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+· Surface Waters 
and Underground Seas 

OF ALL our natural resources water has become the most pre-
cious. By far the greater part of the earth's surface is covered 
by its enveloping seas, yet in the midst of this plenty we are in 
want. By a strange paradox, most of the earth's abundant water 
is not usable for agriculture, industry, or human consumption 
because of its heavy load of sea salts, and so most of the world's 
population is either experiencing or is threatened with critical 
shortages. In an age when man has forgotten his origins and is 
blind even to his most essential needs for survival, water along 
with other resources has become the victim of his indifference. 

The problem of water pollution by pesticides can be under-
stoorr-only in context, as part of the whole to which it belongs 
- the pollution of the total environment of mankind. The pol-
lution entering our waterways comes from many sources: radio-
active wastes from reactors, laboratories, and hospitals; fallout 
from nuclear explosions; domestic wastes from cities and towns; 
chemical wastes from factories. To these is added a new kind 
of fallout - the chemical sprays applied to croplands and gar-
dens, forests and fields. Many of the chemical agents in this 
alarming melange imitate and augment the harmful effects of 
radiation, and within the groups of chemicals themselves there 
are sinister and little-understood interactions, transformations, 
and summations of effect. 

Ever since chemists began to manufacture substances that 
nature never invented, the problems of water purification have 
become complex and the danger to users of water has increased. 
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As we have seen, the production of these synthetic chemicals in 
large volume began in the 194o's. It has now reached such 
proportions that an appalling deluge of chemical pollution is 
daily poured into the nation's waterways. When inextricably 
mixed with domestic and other wastes discharged into the same 
water, these chemicals sometimes defy detection by the methods 
in ordinary use by purification plants. Most of them are so 
stable that they cannot be broken down by ordinary processes. 
Often they cannot even be identified. In rivers, a really incred-
ible variety of pollutants combine to produce deposits that the 
sanitary engineers can only despairingly refer to as "gunk." 
Professor Rolf Eliassen of the Massachusetts Institute of Tech-
nology testified before a congressional committee to the impos-
sibility of predicting the composite effect of these chemicals, or 
of identifying the organic matter resulting from the mixture. 
"We don't begin to know what that is," said Professor Eliassen. 
"What is the effect on the people? We don't know." 

To an ever-increasing degree, chemicals used for the control 
of insects, rodents, or unwanted vegetation contribute to these 
organic pollutants. Some are deliberately applied to bodj!!s -{}f-
water to destroy plants, insect larvae, or undesired fishes.- Some 
come from forest spraying that may blanket two or three mil-
lion acres of a single state with spray directed against a single 
insect pest- spray that falls directly into streams or that drips 
down through the leafy canopy to the forest floor, there to be-
come part of the slow movement of seeping moisture beginning 
its long journey to the sea. Probably the bulk of such con-
taminants are the waterborne residues of the millions of pounds 
of agricultural chemicals that have been applied to farmlands 
for insect or rodent control and have been leached out of the 
ground by rains to become part of the universal seaward move-
ment of water. 

Here and there we have dramatic evidence of the presence of 
these chemicals in our streams and even in public water supplies. 

' 
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For example, a sample of drinking water from an orchard area 
in Pennsylvania, when tested on fish in a laboratory, contained 
enough insecticide to kill all of the test fish in only four hours. 
Water from a stream draining sprayed cotton fields remained 
lethal to fishes even after it had passed through a purifying 
plant, and in fifteen streams tributary to the Tennessee River 
in Alabama the runoff from fields treated with toxaphene, a 
chlorinated hydrocarbon, killed all the fish inhabiting the 
streams. Two of these streams were sources of municipal water 
supply. Yet for a week after the application of the insecticide 
the water remained poisonous, a fact attested by the daily deaths 
of goldfish suspended in cages downstream. 

For the most part this pollution is unseen and invisible, mak-
ing its presence known when hundreds or thousands of fish die, 
but more often never detected at all. The chemist who guards 
water purity has no routine tests for these organic pollutants 
and no way to remove them. But whether detected or not, the 
pesticides are there, and as might be expected with any materials 
applied to land surfaces on so vast a scale, they have now found 
their way into many and perhaps all of the major river systems 
of the country. 

