malathion more dangerous.
Again, this is because it inhibits the liver enzyme that normally
would “draw the teeth” of the poisonous insecticide.

What of other chemicals in the normal human environment?
What, in particular, of drugs? A bare beginning has been made
on this subject, but already it is known that some organic phos-
phates (parathion and malathion) increase the toxicity of some
drugs used as muscle relaxants, and that several others (again
including malathion) markedly increase the sleeping time of
barbiturates.

In Greek mythology the sorceress Medea, enraged at being
supplanted by a rival for the affections of her husband Jason,
presented the new bride with a robe possessing magic properties.
The wearer of the robe immediately suffered a violent death.
This death-by-indirection now finds its counterpart in what
are known as “systemic insecticides.” These are chemicals with
extraordinary properties which are used to convert plants or
animals into a sort of Medea’s robe by making them actually
poisonous. This is done with the purpose of killing insects that
may come in contact with them, especially by sucking their
juices or blood.

The world of systemic insecticides is a weird world, surpass-
ing the imaginings of the brothers Grimm — perhaps most
closely akin to the cartoon world of Charles Addams. It is a
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world where the enchanted forest of the fairy tales has become
the poisonous forest in which an insect that chews a leaf or sucks
the sap of a plant is doomed. It is 2 world where a flea bites a
dog, and dies becaunse the dog’s blood has been made poisonou.s,
where an insect may die from vapors emanating from a plant it
has never touched, where a bee may carry poisonous nectar
back to 1ts hive and presently produce poisonous honey.

The entomologists’ dream of the built-in insecticide was
born when workers in the field of applied entomology realized
they could take a hint from nature: they found that wheat
growing in soil containing sodium selenate was immune to at-
tack by aphids or spider mites. Selenium, a naturally occurring
element found sparingly in rocks and soils of many parts of the
world, thus became the first systemic insecticide.

‘What makes an insecticide a systemic is the ability to per-
meate all the tissues of a plant or animal and make them roxic.
This quality is possessed by some chemicals of the chlorinated
hydrocarbon group and by others of the organophosphorus
group, all synthetically produced, as well as by certain nat_“urally
occurring substances. In practice, however, most systemics are
drawn from the organophosphorus group because the problem
of residues is somewhat less acute.

Systemics act in other devious ways, Applied to seeds, either
by soaking or in a coating combined with carbon, they extend
their effects into the following plant generation and produce
seedlings poisonous to aphids and other sucking insects. Vege-
tables such as peas, beans, and sugar beets are sometimes thus
protected. Cotton seeds coated with a systemic insecticide
have been in use for some time in California, where 25 farm
laborers planting cotton in the San Joaquin Valley in 1959
were seized with sudden illness, caused by handling the bags of
treated seeds.

In England someone wondered what happened when bees
made use of nectar from plants treated with systemics. This was
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investigated in areas treated with a chemical called schradan.
Although the plants had been sprayed before the flowers were
formed, the nectar later produced contained the poison. The
result, as might have been predicted, was that the honey made
by the bees also was contaminated with schradan.

Use of animal systemics has concentrated chiefly on control
of the cattle grub, a damaging parasite of livestock. Extreme
care must be used in order to create an insecticidal effect in the
blood and tissues of the host without setting up a fatal poisoning.
The balance is delicate and government veterinarians have
found that repeated small doses can gradually deplete an ani-
mal’s supply of the protective enzyme cholinesterase, so that
without warning a minute additional dose will cause poisoning.

There are strong indications that fields closer to our daily
lives are being opened up. You may now give your dog a pill
which, it is claimed, will rid him of fleas by making his blood
poisonous to them. The hazards discovered in treating cattle
would presumably apply to the dog. As yet no one seems to
have proposed a human systemic that would make us lethal to
a mosquito. Perhaps this is the next step.

So far in this chapter we have been discussing the deadly
chemicals that are being used in our war against the insects.
What of our simultaneous war against the weeds?

The desire for a quick and easy method of killing unwanted
plants has given rise to a large and growing array of chemicals
that are known as herbicides, or, less formally, as weed killers.
The story of how these chemicals are used and misused will be
told in Chapter 6; the question that here concerns us is whether
the weed killers are poisons and whether their use is contributing
to the poisoning of the environment.

The legend that the herbicides are toxic only to plants and
so pose no threat to animal life has been widely disseminated,
but unfortunately it is not true. The plant killers include a large
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variety of chemicals that act on animal tissue as well as on
vegetation, They vary greatly in their action on the organism.
Some are general poisons, some are powerful stimulants of me-
tabolism, causing a fatal rise in body temperature, some induce
malignant tumors either alone or in partnership with other
chemicals, some strike at the genetic material of the race by
causing gene mutations. The herbicides, then, like the insecti-
cides, include some very dangerous chemicals, and their care-
less use in the belief that they are “safe” can have disastrous
results,

Despite the competition of a constant stream of new chemi-
cals issuing from the laboratories, arsenic compounds are stll
liberally used, both as insecticides (as mentioned above) and as
weed killers, where they usually take the chemical form of
sodium arsenite, The history of their use is not reassuring. As
roadside sprays, they have cost many a farmer his cow and
killed uncounted numbers of wild creatures. As aquatic weed
killers in lakes and reservoirs they have made public waters un-
suitable for drinking or even for swimming, As a spray applied
to potato fields to destroy the vines they have taken a toll of
human and nonhuman life.

In England this Jatter practice developed about 1951 as a
result of a shortage of sulfuric acid, formerly used to burn off
the potato vines. The Ministry of Agriculture considefed it
necessary to give warning of the hazard of going into the arsenic-
sprayed fields, but the warning was not understood by the cattle
(nor, we must assume, by the wild animals and birds) and re-
ports of cattle poisoned by the arsenic sprays came with monot-
onous regularity. When death came also to a farmer’s wife
through arsenic-contaminated water, one of the major English
chemical companies (in 1959) stopped production of arsenical
sprays and called in supplies already in the hands of dealers,
and shortly thereafter the Ministry of Agriculture announced
that because of high risks to people and cattle restrictions on the
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use of arsenites would be imposed. In 1961, the Australian
government announced a similar ban. No such restrictions im-
pede the use of these poisons in the United States, however.

Some of the “dinitro” compounds are also used as herbicides.
They are rated as among the most dangerous materials of this
type in use in the United States. Dinitrophenol is a strong
metabolic stimulant. For this reason it was at one time used as
a reducing drug, but the margin between the slimming dose and
that required to poison or kill was slight — so slight that several
patients died and many suffered permanent injury before use
of the drug was finally halted.

A related chemical, pentachlorophenol, sometimes known as
“penta,” is used as a weed killer as well as an insecticide, often
being sprayed along railroad tracks and in waste areas. Penta
is extremely toxic to a wide variety of organisms from bacteria
to man. Like the dinitros, it interferes, often fatally, with the
body’s source of energy, so that the affected organism almost
literally burns itself up. Its fearful power is illustrated in a fatal
accident recently reported by the California Department of
Health. A tank truck driver was preparing a cotton defoliant
by mixing diesel oil with pentachlorophenol. As he was draw-
ing the concentrated chemical out of a drum, the spigot ac-
cidentally toppled back. He reached in with his bare hand to
regain the spigot, Although he washed immediately, he became
acutely ill and died the next day.

While the results of weed killers such as sodium arsenite or
the phenols are grossly obvious, some other herbicides are more
insidious in their effects. For example, the now famous cran-
berry-weed-killer aminotriazole, or amitrol, is rated as having
relatively low toxicity. But in the long run its tendency to cause
malignant tumors of the thyroid may be far more significant for
wildlife and perhaps also for man.