If --anyufie doubts that our waters have become almost uni-
versally contaminated with insecticides he should study a small 
report issued by the United States Fish and Wildlife Service in 
1 960. The Service had carried out studies to discover whether 
fish, like warm-blooded animals, store insecticides in their tis-
sues. The first samples were taken from forest areas in the West 
where there had been mass spraying of DDT for the control of 
the spruce budworm. As might have been expected, all of these 
fish contained DDT. The really significant findings were made 
when the investigators turned for comparison to a creek in a 
remote area about 30 miles from the nearest spraying for bud-
worm control. This creek was upstream from the first and 
separated from it by a high waterfall. No local spraying was 
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known to have occurred. Yet these fish, too, contained DDT. 
Had the chemical reached this remote creek by hidden under-
ground streams? Or had it been airborne, drifting down as 
fallout on the surface of the creek? In still another compara-
tive study, DDT was found in the tissues of fish from a hatch-
ery where the water supply originated in a deep well. Again 
there was no record of local spraying. The only possible means 
of contamination seemed to be by means of groundwater. 

In the entire water-pollution problem, there is probably noth-
ing more disturbing than the threat of widespread contamina-
tion of groundwater. It is not possible to add pesticides to water 
anywhere without threatening the purity of water everywhere. 
Seldom if ever does Nature operate in closed and separate com-
partments, and she has not done so in distributing the earth's 
water supply. Rain, falling on the land, settles down -through 
pores and cracks in soil and rock, penetrating deepeJt and deeper 
until eventually it reaches a zone where all the pores of the rock 
are filled with water, a dark, subsurface sea, rising under hills, 
sinking beneath valleys. This groundwater is always on the 
move, sometimes at a pace so slow that it travels no more than 
50 feet a year, sometimes rapidly, by comparison, so that it 
moves nearly a tenth of a mile in a day. It travels by unseen 
waterways until here and there it comes to the surface as a 
spring, or perhaps it is tapped to feed a well. But mostly it con-
tributes to streams and so to rivers. Except for what enters 
streams directly as rain or surface runoff, all the running water 
of the earth's surface was at one time groundwater. And so, 
in a very real and frightening sense, pollution of the ground-
water is pollution of water everywhere. 

It must have been by such a dark, underground sea that poi-
sonous chemicals traveled from a manufacturing plant in Colo-
rado to a farming district several miles away, there to poison 
wells, sicken humans and livestock, and damage crops- an ex-
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traordinary episode that may easily be only the first of many like 
it. Its history, in brief, is this. In 1943, the Rocky Mountain 
Arsenal of the Army Chemical Corps, located near Denver, 
began to manufacture war materials. Eight years later the facili-
ties of the arsenal were leased to a private oil company for the 
production of insecticides. Even before the change of opera-
tions, however, mysterious reports had begun to come in; 
Farmers several miles from the plant began to report unex-
plained sickness among livestock; they complained of extensive 
crop damage. Foliage turned yellow, plants failed to mature, 
and many crops were killed outright. There were reports of 
human illness, thought by sbme to be related. 

The irrigation waters on these !arms were derived from shal-
low wells. When the well waters were examined (in a study 
in 1959, in which several state and federal agencies partici-
pated) they were found to contain an assortment of chemicals. 
Chlorides, chlorates, salts of phosphonic acid, fluorides, and 
arsenic had been discharged from the Rocky Mountain Arsenal 
into holding ponds during the years of its operation. Apparently 
the groundwater between the arsenal and the farms had become 
contaminated and/ it had taken 7 to 8 years for the wastes to 
travel a distance of about 3 miles from the holding 
ponds to the nearest farm. This seepage had continued to spread 
and had further contaminated an area of unknown extent. 
The investigators knew of no way to contain the contamination 
or halt its advance. 

All this was bad enough, but the most mysterious and prob-
ably in the long run the most significant feature of the whole 
episode was the discovery of the weed killer 2,4-D in some of 
the weils and in the holding ponds of the arsenal. Certainly its 
presence was enough to account for the damage to crops irri-
gated with this water. But the mystery lay in the fact that no 
2,4-D had been manufactured at the arsenal at any stage of its 
operations. 
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After long and careful study, the chemists at the plant con-
cluded that the 2,4-D had been formed spontaneously in the 
open basins. It had been formed there from other substances 
discharged from the arsenal; in the presence of air, water, and 
sunlight, and quite without the intervention of human chemists, 
the holding ponds had become chemical laboratories for the 
production of a new chemical- a chemical fatally damaging 
to much of the plant life it touched. 

And so the story of the Colorado farms and their damaged . 
crops assumes a significance that transcends its local importance. 
What other parallels may there be, not only in Colorado but 
wherever chemical pollution finds its way into public waters'? 
In lakes and streams everywhere, in the presence of catalyzing 
air and sunlight, what dangerous substances may be born of 
parent chemicals labeled "harmless"? 

Indeed one of the most alarming aspects of the chemical pol-
lution of water is the fact that here -in river or lake o:r reser-
voir, or for that matter in the glass of water at your 
dinner table - are mingled chemicals that no responsible chem-
ist would think of combining in his laboratory. The possible 
interactions between these freely mixed chemicals are deeply 
disturbing to officials of the United States Public Health Service, 
who have expressed the fear that the production of harmful 
substances from comparatively innocuous chemicals may be tak-
ing place on quite a wide scale. The reactions may be between 
two or more chemicals, or between chemicals and the radioactive 
wastes that are being discharged into our rivers in ever-increasing 
volume. Under the impact of ionizing radiation some rearrange-
ment of atoms could easily occur, changing the nature of the 
chemicals in a way that is not only unpredictable but beyond 
control. 

It is, of course, not only the groundwaters that are becoming 
contaminated, but surface-moving waters as well- streams, 
rivers, irrigation waters. A disturbing example of the latter 
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seems to be building up on the national wildlife refuges at 
Tule Lake and Lower Klamath, both in California. These 
refuges are part of a chain including also the refuge on Upper 
Klamath Lake just over the border in Oregon. All are linked, 
perhaps fatefully, by a shared water supply, and all are affected 
by the fact that they lie like small islands in a great sea of sur-
rounding farmlands - land reclaimed by drainage and stream · 
diversion from an original waterfowl paradise of marshland and 
open water. 

These farmlands around the refuges are now irrigated by ' 
water from Upper Klamath Lake. The irrigation waters, re-
collected from the fields they have served, are then pumped 
into T ule Lake and from there to Lower Klamath. All of the 
waters of the wildlife refuges established on these two bodies 
of water therefore represent the drainage of agricultural lands. 
It is important to remember this in connection with recent 
happenings. 

In the summer of 1 960 the refuge staff picked up hundreds 
of dead and dying birds at T ule Lake and Lower Klamath. 
Most of , them were fish-eating species- herons, pelicans, 
grebes, gulls> -URQ!l-_analysis, they were found to contain in-
secticide residues identified as toxaphene, DOD; and ODE. Fish 
from the lakes were also found to contain insecticides; so did 
samples of plankton. The refuge manager believes that pesticide 
residues are now building up in the waters of these refuges, 
being conveyed there by return irrigation flow from heavily 
sprayed agricultural lands. 

Such poisoning of waters set aside for conservation purposes 
could have consequences felt by every western duck hunter and 
by everyone to whom the sight and sound of drifting ribbons 
of waterfowl across an evening sky are precious. These particu-
lar refuges occupy critical positions in the conservation of west-
ern waterfowl. They lie at a point corresponding to the narrow 
neck of a funnel, into which all the migratory paths composing 
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what is known as the Pacific Flyway converge. During the fall 
migration they receive mahy millions of ducks and geese from 
nesting grounds extending from the shores of Bering Sea east 
to Hudson Bay- fully three fourths of all the waterfowl that 
move south into the Pacific Coast states in autumn. In summer 
they provide nesting areas for waterfowl, especially for two 
endangered species, the redhead and the ruddy duck. If the 
lakes and pools of these refuges become seriously contaminated, 
the damage to the waterfowl populations of the Far West could 
be irreparable. 

Water must also be thought of in terms of the chains of life 
it supports - from the small-as-dust green cells of the drifting 
plant plankton, through the minute water fleas to the fishes that 
strain plankton from the water and are in turn eaten by other 
fishes or by birds, mink, raccoons - in an endless cyclic trans-
fer of materials from life to life. We kno;. tnartne necessary 
minerals in the water are so passed from link to link of the food 
chains. Can we suppose that poisons we introduce into water 
will not also enter into these cycles of nature? 