Among the herbicides are some that are classified as “muta-
gens,” or agents capable of modifying the genes, the materials
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of heredity. We are rightly appalled by the genetic effects of
radiation; how then, can we be indifferent to the same effect in
chemicals that we disseminate widely in our environment?
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Louisiana State University Agricultural Experiment Station,
Dr. L. D. Newsom: “The imported fire ant ‘eradication’ pro-
gram which has been conducted by state and federal agencies §
is thus far a failure. There are more infested acres in Louisiana

now than when the program began.”

A swing to more sane and conservative methods seems to §
have begun. Florida, reporting that “there are more fire ants §
in Florida now than there were when the program started,” §
announced it was abandoning any idea of a broad eradication §

program and would instead concentrate on local control.

Effective and inexpensive methods of local control have been
known for years. The mound-building habit of the fire ant }
makes the chemical treatment of individual mounds a simple §
matter. Cost of such treatment is about one dollar per acre.
For situations where mounds are numerous and mechanized §
methods are desirable, a cultivator which first levels and then
applies chemical directly to the mounds has been developed by |
Mississippi’s Agricultural Experiment Station. The method gives §
90 to 95 per cent control of the ants. Its cost is only $.23 per
acre. The Agriculture Department’s mass control program, on §
the other hand, cost about $3.50 per acre — the most expensive, §

the most damaging, and the least effective program of all.

1. Beyond the

Dreams of the Borgias

THE coNTAMINATION of our world is not alone a matter of mass
spraying. Indeed, for most of us this is of less importance than
the innumerable small-scale exposures to which we are subjected
day by day, year after year. Like the constant dripping of
water that in turn wears away the hardest stone, this birth-to-
death contact with dangerous chemicals may in the end prove
disastrous, Each of these recurrent exposures, no matter how
slight, contributes to the progressive buildup of chemicals in
our bodies and so to cumulative poisoning. Probably no person
is immune to contact with this spreading contamination unless



174 SILENT SPRING

he lives 1n the most isolated situation imaginable. Lulled by the
soft sell and the hidden persuader, the average citizen is seldom
aware of the deadly materials with which he is surrounding him-
self; indeed, he may not realize he is using them at all.

So thoroughly has the age of poisons become established that
anyone may walk into a store and, without questions being
asked, buy substances of far greater death-dealing power than
the medicinal drug for which he may be required to sign a “poi-
son book” in the pharmacy next door. A few minutes’ research
in any supermarket is enough to alarm the most stouthearted
customer — provided, that is, he has even a rudimentary knowl-
edge of the chemicals presented for his choice.

If a huge skull and crossbones were suspended above the in-
secticide department the customer might at least enter it with
the respect normally accorded death-dealing materials. But in-
stead the display is homey and cheerful, and, with the pickles
and olives across the aisle and the bath and laundry soaps ad-
joining, the rows upon rows of insecticides are displayed.
Within easy reach of a child’s exploring hand are chemicals in
glass containers. If dropped to the floor by a child or careless
adult everyone nearby could be splashed with the same chem-
ical that has sent spraymen using it into convulsions. These
hazards of course follow the purchaser right into his home. A
can of a mothproofing material containing DDD, for example,
carries in very fine print the warning that its contents are under
pressure and that it may burst if exposed to heat or open flame.
A common insecticide for household use, including assorted

uses in the kitchen, is chlordane. Yet the Food and Drug Ad- 7

ministration’s chief pharmacologist has declared the hazard of
living in a house sprayed with chlordane to be “very great.”

Other household preparations contain the even more toxic 3

dieldrin,
Use of poisons in the kitchen is made both attractive and easy.
Kitchen shelf paper, white or tinted to match one’s color scheme,
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may be impregnated with insecticide, not merely on one but on
both sides. Manufacturers offer us do-it-yourself booklets on
how to kill bugs. With push-button ease, one may send a fog
of dieldrin into the most inaccessible nooks and crannies of
cabinets, corners, and baseboards.

If we are troubled by mosquitoes, chiggers, or other insect
pests on our persons we have a choice of innumerable lotions,
creams, and sprays for application to clothing or skin. Although
we are warned that some of these will dissolve varnish, paint,
and synthetic fabrics, we are presumably to infer that the human
skin is impervious to chemicals. To make certain that we shall
at all times be prepared to repel insects, an exclusive New York
store advertises a pocket-sized insecticide dispenser, suitable for
the purse or for beach, golf, or fishing gear,

We can polish our floors with a wax guaranteed to kill any
insect that walks over it. We can hang strips impregnated with
the chemical lindane in our closets and garment bags or place
them in our bureau drawers for a half year’s freedom from
worry over moth damage. The advertissments contain no sug-
gestion that lindane is dangerous. Neither do the ads for an
electronic device that dispenses lindane fumes-— we are told
that it is safe and odorless. Yet the truth of the matter is that
the American Medical Association considers lindane vaporizers
so dangerous that it conducted an extended campaign against
them in its Journal,

The Department of Agriculture, in 2 Home and Garden Bul-
letin, advises us to spray our clothing with oil solutions of DDT,
dieldrin, chlordane, or any of several other moth killers. If ex-
cessive spraying results in a white deposit of insecticide on the
fabric, this may be removed by brushing, the Department says,
f)mitting to caution us to be careful where and how the brush-
ing is done. All these matters attended to, we may round out
our day with insecticides by going to sleep under a mothproof
blanket impregnated with dieldrin.
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Gardening is now firmly linked with the super poisons. Every
hardware store, garden-supply shop, and supermarket has rows
of insecticides for every conceivable horticultural situation.
Those who fail to make wide use of this array of lethal sprays
and dusts are by implication remiss, for almost every news-
paper’s garden page and the majority of the gardening maga-
zines take their use for granted.

So extensively are even the rapidly lethal organic phosphorus
nsecticides applied to lawns and ornamental plants that in 1960
the Florida State Board of Health found it necessary to forbid
the commercial use of pesticides in residential areas by anyone
who had not first obtained a permit and met certain require-
ments. A number of deaths from parathion had occurred in
Florida before this regulation was adopted.

Little 1s done, however, to warn the gardener or homeowner
that he is handling extremely dangerous materials. On the con-
trary, a constant stream of new gadgets make it easier to use
poisons on lawn and garden — and increase the gardener’s con-
tact with them. One may get a jar-type attachment for the
garden hose, for example, by which such extremely dangerous
chemicals as chlordane or dieldrin are applied as one waters the
lawn. Such a device is not only a hazard to the person using the
hose; it is also a public menace. The New York Times found it
necessary to issue a warning on its garden page to the effect that
unless special protective devices were installed poisons might get
into the water supply by back siphonage. Considering the num-
ber of such devices that are in use, and the scarcity of warnings
such as this, do we need to wonder why our public waters are
contaminated?

As an example of what may happen to the gardener himself,
we might look at the case of a physician — an enthusiastic spare-
time gardener — who began using DDT and then malathion on
his shrubs and lawn, making regular weekly applications. Some-
times he applied the chemicals with 2 hand spray, sometimes
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with an attachment to his hose. In doing so, his skin and cloth-
ing were often soaked with spray. After about a year of this
sort of thing, he suddenly collapsed and was hospitalized. Ex-
amination of a biopsy specimen of fat showed an accumulation
of 23 parts per million of DDT. There was extensive nerve
damage, which his physicians regarded as permanent. As time
went on he lost weight, suffered extreme fatigue, and experi-
enced a peculiar muscular weakness, a characteristic effect of
malathion. All of these persisting effects were severe enough to
make it difficult for the physician to carry on his practice.