The answer is to be found in the amazing history of Clear 
Lake, California. Clear Lake lies in mountainous country some 
90 miles north of San Francisco and has long been popular with 
anglers. The name is inappropriate, for actually it is a rather 
turbid lake because of the soft black ooze that covers its shallow 
bottom. Unfortunately for the fishermen and the resort dwell-
ers on its shores, its waters have provided an ideal habitat for 
a small gnat, Chaoborus astictopus. Although closely related to 
mosquitoes, the gnat is not a bloodsucker and probably does not 
feed at all as an adult. However, human beings who shared its 
habitat found it annoying because of its sheer numbers. Efforts 
were made to control it but they were largely fruitless until, in 
the late 194o's, the chlorinated hydrocarbon insecticides offered 
new weapons. The chemical chosen for a fresh attack was 
DDD, a close relative of DDT but apparently offering fewer 
threats to fish life. 
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The new control measures undertaken in I 949 were carefully 
planned and few people would have supposed any harm could 
result. The lake was surveyed, irs volume determined, and the 
insecticide applied in such great dilution that for every part of 
chemical there would be 70 million parts of water. Control of 
the gnats was at first good, bur by I954 the treatment had to be 
repeated, this rime at the rare of I part of insecticide in so mil- · 
lion parts of water. The destruction of the gnats was thought 
to be virtually complete. 

The following winter months brought the first intimation that 
other life was affected: the western grebes on the lake began 
to die, and soon more than a hundred of them were reported 
dead. At Clear Lake the western grebe is a breeding bird and 
also a winter visitant, attracted by the abundant fish of the lake. 
It is a bird of spectacular appearance and beguiling habits, build-
ing its floating nests in shallow lakes of western United States 
and Canada. It is called the "swan grebe" with reason, for it 
glides with scarcely a ripple across the lake surface, the body 
riding low, white neck and shining black head held high. The 
newly hatched chick is clothed in soft gray down; in only a 
few hours it takes to the water and rides on the back of the 
father or mother, nestled under the parental wing coverts. 

Following a third assault on the ever-resilient gnat popula-
tion, in I957, more grebes died. As had been true in I954, no 
evidence of infectious disease could be discovered on examina-
tion of the dead birds. But when someone thought to analyze 
the fatty tissues of the grebes, they were found to be loaded 
with DDD in the extraordinary concentration of I6oo parts per 
million. 

The maximum concentration applied to the water was 'l5o parr 
per million. How could the chemical have built up to such 
prodigious levels in the grebes? These birds, of course, are fish 
eaters. When the fish of Clear Lake also were analyzed the 
picture began to take form- the poison being picked up by the 
smallest organisms, concentrated and passed on to the larger 
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predators. Plankton organisms were found to contain about 5 
parts per million of the insecticide (about 2 5 times the maximum 
concentration ever reached in the water itself); plant-eating 
fishes had built up accumulations ranging from 40 to 300 parts 
per million; carnivorous species had stored the most of all. One, 
a brown bullhead, had the astounding concentration of 2 500 
parts per million. It was a house-that-Jack-built sequence, in 
which the large carnivores had eaten the smaller carnivores, that 
had eaten the herbivores, that had eaten the plankton, that had 
absorbed the poison from the water. 

Even more extraordinary discoveries were made later. No 
trace of DOD coulq be found in the water shortly after the 
last application of the'cltemical. But the poison had not really 
left the lake; it had merely gone into the fabric of the life the 
lake supports. Twenty-three months after the chemical treat-
ment had ceased, the plankton still contained as much as 5. 3 
parts per million. In that interval of nearly two years, successive 
crops of plankton had flowered and faded away, but the poison, 
although no longer present in the water, had somehow passed 
from generation to generation. And it lived on in the animal 
life of the lake as well. All fish, birds, and frogs examined a 
year after the chemical applications had ceased still contained 
DOD. The amount found in the flesh always exceeded by many 
times the original concentration in the water. Among these liv-
ing carriers were fish that had hatched nine months after the last 
DOD application, grebes, and California gulls that had built up 
concentrations of more than zooo parts per million. Mean-
while, the nesting colonies of the grebes dwindled - from 
more than 1 ooo pairs before the first insecticide treatment to 
about 30 pairs in 1960. And even the thirty seem to have 
nested in vain, for no young grebes have been observed on the 
lake since the last ODD application. 