Besides the once innocuous garden hose, power mowers also
have been fitted with devices for the dissemination of pesticides,
attachments that will dispense 2 cloud of vapor as the homeowner
goes about the task of mowing his lawn. So to the potentially
dangerous fumes from gasoline are added the finely divided
particles of whatever insecticide the probably unsuspecting
suburbanite has chosen to distribute, raising the level of air
pollution above his own grounds to something few cities could
equal.

Yet lietle is said about the hazards of the fad of gardening by
poisons, or of insecticides used in the home; warnings on labels
are printed so inconspicuously in small type that few take
the trouble to read or follow them. An industrial firm recently
undertook to find out just how few. Its survey indicated that
fewer than fifteen people out of a hundred of those using in-
secticide aerosols and sprays are even aware of the warnings on
the containers.

The mores of suburbia now dictate that crabgrass must go at
whatever cost. Sacks containing chemicals designed to rid the
lawn of such despised vegetation have become almost a status
symbol. These weed-killing chemicals are sold under brand
names that never suggest their identity or nature. To learn that
they contain chlordane or dieldrin one must read exceedingly
fine print placed on the least conspicuous part of the sack. The
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descriptive literature that may be picked up in any hardware-
or garden-supply store seldom if ever reveals the true hazard
involved in handling or applying the material. Instead, the typ-
ical illustration portrays a happy family scene, father and son
smilingly preparing to apply the chemical to the lawn, small
children tumbling over the grass with a dog.

The question of chemical residues on the food we eat is a
hotly debated issue. The existence of such residues is either
played down by the industry as unimportant or is flatly de-
nied. Simultaneously, there is a strong tendency to brand as
fanatics or cultsts all who are so perverse as to demand that
their food be free of insect poisons. In all this cloud of con-
troversy, what are the actual facts?

It has been medically established that, as common sense would
tell us, persons who lived and died before the dawn of the DDT
era (about 1942) contained no trace of DDT or any similar
material in their tissues. As mentioned in Chapter 3, samples of
body fat collected from the general population between 1954
and 1956 averaged from 5.3 to 7.4 parts per million of DDT.
There is some evidence that the average level has risen since
then to a consistently higher figure, and individuals with oc-
cupational or other special exposures to insecticides of course
store even more.

Among the general population with no known gross expos-
ures to insecticides it may be assumed that much of the DDT
stored in fat deposits has entered the body in food. To test this
assumption, a scientific team from the United States Public
Health Service sampled restaurant and institutional meals. Every
meal sampled contained DDT. From this the investigators con-
cluded, reasonably enough, that “few if any foods can be relied
upon to be entirely free of DDT.”

The quantities in such meals may be enormous. In a separate
Public Health Service study, analysis of prison meals disclosed
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such items as stewed dried fruit containing 69.6 parts per million
and bread containing 100.9 parts per million of DDT!

In the diet of the average home, meats and any products
derived from animal fats contain the heaviest residues of chlo-
rinated hydrocarbons. This is because these chemicals are sol-
uble in fat. Residues on fruits and vegetables tend to be some-
what less. These are little affected by washing — the only
remedy is to remove and discard all outside leaves of such vege-
tables as letruce or cabbage, to peel fruit and to use no skins or
outer covering whatever. Cooking does not destroy residues.

Milk is one of the few foods in which no pesticide residues
are permitted by Food and Drug Administration regulations.
In actual fact, however, residues turn up whenever a check is
made., They are heaviest in butter and other manufactured
dairy products. A check of 461 samples of such products in
1960 showed that a third contained residues, a situation which
the Food and Drug Administration characterized as “far from
encouraging.”

To find a diet free from DDT and related chemicals, it seems
one must go to a remote and primitive land, still lacking the
amenities of civilization. Such a land appears to exist, at least
marginally, on the far Arctic shores of Alaska — although even
there one may see the approaching shadow. When scientists
investigated the native diet of the Eskimos in this region it was
found to be free from insecticides. The fresh and dried fish;
the fat, oil, or meat from beaver, beluga, caribou, moose, oogruk,
polar bear, and walrus; cranberries, salmonberries and wild
rhubarb all had so far escaped contamination. There was only
one exception — two white owls from Point Hope carried small
amounts of DDT, perhaps acquired in the course of some mi-
gratory journey.

When some of the Eskimos themselves were checked by anal-
ysis of fat samples, small residues of DDT were found (o to
1.9 parts per million). The reason for this was clear, The fat
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samples were taken from people who had left their native vil-
lages to enter the United States Public Health Service Hospital
in Anchorage for surgery. There the ways of civilization pre-
vailed, and the meals in this hospital were found to contain as
much DDT as those in the most populous city. For their brief
stay in civilization the Eskimos were rewarded with a taint of
poison.

The fact that every meal we eat carries its load of chlorinated
hydrocarbons is the inevitable consequence of the almost uni-
versal spraying or dusting of agricultural crops with these poi-
sons, If the farmer scrupulously follows the instructions on the
labels, his use of agricultural chemicals will produce no residues
larger than are permitted by the Food and Drug Administration.
Leaving aside for the moment the question whether these legal
residues are as “safe” as they are represented to be, there remains
the well-known fact that farmers very frequently exceed the
prescribed dosages, use the chemical too close to the time of har-
vest, use several insecticides where one would do, and in other
ways display the common human failure to read the fine print.

Even the chemical industry recognizes the frequent misuse
of insecticides and the need for education of farmers. One of its
leading trade journals recently declared that “many users do
not seem to understand thac they may exceed insecticide toler-
ances if they use higher dosages than recommended. And hap-
hazard use of insecticides on many crops may be based on
farmers’ whims.”

The files of the Food and Drug Administration contain
records of a disturbing number of such violations. A few ex-
amples will serve to illustrate the disregard of directions: a let-
tuce farmer who applied not one but eight different insecticides
to his crop within a short time of harvest, a shipper who had
used the deadly parathion on celery in an amount five times the
-recommended maximum, growers using endrin — most toxic of
all the chlorinated hydrocarbons — on lettuce although no resi-
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due was allowable, spinach sprayed with DDT a week before
harvest.

There are also cases of chance or accidental contamination.
Large lots of green coffee in burlap bags have become con-
taminated while being transported by vessels also carrying a
cargo of insecticides. Packaged foods in warehouses are sub-
jected to repeated aerosol treatments with DDT, lindane, and
other insecticides, which may penetrate the packaging materials
and occur in measurable quantities on the contained foods. The
longer the food remains in storage, the greater the danger of
contamination.

To the question “But doesn’t the government protect us from
such things?” the answer is, “Only to a limited extent.” The
activities of the Food and Drug Administration in the field of
consumer protection against pesticides are severely limited by
two facts. The first is that it has jurisdiction only over foods
shipped in interstate commerce; foods grown and marketed
within a state are entirely outside its sphere of authority, no
matter what the violation. The second and critically limiting
fact is the small number of inspectors on its staff — fewer than
6oo men for all its varied work. According to a Food and Drug
official, only an infinitesimal part of the crop products moving
in interstate commerce — far less than 1 per cent-— can be
checked with existing facilities, and this is not enough to have
statistical significance. As for food produced and sold within a
state, the situation is even worse, for most states have woefully
inadequate laws in this field.

The system by which the Food and Drug Administration
establishes maximum permissible limits of contamination, called
“tolerances,” has obvious defects. Under the conditions pre-
vailing it provides mere paper security and promotes a com-
pletely unjustified impression thar safe limits have been estab-
lished and are being adhered to. As to the safety of allowing a
sprinkling of poisons on our food — 2 little on this, a little on
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that — many people contend, with highly persuasive reasons,
that no poison is safe or desirable on food. In setting a tolerance
level the Food and Drug Administration reviews tests of the
poison on laboratory animals and then establishes a2 maximum
level of contamination that is much less than required to produce
symptoms in the test animal. This system, which is supposed
to ensure safety, ignores 2 number of important facts. A labora-
tory animal, living under controlled and highly artificial condi-
tions, consuming a given amount of a specific chemical, is very
different from a human being whose exposures to pesticides are
not only multiple but for the most part unknown, unmeasur-
able, and uncontrollable. Even if 7 parts per million of DDT on
the lettuce in his luncheon salad were “safe,” the meal includes
other foods, each with allowable residues, and the pesticides on
his food are, as we have seen, only a part, and possibly a small
part, of his total exposure. This piling up of chemicals from
many different sources creates a total exposure that cannot be
measured. It is meaningless, therefore, to talk about the “safety”
of any specific amount of residue.

And there are other defects. Tolerances have sometimes been
established against the better judgment of Food and Drug Ad-
ministration scientists, as in the case cited on page 224 ff., or
they have been established on the basis of inadequate knowl-
edge of the chemical concerned. Better information has led to
later reduction or withdrawal of the tolerance, but only after
the public has been exposed to admittedly dangerous levels of
the chemical for months or years. This happened when hepta-
chlor was given a tolerance that later had to be revoked. For
some chemicals no practical field method of analysis exists be-
fore a chemical is registered for use. Inspectors are therefore
frustrated in their search for residues. This difficulty greatly
hampered the work on the “cranberry chemical,” aminotriazole.
Analytical methods are lacking, too, for certain fungicides in
common use for the treatment of seeds — seeds which if unused
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at the end of the planting season, may very well find their way
mnto human food.

In effect, then, to establish tolerances is to authorize con-
tamination of public food supplies with poisonous chemicals in
order that the farmer and the processor may enjoy the benefit
of cheaper production — then to penalize the consumer by tax-
ing him to maintain a policing agency to make certain that he
shall not get a lethal dose. But to do the policing job properly
would cost money beyond any legislator’s courage to appro-
priate, given the present volume and toxicity of agricultural
chemicals. So in the end the luckless consumer pays his taxes
but gets his poisons regardless.

What is the solution? The first necessity is the elimination of
tolerances on the chlorinated hydrocarbons, the organic phos-
phorus group, and other highly toxic chemicals. It will im-
mediately be objected that this will place an intolerable burden
on the farmer. But if, as is now the presumable goal, it is pos-
sible to use chemicals in such a way that they leave a residue of
only 7 parts per million (the tolerance for DDT), or of 1 part
per million (the tolerance for parathion), or even of only o.1
part per million as is required for dieldrin on a great variety of
fruits and vegetables, then why is it not possible, with only a
little more care, to prevent the occurrence of any residues at
all? This, in fact, is what is required for some chemicals such as
heptachlor, endrin, and dieldrin on certain crops. If it is con-
sidered practical in these instances, why not for all?

But this is not a complete or final solution, for a zero tolerance
on paper is of little value. At present, as we have seen, more
than g9 per cent of the interstate food shipments slip by without
inspection. A vigilant and aggressive Food and Drug Admin-
istration, with a greatly increased force of inspectors, is another
urgent need.

This system, however — deliberately poisoning our food, then
policing the result — is too reminiscent of Lewis Carroll's White
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Knight who thought of “a plan to dye one’s whiskers green, and
always use so large a fan that they could not be seen.” The ulti-
mate answer 1S to use less toxic chemicals so that the public hazard
from their misuse is greatly reduced. Such chemicals already
exist: the pyrethrins, rotenone, ryania, and others derived from
plant substances. Synthetic substitutes for the pyrethrins have
recently been developed, and some of the producing countries
stand ready to increase the output of the natural product as the
market may require. Public education as to the nature of the
chemicals offered for sale is sadly needed. The average pur-
chaser is completely bewildered by the array of available insecti-
cides, fungicides, and weed killers, and has no way of knowing
which are the deadly ones, which reasonably safe.

In addition to making this change to less dangerous agricultural
pesticides, we should diligently explore the possibilities of non-
chemical methods. Agricultural use of insect diseases, caused
by a bacterium highly specific for certain 1ypes of insects, is
already being tried in California, and more extended tests of this
method are under way. A great many other possibilities exist
for effective insect control by methods that will leave no resi-
dues on foods (see Chapter 17). Until a large-scale conversion
to these methods has been made, we shall have little relief from
a situation that, by any common-sense standards, is intolerable.
As matters stand now, we are in lictle better position than the
guests of the Borgias.
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{ ; 17. The Other Road

WE staAND Now where two roads diverge. But unlike the roads
in Robert Frost’s familiar poem, they are not equally fair. The
road we have long been traveling is deceptively easy, a smooth
r ] superhighway on which we progress with great speed, but at
its end lies disaster. The other fork of the road — the one “less
traveled by” — offers our last, our only chance to reach a des-
tination that assures the preservation of our earth,

The choice, after all, is ours to make. If, having endured
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much, we have at last asserted our “right to know,” and if,
knowing, we have concluded that we are being asked to take
senseless and frightening risks, then we should no longer accept
the counsel of those who tell us that we must fill our world with
poisonous chemicals; we should look about and see what other
course is open to us.

A truly extraordinary variety of alternatives to the chemical
control of insects is available. Some are already in use and have
achieved brilliant success. Others are in the stage of laboratory
testing. Still others are little more than ideas in the minds of
imaginative scientists, waiting for the opportunity to put them
to the test. All have this in common: they are biological solu-
tions, based on understanding of the living organisms they seek
to control, and of the whole fabric of life to which these organ-
isms belong. Specialists representing various areas of the vast
field of biology are contributing — entomologists, pathologists,
geneticists, physiologists, biochemists, ecologists — all pouring
their knowledge and their creative inspirations into the forma-
tion of a new science of biotic controls.

“Any science may be likened to a river,” says a2 Johns Hopkins
biologist, Professor Carl P. Swanson, “It has its obscure and
unpretentious beginning; its quiet stretches as well as its rapids;
its periods of drought as well as of fullness. It gathers momentum
with the work of many investigators and as it is fed by other
streams of thought; it is deepened and broadened by the concepts
and generalizations that are gradually evolved.”

So it is with the science of biological control in its modern
sense. In America it had its obscure beginnings a century ago
with the first attempts to introduce natural enemies of insects
that were proving troublesome to farmers, an effort that some-
times moved slowly or not at all, but now and again gathered
speed and momentum under the impetus of an outstanding suc-
cess. It had its period of drought when workers in applied
entomology, dazzled by the spectacular new insecticides of the
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1940’s, turned their backs on all biological methods and set foot
on “the treadmill of chemical control.” But the goal of an
insect-free world continued to recede. Now at last, as it has
become apparent that the heedless and unrestrained use of chemi-
cals is a greater menace to ourselves than to the targets, the river
which is the science of biotic control flows again, fed by new
streams of thoughe,

Some of the most fascinating of the new methods are those
that seek to turn the strength of a species against itself — to use
the drive of an insect’s life forces to destroy it. The most spec-
tacular of these approaches is the “male sterilization” technique
developed by the chief of the United States Department of
Agriculture’s Entomology Research Branch, Dr. Edward Knip-
ling, and his associates,

About a quarter of a century ago Dr. Knipling startled his
colleagues by proposing a unique method of insect control. If
it were possible to sterilize and release large numbers of insects,
he theorized, the sterilized males would, under certain condi-
tions, compete with the normal wild males so successfully that,
after repeated releases, only infertile eggs would be produced
and the population would die out.