This whole chain of poisoning, then, seems to rest on ' a 
base of minute plants which must have been the original con-
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centrators. But what of the opposite end of the food chain -
the human being who, in probable ignorance of all this sequence 
of events, has rigged his fishing tackle, caught a string of fish 
from the waters of Clear Lake, and taken them home to fry for 
his supper? What could a heavy dose of DDD, or perhaps re-
peated doses, do to him? 

Although the California Depanment of Public Health pro-
fessed to see no hazard, nevertheless in 1959 it required that the 
use of DDD in the lake be stopped. In view of the scientific 
evidence of the vast biological potency of this chemical, the action 
seems a minimum safety measure. The physiological effect of 
DDD is probably unique among insecticides, for it destroys part 
of the adrenal gland -the cells of the outer layer known as the 
adrenal cortex, which secretes the hormone cortin. This de-
structive effect, known since 1948, was at first believed to be 
confined to dogs, because it was not revealed in such experi-
mental animals as monkeys, rats, or rabbits. It seemed sug-
gestive, however, that DDD produced in dogs a condition very 
similar to that occurring in man in the presence of Addison's 
disease. Recent research has revealed that DDD does 
strongly suppress th2'-fuQction of the human adrenal cortex. 
Its cell-destroying capacity ' iS-now clinically utilized in the treat-
ment of a rare type of cancer which develops in the adrenal 
gland. 

The Clear Lake situation brings up a question that the public 
needs to face: Is it wise or desirable to use substances with such 
strong effect on physiological processes for the control of in-
sects, especially when the control measures involve introducing 
the chemical directly into a body of water? The fact that the 
insecticide was applied in very low concentrations is meaning-
less, as its explosive progress through the natural food chain in 
the lake demonstrates. Yet Clear Lake is typical of a large and 
growing number of situations where solution of an obvious and 
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often trivial problem creates a far more serious but conveniently 
less tangible one. Here the problem was resolved in favor of 
those annoyed by gnats, and at the expense of an unstated, and 
probably not even clearly understood, risk to all who took food 
or water from the lake. 

It is an extraordinary fact that the deliberate introduction of 
poisons into a reservoir is becoming a fairly common practice. 
The purpose is usually to promote recreational uses, even though 
the water must then be treated at some expense to make it fit 
for its intended use as drinking water. When sportsmen of an 
area want to "improve" fishing in a reservoir, they prevail on 
authorities to dump quantities of poison into it to kill the un-
desired fish, which are then replaced with hatchery fish more 
suited to the sportsmen's taste. The procedure has a strange, 
Alice-in-Wonderland quality. The reservoir was created as a 
public water supply, yet the community, probably unconsulted 
about the sportsmen's project, is forced either _Jo drink water 
containing poisonous residues or to pay our tax ,money for 
treatment of the water to remove the poisons - treatments that 
are by no means foolproof. 

As ground and surface waters are contaminated with pesti-
cides and other chemicals, there is danger that not only poisonous 
but also cancer-producing substances are being introduced into 
public water supplies. Dr. \V. C. Hueper of the National 
Cancer Institute has warned that "the danger of cancer hazards 
from the consumption of contaminated drinking water will 
grow considerably within the foreseeable future." And indeed 
a study made in Holland in the early 195o's provides support 
for the view that polluted waterways may carry a cancer 
hazard. Cities receiving their drinking water from rivers had 
a higher death rate from cancer than did those whose water 
came from sources presumably less susceptible to pollution such 
as wells. Arsenic, the environmental substance most clearly es-
tablished as causing cancer in man, is involved in two historic 
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cases in which polluted water supplies caused widespread oc-
currence of cancer. In one case the arsenic came from the slag 
heaps of mining operations, in the other from rock with a high 
natural content of arsenic. These conditions may easily be 
duplicated as a result of heavy applications of arsenical in-
secticides. The soil in such areas becomes poisoned. Rains then 
carry part of the arsenic into streams, rivers, and reservoirs, as 
well as into the vast subterranean seas of groundwater. 