The proposal was met with bureaucratic inertia and with
skepticism from scientists, but the idea persisted in Dr. Knipling’s
mind. One major problem remained to be solved before it could
be put to the test — a practical method of insect sterilization had
to be found. Academically, the fact that insects could be steril-
ized by exposure to X-ray had been known since 1916, when
an entomologist by the name of G. A. Runner reported such
sterilization of cigarette beeties. Hermann Muller’s pioneering
work on the production of mutations by X-ray opened up
vast new areas of thought in the late 1920, and by the mid-
Flle of the century various workers had reported the steril-
fzation by X-rays or gamma rays of at least a dozen species of
insects,




280 SILENT SPRING

But these were laboratory experiments, still a long way from
practical application. About 1950, Dr. Knipling launched 2
serious effort to turn insect sterilization into a weapon that
would wipe out a major insect enemy of livestock in the South,
the screw-worm fly. The females of this species lay their eggs
in any open wound of a warm-blooded animal. The hatching
larvae are parasitic, feeding on the flesh of the host. A full-
grown steer may succumb to a heavy infestation in 10 days, and
livestock losses in the United States have been estimated at
$40,000,000 a year. The toll of wildlife is harder to measure, but
it must be great. Scarcity of deer in some areas of Texas is at-
tributed to the screw-worm. This is a tropical or subtropical
insect, inhabiting South and Central America and Mexico, and
mn the United States normally restricted to the Southwest. About
1933, however, it was accidentally introduced into Florida,
where the climate allowed it to survive over winter and to estab-
lish populations. It even pushed into southern Alabama and
Georgia, and soon the livestock industry of the southeastern
states was faced with annual losses running to $20,000,000.

A vast amount of information on the biology of the screw-
worm had been accumulated over the years by Agriculture De-
partment scientists in Texas. By 1954, after some preliminary
field trials on Florida islands, Dr. Knipling was ready for a full-
scale test of his theory. For this, by arrangement with the
Dutch Government, he went to the island of Curacao in the
Caribbean, cut off from the mainland by at least 50 miles of
sea.

Beginning in August 1954, screw-worms reared and sterilized
in an Agriculture Department laboratory in Florida were flown
to Curagao and released from airplanes at the rate of about 400
per square mile per week. Almost at once the number of egg
masses deposited on experimental goats began to decrease, as
did their fertility. Only seven weeks after the releases were
started, all eggs were infertile. Soon it was impossible to find
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a single egg mass, sterile or otherwise. The screw-worm had
indeed been eradicated on Curagao.

The resounding success of the Curacao experiment whetted
the appetites of Florida livestock raisers for a similar feat that
would relieve them of the scourge of screw-worms. Although
the difficulties here were relatively enormous—an area 300
times as large as the small Caribbean island — in 1957 the United
States Department of Agriculture and the State of Florida joined
in providing funds for an eradication effort. The project in-
volved the weekly production of about 5o million screw-worms
at a specially constructed “fly factory,” the use of 20 light air-
planes to fly pre-arranged flight patterns, five to six hours daily,
each plane carrying a thousand paper cartons, each carton con-
taining 200 to 400 irradiated flies.

The cold winter of 1957-58, when freczing temperatures
gripped northern Florida, gave an unexpected opportunity to
start the program while the screw-worm populations were re-
duced and confined to 2 small area. By the time the program
was considered complete at the end of 17 months, 3% billion
artificially reared, sterilized flies had been released over Florida
and sections of Georgia and Alabama. The last-known animal
wound infestation that could be attributed to screw-worms oc-
curred in February 1959. In the next few weeks several adults
were taken in traps. Thereafter no trace of the screw-worm
could be discovered. Its extinction in the Southeast had been
accomplished —a triumphant demonstration of the worth of
scientific creativity, 2ided by thorough basic research, persist-
ence, and determinacion.

Now a quarantine barrier in Mississippi seeks to prevent the
re-entrance of the screw-worm from the Southwest, where it is
firmly entrenched. FEradication there would be a formidable
undertaking, considering the vast areas involved and the prob-
ability of re-invasion from Mexico. Nevertheless, the stakes are
high and the thinking in the Department seems to be that some
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sort of program, designed at least to hold the screw-worm popu-
lations at very low levels, may soon be attempted in Texas and
other infested areas of the Southwest.

The brilliant success of the screw-worm campaign has stimu-
lated tremendous interest in applying the same methods to other
insects. Not all, of course, are suitable subjects for this tech-
nique, much depending on details of the life history, popula-
tion density, and reactions to radiation.

Experiments have been undertaken by the British in the hope
that the method could be used against the tsetse fly in Rhodesia.
This insect infests about a third of Africa, posing a menace to
human health and preventing the keeping of livestock in an area
of some 4% million square miles of wooded grasslands. The
habits of the tsetse differ considerably from those of the screw-
worm fly, and although it can be sterilized by radiation some
technical difficulties remain to be worked out before the method
can be applied.

The British have already tested a large number of other species
for susceptibility to radiation. United States scientists have had
some encouraging early results with the melon fly and the ori-
ental and Mediterranean fruit flies in laboratory tests in Hawaii
and field tests on the remote island of Rota. The corn borer
and the sugarcane borer are also being tested. There are pos-
sibilities, too, that insects of medical importance might be con-
trolled by sterilization. A Chilean scientist has pointed out that
malaria-carrying mosquitoes persist in his country in spite of
insecticide treatment; the release of sterile males might then pro-
vide the final blow needed to eliminate this population.

The obvious difficulties of sterilizing by radiation have led to
search for an easier method of accomplishing similar results, and
there is now a strongly running tide of interest in chemical
sterilants.

Scientists at the Department of Agriculture laboratory in
Orlando, Florida, are now sterilizing the housefly in laboratory
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experiments and even in some field trials, using chemicals in-
corporated in suitable foods. In a test on an island in the Florida
Keys in 1961, a population of flies was nearly wiped out within
a period of only five weeks. Repopulation of course followed
from nearby islands, but as a pilot project the test was success-
ful. The Department’s excitement about the promise of this
method is easily understood. In the first place, as we have seen,
the housefly has now become virtually uncontrollable by insecti-
cides. A completely new method of control is undoubtedly
needed. One of the problems of sterilization by radiation is
that this requires not only artificial rearing but the release of
sterile males in larger number than are present in the wild
population. This could be done with the screw-worm, which is
actually not an abundant insect. With the housefly, however,
more than doubling the population through releases could be
highly objectionable, even though the increase would he only
temporary. A chemical sterilant, on the other hand, could be
combined with a bait substance and introduced into the natural
environment of the fly; insects feeding on it would become
sterile and in the course of time the sterile flics would pre-
dominate and the insects would breed themselves out of exis-
tence,

The testing of chemicals for a sterilizing effect is much more
difficult than the testing of chemical poisons. It takes 3o days
to evaluate one chemical — although, of course, a number of
tests can be run concurrently. Yet between April 1958 and
December 1961 several hundred chemicals were screened at the
Orlando laboratory for a possible sterilizing effect. The Depart-
ment of Agriculture seems happy to have found among these
even a handful of chemicals that show promise.