Here again we are reminded that in nature nothing exists 
alone. To understand more clearly how the pollution of our 
world is happening, we must now look at another of the earth's 
basic resources, the soil. 

/ 

Xac Denton
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California Department of Public 
Health, 49 

Canada, spraying programs in, 
I 3 7-3 8; "forest hygiene" programs 
in, 295-96 
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Cancer: hazards from polluted water, 
so--si; and cellular oxidation, 204; 
natural causative agents, 2 I 9; and 
man-made carcinogens, 2 I 9-20; 
and industrial carcinogens, 2 2o--2 I; 
increase in, 2 2 I; in children, 
2 2 I -22; and pesticides as carcino-
gens, 2 2 2-30, 2 37; War burg theory 
of origin, 23I-33; and chromo-
some abnormality, 2 3 3-34; ure-
thane as cause of, 2 3 5; possible in-
direct causes, 2 35-37; and imbal-
ance of sex hormones, 2 3 s-37; 
protective role of vitamins against, 
2 36-37; multiple exposure to caus-
ative agents of, 2 3 7-40; search for 
cause vs. search for cure, 24o--43· 
See also Leukemia 

Carbamates, 2I2-I3, 235 . . 
Carbon tetrachloride, molecular 

structure, 20 
Carcinogens, 2 Io--2o; industrial, 

22o--2I, 226; pesticides as, 222-25, 
226-30; herbicides as, 22 5-26 

Carroll, Lewis, I 8 3 
Carrots, insecticides absorbed by, 59 
Cats, affected by aldrin, 90; dieldrin 

fatal to, 93--94 
Cattle: killed by arsenical insecticides, 

7 I; attracted to and killed by plants 
sprayed with 2>4-D, 76-77; killed 
by fire ant program, I68 Cell divi-
sion, 209-Io; and cancer, 2 3o--33 

Cellular oxidation, 2oo--2o3; effect of 
insecticides upon, 203-7 

Chaoborus astictopus, gnat, 46-4 7 
Chemicals, general, new to human 

environment, 7; insect-killing, new, 
7; insecticidal, growth of produc-
tion of, I 6, I 7; biological potency 
of, I6; dangerous interaction of, 

3I-32, 2 38; recurrent exposure to, 
I73-74i less toxic, I84; stored in 
human body, I 90; parallel between 
radiation and, 208--9. See also Her-
bicides, Insecticides, Pesticides, and 
various chemicals by name 

Chester Beatty Research Institute 
(London), 285 

Chickadees, I I 2 
Chlordane, 2 I, 2 3-24; persistence in 

soil, 58; in crabgrass killers, So; 
toxic to fish, I4o, I45i household 
use questionable, I 74i and blood 
disorders, 227, 228, 229; arthro-
pods resistant to, 267; roaches and 
ticks resistant to, 2 7 I 

Chloroform,molecularstructure, I9 
Cholera epidemic, London, 24o--4I 
Cholinesterase, 29, I95 
Chromosomes: and mitosis, 210; ef-

fect of environmental factors on, 
2I I; effect of pesticides on, 2 I2-I4i 
abnormality of, in chronic leuke-
mia, 2IJ-I5i abnormality of, and 
birth defects, 2 I 5-:-I6j abnormality 
of, and cancer, 2 n-34 

Cigarettes, arsenic content of, 58 
CIPC, 225,238 
Cirrhosis, increase of, I92 
Citrus industry, scale insect a threat 

to, 256-57> 292 
Clams, I so--s I 
Clear Lake, California, 46-50 
Cockroaches, 2 7 I 
Codling moth, in Nova Scotia, 2 54; 

resistant to sprays, 264; resistant to 
DDT, 272 

Colorado River, fish destruction in, 
I44-45 

Commercial Fisheries, Bureau of, 
ISO, I5I 
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Congenital defects, due to anoxia, 
204; due to chromosome damage, 
2I5 