Now other laboratories of the Department are taking up the
problem, testing chemicals against stable flies, mosquitoes, boll
weevils, and an assortment of fruit flies. All this is presently
experimental but in the few years since work began on chemo-
sterilants the project has grown enormously. In theory it has
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many attractive features. Dr. Knipling has pointed out that ef-
fective chemical insect sterilization “might easily outdo some of
the best of known insecticides.” Take an imaginary situation in
which a population of a million insects is multiplying five times
m each generation. An insecticide might kill go per cent of each
generation, leaving 125,000 insects alive after the third genera-
tion. In contrast, a chemical that would produce go per cent
sterility would leave only 125 insects alive,

On the other side of the coin is the fact that some extremely
potent chemicals are involved. It is fortunate that at least during
these early stages most of the men working with chemosterilants
seem mindful of the need to find safe chemicals and safe methods
of application. Nonetheless, suggestions are heard here and there
that these sterilizing chemicals might be applied as aerial sprays
— for example, to coat the foliage chewed by gypsy moth larvae.
To attempt any such procedure without thorough advance re-
search on the hazards involved would be the height of irrespon-
sibility. If the potential hazards of the chemosterilants are not
constantly borne in mind we could easily find ourselves in even
worse trouble than that now created by the insecticides,

The sterilants currently being tested fall generally into two
groups, both of which are extremely interesting in their mode
of action. The first are intimately related to the life processes,
or metabolism, of the cell; i.e., they so closely resemble a sub-
stance the cell or tssue needs that the organism “mistakes” them
for the true metabolite and tries to incorporate them in its
normal building processes. But the fit is wrong in some detail and
the process comes to a halt, Such chemicals are called anti-
metabolites.

The second group consists of chemicals that act on the
chromosomes, probably affecting the gene chemicals and caus-
ing the chromosomes to break up. The chemosterilants of this
group are alkylating agents, which are extremely reactive chem-
icals, capable of intense cell destruction, damage to chromo-
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somes, and production of mutations. It is the view of Dr. Peter
Alexander of the Chester Beatty Research Institute in London
that “any alkylating agent which is effective in sterilizing insects
would also be a powerful mutagen and carcinogen.” Dr. Alex-
ander feels that any conceivable use of such chemicals in insect
control would be “open to the most severe objections.” It is to be
hoped, therefore, that the present experiments will lead not to
actual use of these particular chemicals but to the discovery of
others that will be safe and also highly specific in their action
on the target insect.

Some of the most interesting of the recent work is concerned
with sull other ways of forging weapons from the insect’s own
life processes. Insects produce a variety of venoms, attractants,
repellants, What is the chemical nature of these secretions?
Could we make use of them as, perhaps, very selective insecti-
cides? Scientists at Cornell University and elsewhere are trying
to find answers to some of these questions, studying the defense
mechanisms by which many insects protect themselves from
attack by predators, working out the chemical structure of insect
secretions. Other scientists are working on the so-called “juve-
nile hormone,” a powerful substance which prevents metamor-
phosis of the larval insect until the proper stage of growth has
been reached.

Perhaps the most immediately useful result of this exploration
of insect secretion is the development of lures, or attractants.
Here again, nature has pointed the way. The gypsy moth is an
especially intriguing example. The female moth is too heavy-
bodied to fly. She lives on or near the ground, fluttering about
among low vegetation or creeping up tree trunks, The male, on
the contrary, is a strong flier and is attracted even from con-
siderable distances by a scent released by the female from special
glands. Entomologists have taken advantage of this fact for a
good many years, laboriously preparing this sex attractant from
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the bodies of the female moths. It was then used in traps set for
the males in census operations along the fringe of the insect’s
range. But this was an extremely expensive procedure. Despite
the much publicized infestations in the northeastern states, there
were not enough gypsy moths to provide the material, and hand-
collected female pupae had to be imported from Europe, some-
times at a cost of half a dollar per tip. It was a tremendous
breakthrough, therefore, when, after years of effort, chemists
of the Agriculture Department recently succeeded in isolating
the artractant. Following upon this discovery was the success-
ful preparation of a closely related synthetic material from a
constituent of castor oil; this not only deceives the male moths
but is apparently fully as attractive as the natural substance. As
lictle 2s onme microgram (1/1,000,000 gram) in a trap is an
effective lure.

All this is of much more than academic interest, for the new
and economical “gyplure” might be used not merely in census
operations but in control work. Several of the more attractive
possibilities are now being tested. In what might be termed an
experiment in psychological warfare, the attractant is combined
with a granular material and distributed by planes. The aim is
to confuse the male moth and alter the normal behavior so that,
in the welter of attractive scents, he cannot find the true scent
trail leading to the female. This line of atrack is being carried
even further in experiments aimed at deceiving the male into
attempting to mate with a spurious female. In the laboratory,
male gypsy moths have attempted copulation with chips of
wood, vermiculite, and other small, inanimate objects, so long
as they were suitably impregnated with gyplure. Whether such
diversion of the mating instinct into nonproductive channels
would actually serve to reduce the population remains to be
tested, but it is an interesting possibility.

The gypsy moth lure was the first insect sex attractant to be
synthesized, but probably there will soon be others, A number
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of agricultural insects are being studied for possible attractants
that man could imitate. Encouraging results have been obtained
with the Hessian fly and the tobacco hornworm.

Combinations of attractants and poisons are being tried against
several insect species. Government scientists have developed an
attractant called methyl-eugenol, which males of the oriental
fruit fly and the melon fly find irresistible. This has been com-
bined with a poison in tests in the Bonin Islands 450 miles south
of Japan. Small pieces of fiberboard were impregnated with the
two chemicals and were distributed by air over the entire island
chain to attract and kill the male flies. This program of “male
annihilation” was begun in 196o: a year later the Agriculture
Department estimated that more than g9 per cent of the popula-
tion had been climinated. The method as here applied seems to
have marked advantages over the conventional broadcasting of
insecticides. The poison, an organic phosphorus chemical, is
confined to squares of fiberboard which are unlikely to be eaten
by wildlife; its residues, moreover, are quickly dissipated and so
are not potential contaminants of soil or water.

But not all communication in the insect world is by scents that
lure or repel. Sound also may be a warning or an attraction.
The constant stream of ultrasonic sound that issues from a bat
in flight (serving as a radar system to guide it through dark-
ness) is heard by certain moths, enabling them to avoid capture.
The wing sounds of approaching parasitic flies warn the larvae
of some sawflies to herd together for protection. On the other
hand, the sounds made by certain wood-boring insects enable
their parasites to find them, and to the male mosquito the wing-
beat of the female is a siren song.

What use, if any, can be made of this ability of the insect to
detect and react to sound? As yet in the experimental stage,
but nonetheless interesting, is the initial success in attracting male
mosquitoes to playback recordings of the flight sound of the
female. The males were lured to a charged grid and so killed.
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The repellant effect of bursts of ultrasonic sound is being tested
in Canada against corn borer and cutworm moths. Two author-
ities on anmimal sound, Professors Hubert and Mable Frings of
the University of Hawaii, believe that a ficld method of in-
fluencing the behavior of insects with sound only awaits discov-
ery of the proper key to unlock and apply the vast existing
knowledge of insect sound production and reception. Repel-
lant sounds may offer greater possibilities than attractants. The
Fringses are known for their discovery that starlings scatter in
alarm before a recording of the distress cry of one of their
fellows; perhaps somewhere in this fact is a central truth that
may be applied to insects. To practical men of industry the
possibilities seem real enough so that at least one major electronic
corporation is preparing to set up a laboratory to test them.