Connecticut Arboretum, 70, 7 I 
Cordoba Province, Argentina, arsenic 

poisoning and arsenical skin cancer 
in, 223 

Com borer, 255-56 
Cornell University, 285; Agricultural 

Experiment Station, I6o 
Cottam, Dr. Clarence, I 67--68 
Coyotes, 248 
Crabgrass, 8o-8I, I77-78 
Crabs, dieldrin fatal to, I47-49 
Cranberry-weed killer, 37, I82, 

225-26 
Cranbrook Institute of Science, I09, 

113 
Culex mosquitoes, 267 
Cura<,;ao, eradication of screw-worm 

on,28o-8I 
Czechoslovakia, biological warfare 

experiments in, 291 

Darwin, Charles, The Formation of 
Vegetable Mould, 55-56 

Darwin, Erasmus, 29I 
Davis, Professor David E., 2 I 3 
DDD, 46; used against gnats at Clear 

Lake, 46-49; physiological effect 
of,49 

DDT (dichloro-diphenyl-trichloro-
ethane),discovery, 20; stored in 
human body, 21-22, I77, I78, I79; 
passed from one organism to an-
other, 22-2 3; used against spruce 
budworm, 4I-42, IJI-35; persist-
ence in soil, s8; birds poisoned by, 
IOJ, I07, II2, II3, I22, 125;used 
for Dutch elm disease, I07-8; effect 
on reproduction of birds, Io8-9, 

12o-22, 206, 207; stored in tissues 
of fish, r 36-3 7; toxic to fish, I43, 
I44; aerial spraying of, I 58--60; in 
milk, I 59; in leaf crops, I6o; effect 
on nervous system, I92-93; as un-
coupler, 204; genetic effects on 
mosquitoes, 212; as carcinogen, 
225; and blood disorders, 227, 228, 
2 30; human exposure to, 2 38; cer-
tain insects increase under spray-
ing, 252, 253-55, 26o; effect on spi-
der mite, 2 53-54; used against 
typhus, 267; flies develop resistance 
to, 267--68; mosquitoes resistant to, 
269-70, 273; agricultural insects re-
sistant to, 2 72 

DeBach, Dr. Paul, 257, 292 
Deer, mule, 66, 67; Kaibab, 248 
Defects, congenital. See Congenital 

defects 
Denmark, flies become resistant in, 

267 
Detergents, indirect role in carcino-

genesis, 2 38-39 
Detroit, spraying for Japanese beetle 

in, 87, 89-9I 
Detroit Audubon Society, 90 
Detroit News, 89 
DeWitt, Dr. James, 120, 121 
Dieldrin, 2 I, 25-26; aldrin converted 

to, in soil, s8; effects of spraying 
with, in Sheldon, Ill., 92-94; tox-
icity, 92-93; cats killed by, 93-94; 
toxic to fish, 139, I4o; toxic to 
shrimp, I 50; used against fire ants, 
r6s; ruled unsuitable in forage, 
I 69; delayed effects on nervous sys-
tem, 196; flies resistant to, 268; ba-
nana root borer resistant to, 290 

Diels, Otto, 2 5 
"Dinitro" herbicides, 36 
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Dinitrophenol, 36, 203-4, 207 
Disease, environmental, 187-98; in-

sect-borne, 266; as weapon against 
insects, 288--9I 

Douglas, Justice William 0., 67, 68, 

72• I59 
Dragonflies, 2 50 
Duhos, Dr. Rene, r 89 
Dutch elm disease, Io5; spraying for, 

Io6, II4-I 5; controlled by sanita-
tion, II5-I7 

Dutch Plant Protection Service, 78 

Eagles, insecticides a threat to, 
u8-20,I2I-22 

Earthworms, Darwin on, 55-56; poi-
soned by spraying, 107-8, uo 

East Lansing, Mich., robin popula-
tion affected by- spraying at, Io6-9 

Ecology, 189 
Ecology of Invasions, The (Elton), IO 
Egler, Dr. Frank, 74 
Egypt, flies develop resistance in, 268 
Eliassen, Professor Rolf, 40 
Elm: American, and Dutch elm dis-

ease, IO, I05, Il4j European, II7 
Elton, Dr. Charles, Io, II, u7, 265 
Endrin, 25, 26-27; toxic to fish, I39, 