Sound is also being tested as an agent of direct destruction.
Ultrasonic sound will kill all mosquito larvae in a laboratory
tank; however, it kills other aquatic organisms as well. In other
experiments, blowflies, mealworms, and yellow fever mosquitoes
have been killed by airborne ultrasonic sound in a matter of
seconds. All such experiments are first steps toward wholly new
concepts of insect control which the miracles of electronics may
some day make 2 reality.

The new biotic control of insects is not wholly a matter of
electronics and gamma radiation and other products of man’s
inventive mind. Some of its methods have ancient roots, based
on the knowledge that, like ourselves, insects are subject to
disease, Bacterial infections sweep through their populations
like the plagues of old; under the onset of a virus their hordes
sicken and die. The occurrence of disease in insects was known
before the time of Aristotle; the maladies of the silkworm were
celebrated in medieval poetry; and through study of the diseases
of this same insect the first understanding of the principles of
infectious disease came to Pasteur.
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Insects are beset not only by viruses and bacteria but also by
fungi, protozoa, microscopic worms, and other beings from all
that unseen world of minute life that, by and large, befriends
mankind. For the microbes include not only disease organisms
but those that destroy waste matter, make soils fertile, and enter
into countless biological processes like fermentation and nitrifi-
cation. Why should they not also aid us in the control of
insects?

One of the first to envision such use of microorganisms was
the rgth-century zoologist Elie Metchnikoff, During the con-
cluding decades of the 1gth and the first half of the z0th cen-
turies the idea of microbial control was slowly taking form,
‘The first conclusive proof that an insect could be brought under
control by introducing a disease into its environment came in
the late 1930’s with the discovery and use of milky disease for
the Japanese bectle, which is caused by the spores of a bacterium
belonging to the genus Bacillus. This classic example of bacterial
control has a long history of use in the eastern part of the
United States, as I have pointed out in Chapter 7.

High hopes now attend tests of another bacterium of this
genus — Bacillus thuringiensis — originally discovered in Ger-
many in 1911 in the province of Thuringia, where it was found
to cause a fatal septicemia in the larvae of the flour moth. This
bacterium actually kills by poisoning rather than by disease.
Within its vegetative rods there are formed, along with spores,
peculiar crystals composed of a protein substance highly toxic
to certain insects, especially to the larvae of the mothlike lepi-
dopteras. Shortly after eating foliage coated with this toxin the
larva suffers paralysis, stops feeding, and soon dies. For practical
purposes, the fact that feeding is interrupted promptly is of
course an enormous advantage, for crop damage stops almost
as soon as the pathogen is applied. Compounds containing
spores of Bacillus thuringiensis are now being manufactured by
several firms in the United States under various trade names.
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Field tests are being made in several countries: in France and
(Germany against larvae of the cabbage butterfly, in Yugoslavia
against the fall webworm, in the Soviet Union against a tent
caterpillar, In Panama, where tests were begun in 1961, this
bacterial insecticide may be the answer to one or more of the
serious problems confronting banana growers. There the root
borer is a serious pest of the banana, so weakening its roots that
the trees arc easily toppled by wind. Dieldrin has been the only
chemical effective against the borer, but it has now set in motion
a chain of disaster. The borers are becoming resistant. The
chemical has also destroyed some important insect predators and
so has caused an increase in the tortricids — small, stout-bodied
moths whose larvae scar the surface of the bananas. There is
reason to hope the new microbial insecticide will eliminate both
the tortricids and the borers and that it will do so without up-
setting natural controls,

In eastern forests of Canada and the United States bacterial
insecticides may be one important answer to the problems of
such forest insects as the budworms and the gypsy moth. In
1960 both countries began field tests with 2 commereial prepara-
tion of Bacillus thuringiensis. Some of the early results have
been encouraging. In Vermont, for example, the end results of
bacterial control were as good as those obtained with DDT. The
main technical problem now is to find 2 carrying solution that
will stick the bacterial spores to the needles of the evergreens.
On crops this is not a problem — even a dust can be used. Bac-
terial insecticides have already been tried on a wide variety of
vegetables, especially in California. :

Meanwhile, other perhaps less spectacular work is concerned
with viruses. Here and there in California fields of young
alfalfa are being sprayed with a substance as deadly as any in-
secticide for the destructive alfalfa caterpillar — a solution con-
taining a virus obtained from the bodies of caterpillars that have
died because of infection with this exceedingly virulent disease.
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The bodies of only five diseased caterpillars provide enough
virus to treat an acre of alfalfa. In some Canadian forests a
virus that affects pine sawflies has proved so effective in control
that it has replaced insecticides.

Scientists in Czechoslovakia are experimenting with protozoa
against webworms and other insect pests, and in the United
States a protozoan parasite has been found to reduce the egg-
laying potential of the corn borer,

To some the term microbial insecticide may conjure up pic-
tures of bacterial warfare that would endanger other forms of
life. ‘This is not true. In contrast to chemicals, insect patho-
gens are harmless to all but their intended targets. Dr. Edward
Steinhaus, an outstanding authority on insect pathology, has
stated emphatically that there is “no authenticated recorded in-
stance of a true insect pathogen having caused an infectious
disease in a vertebrate animal either experimentally or in nature.”
The insect pathogens are so specific that they infect only a
small group of insects — sometimes a single species. Biologically
they do not belong to the type of organisms that cause disease
in higher animals or in plants. Also, as Dr. Steinhaus points out,
outbreaks of insect disease in nature always remain confined to
insects, affecting neither the host plants nor animals feeding on
them.,

Insects have many natural enemies — not only microbes of
many kinds but other insects. The first suggestion that an insect
might be controlled by encouraging its enemies is generally
credited to Erasmus Darwin about 1800, Probably because it
was the first generally practiced method of biological control,
this setting of one insect against another is widely but errone-
ously thought to be the only alternative to chemicals,

In the United States the true beginnings of conventional
biological control date from 1888 when Albert Koebele, the first
of a growing army of entomologist explorers, went to Australia
to search for natural enemies of the cottony cushion scale that
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threatened the California citrus industry with destruction. As
we have seen in Chapter 15, the mission was crowned with
spectacular success, and in the century that followed the world
has been combed for natural enemies to control the insects that
have come uninvited to our shores. In all, about 100 species of
imported predators and parasites have become established. Be-
sides the vedalia beetles brought in by Koebele, other importa-
tions have been highly successful. A wasp imported from Japan
established complete control of an insect attacking eastern apple
orchards. Several natural enemies of the spotted alfalfa aphid,
an accidental import from the Middle East, are credited with
saving the California alfalfa industry. Parasites and predators of
the gypsy moth achieved good control, as did the Tiphia wasp
against the fapanese beetle. Biological control of s§al-es and
mealy bugs is estimated to save California several millions of
dollars a year — indeed, one of the leading entomologists of that
state, Dr, Paul DeBach, has estimated that for an investmen't of
$4,000,000 in biological control work California has received
a return of $100,000,000.

Examples of successful biological control of serious pests by
importing their natural enemies are to be found in some 40
countries distributed over much of the world. The advantages
of such control over chemicals are obvious: it is relatively inex-
pensive, it is permanent, it leaves no poisonous residue§. Y-?t
biological control has suffered from lack of support. California
is virtually alone among the states in having a formal program
in biological control, and nmny states have not even one ento-
mologist who devotes full time to it. Perhaps for want of sup-
port biological control through insect enemies has not a!lways
been carried out with the scientific thoroughness it requires —
exacting studies of its impact on the populations of insect prey
have seldom been made, and releases have not always been made
with the precision that might spell the difference between suc-
cess and failure,
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The predator and the preyed upon exist not alone, but as
part of a vast web of life, all of which needs to be taken into
account. Perhaps the opportunities for the more conventional
types of biological control are greatest in the forests. The farm-
lands of modern agriculture are highly artificial, unlike anything
nature ever conceived. But the forests are a different world,
much closer to natural environments, Here, with a minimum
of help and a maximum of noninterference from man, Nature
can have her way, setting up all that wonderful and intricare
system of checks and balances that protects the forest from
undue damage by insects.

In the United States our foresters seem to have thought of
biological control chiefly in terms of introducing insect parasites
and predators. The Canadians take a broader view, and some of
the Europeans have gone farthest of all to develop the science
of “forest hygiene” to an amazing extent. Birds, ants, forest
spiders, and soil bacteria are as much a part of a forest as the
trees, in the view of European foresters, who take care to inoc-
ulate 2 new forest with these protective factors. The encourage-
ment of birds is one of the first steps. In the modern era of
intensive forestry the old hollow trees are gone and with them
homes for woodpeckers and other tree-nesting birds. This lack
is met by nesting boxes, which draw the birds back into the
forest. Other boxes are specially designed for owls and for bats,
so that these creatures may take over in the dark hours the work
of insect hunting performed in daylight by the small birds.

But this is only the beginning. Some of the most fascinating
control work in European forests employs the forest red ant
as an aggressive insect predator —a species which, unfortu-
nately, does not occur in North America. About 2 § years ago
Professor Karl Gésswald of the University of Wiirzburg devel-
oped a method of cultivating this ant and establishing colonies.
Under his direction more than 10,000 colonies of the red ant
have been established in about go test areas in the German Fed-
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eral Republic. Dr. Gésswald’s method has been adopted in
Italy and other countries, where ant farms have been established
to supply colonies for distribution in the forests. In the Ap-
ennines, for example, several hundred nests have been set out to
protect reforested areas.

“Where you can obtain in your forest a combination of birds’
and ants’ protection together with some bats and owls, the bio-
logical equilibrium has already been essentially improved,” says
Dr. Heinz Ruppertshofen, a forestry officer in Molln, Germany,
who believes that a single introduced predator or parasite 1s less
effective than an array of the “natural companions” of the trees.

New ant colonies in the forests at Mélln are protected from
woodpeckers by wire netting to reduce the toll. In this way
the woodpeckers, which have increased by 400 per cent in 10
years in some of the test areas, do not seriously reduce the ant
colonies, and pay handsomely for what they take by picking
harmful caterpillars off the trees. Much of the work of caring
for the ant colonies (and the birds’ nesting boxes as well) is
assamed by a2 youth corps from the local school, children 10
to 14 years old. The costs are exceedingly low; the benefits
amount to permanent protection of the forests,

Another extremely interesting feature of Dr. Ruppertshofen’s
work is his use of spiders, in which he appears to be a pioneer.
Although there is a large literature on the classification and nat-
ural history of spiders, it is scattered and fragmentary and deals
not at all with their value as an agent of biological control. Of
the 22,000 known kinds of spiders, 760 are native to Germany
(and about 2000 to the United States). Twenty-nine families of
spiders inhabit German forests.

To a forester the most important fact about a spider is the kind
of net it builds. The wheel-net spiders are most important, for
the webs of some of them are so narrow-meshed that they can
catch 2ll flying insects. A large web (up to 16 inches in di-
ameter) of the cross spider bears some 120,000 adhesive nodules
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on its strands. A single spider may destroy in her life of 18
months an average of 2000 insects. A biologically sound forest
has 5o to 150 spiders to the square meter (a little more than a
square yard). Where there are fewer, the deficiency may be
remedied by collecting and distributing the baglike cocoons con-
taining the eggs. “Three cocoons of the wasp spider [which
occurs also in America] yield a thousand spiders, which can
catch 200,000 flying insects,” says Dr. Ruppertshofen. The tiny
and delicate young of the wheel-net spiders that emerge in the
spring are especially important, he says, “as they spin in a team-
work a net umbrella above the top shoots of the trees and thus
protect the young shoots against the flying insects.” As the
spiders molt and grow, the net is enlarged.

Canadian biologists have pursued rather similar lines of in-
vestigation, although with differences dictated by the fact that
North American forests are largely natural rather than planted,
and that the species available as aids in maintaining a healthy
forest are somewhat different. The emphasis in Canada is on
small mammals, which are amazingly effective in the control of
certain insects, especially those that Jive within the spongy soil of
the forest floor. Among such insects are the sawflies, so-called
because the female has a saw-shaped ovipositor with which she
slits open the needles of evergreen trees in order to deposit her
eggs. The larvae eventually drop to the ground and form
cocoons in the peat of tamarack bogs or the duff under spruce
or pines. But beneath the forest floor is a world honeycombed
with the tunnels and runways of small mammals — whitefooted
mice, voles, and shrews of various species. Of all these small
burrowers, the voracious shrews find and consume the largest
number of sawfly cocoons. They feed by placing a forefoot on
the cocoon and biting off the end, showing an extraordinary
ability to discriminate between sound and empty cocoons, And
for their insatiable appetite the shrews have no rivals. Whereas
a vole can consume about 200 cocoons a day, a shrew, depend-
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ing on the species, may devour up to 8co! This may result,
according to laboratory tests, in destruction of 75 to 98 per cent
of the cocoons present.

It 1s not surprising that the island of Newfoundland, which
has no native shrews but is beset with sawflies, so eagerly de-
sired some of these small, efficient mammals that in 1958 the
introduction of the masked shrew — the most efficient sawfly
predator — was attempted. Canadian officials report in 1962 that
the attempt has been successful. The shrews are multiplying
and are spreading out over the island, some marked individuals
having been recovered as much as ten miles from the point of
release.

There is, then, a whole battery of armaments available to the
forester who 1s willing to look for permanent solutions that
preserve and strengthen the natural relations in the forest, Chem-
ical pest control in the forest is at best a stopgap measure bring-
ing no real solution, at worst killing the fishes in the forest
streams, bringing on plagues of insects, and destroying the
natural controls and those we may be trying to introduce. By
such violent measures, says Dr. Ruppertshofen, “the partnership
for life of the forest is entirely being unbalanced, and the catas-
trophes caused by parasites repeat in shorter and shorter periods
. . . We, therefore, have to put an end to these unnatural manip-
ulations brought into the most important and almost last natural
living space which has been left for us.”

Through all these new, imaginative, and creative approaches
to the problem of sharing our earth with other creatures there
runs a constant theme, the awareness that we are dealing with
life — with living populations and all their pressures and counter-
pressures, their surges and recessions. Only by taking account
of such life forces and by cautiously seeking to guide them into
channels favorable to ourselves can we hope to achieve a reason-
able accommodation between the insect hordes and ourselves.
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The current vogue for poisons has failed utterly to take into
account these most fundamental considerations. As crude a
weapon as the cave man’s club, the chemical barrage has been
hurled against the fabric of life — a fabric on the one hand deli-
cate and destructible, on the other miraculously tough and
resilient, and capable of striking back in unexpected ways, These
extraordinary capacities of life have been ignored by the prac-
titioners of chemical control who have brought to their task no
“high-minded orientation,” no humility before the vast forces
with which they tamper.

The “control of nature” is a phrase conceived in arrogance,
born of the Neanderthal age of biology and philosophy, when it
was supposed that nature exists for the convenience of man.
The concepts and practices of applied entomology for the most
part date from that Stone Age of science. It is our alarming mis-
fortune that so primitive a science has armed itself with the most
modern and terrible weapons, and that in turning them against
the insects it has also turned them against the earth.