I4o; toxic to shrimp, I 50 
England, use of arsenical weed killers 

in, 35; birds affected by seed treat-
ment in, I22-25 

Entomologists, chemical control 
favored by some, 2 59 

Environment, adjustment of life to, 
6-7; man's contamination of, 8-I3 

Enzymes, function, I6, 204; affected 
by organic phosphates, 28-29; cho-
linesterase, 29, 34, I95· I97i liver, 
3 I, p, I9Ii role in oxidation, 2oi, 
202, 204; in flies, 2 74 

Eskimos, DDT in fat of, I79-8o 
Estrogens and cancer, 2 3 6, 2 3 7 

Farm surpluses and insect control, 9 
Fawks, Elton, I20 
Federal Aviation Agency, 89 
Field Notes, Audubon, I04 
Fire ant, program against, I 6 I -69, 

I 7o-7 2, 2 55; effective method of 
control, I72 

"Fire damp," I9 
Fish, killed by insecticides, 4I-42, 

I22, I3I-47, I49-50; affected by 
herbicides, 67, 68; blinded by DDT, 
I35-36 

Fish and Wildlife Service. See U.S. 
Fish and Wildlife Service 

Fisheries Research Board of Canada, 
IJ2 

"Flareback," insects', after spraying, 
8,252-58 

Flint Creek, Alabama, I42 
Florida, fish destruction in, I4r; pes-

ticide pollution in salt marshes in, 
I46-48; abandons broad fire ant 
control program, I72; mosquitoes 
become resistant in, 2 70 

Flukes, blood and liver, 258 
Fly, fruit, 2I2, 287; screw-worm, 

28o-8z; Hessian, 287; melon, 287. 
See also Housefly 

Food, chemical residues in, 178-84; 
contamination in warehouses, I8r . 
See also Milk 

Food and Drug Administration. See 
U.S. Food and Drug Administra-
tion 

"Forest hygiene," 293 
Forest Service. See U.S. Forest Service 
France, birds affected by insecticides 

in, 122 
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Freiberg, Germany, arsenic-contami-
nation affects animals at, 2 2 3-24 

Frings, Hubert and Mable, 288 

Game Birds Association (British), I 2 3 
Gardening, poisons used in, I 76-78 
Genelly, Dr. Richard, I 2 I 
Genes, 2og-Io 
Genetic effect, of chemicals, 8, 208, 

209; of radiation, 208 
"Ginger paralysis," I97 
Gnat, Chaoborus astictopus, 46-47 
Goa tweed. See Klamath weed 
Gosswald, Professor Karl, 293--94 
Grebes, western, 45,47-48 
Gromme, Owen]., 113 
Groundwater, contamination of, 

42-43·50 
Grouse, sage, 6 5, 67 
Gulls, 45; California, DDD residues 

in, 48; laughing, affected by spray-
ing of marshes, I48 

Gynandromorphs, 2 I 2 
"Gyplure," 286 
Gypsy moth, I s6-57i importation of 

natural enemies of, I57i aerial 
spraying for, I 58--6 I; secretion as 
weapon against, 285-86; synthetic 
lure isolated, 286 

Hargraves, Dr. Malcolm, 227,228, 
229 

Harrington, R. W,Jr., I47 
Hawk Mountain Sanctuary, 11o-2o 
Hayes, Dr. Wayland, Jr., 22 
Health problems, new environmen-

tal, I87-98 
Hepatitis, 2 5; increase of, I92 
Heptachlor, 24; effect on nitrifica-

tion, 57i persistence in soil, s8; ef-
fect on hops sprayed with, 6o--6I; 

effect on wildlife, Joliet, Illinois, 9 I; 
toxic to fish, 139, I4o, I4Ii used 
against fire ants, I65, I66, I67, 
I68--69, I7Ii ruled unsuitable on 
forage, I69; peculiar nature of, I7o; 
use results in increase of sugarcane 
borer, 255 

Herbicides, toxic effects of, 34-37, 
76; used against sagebrush, 64--68; 
used for roadside "brush control," 
68-72, 74; animals attracted to 
plants sprayed with, 7fJ:-.77; possible 
effects on reproduction in birds, 78; 
toxic tO plankton, I 5o-5 I i as agents 
of chromosome damage, 2 I 3; as 
carcinogens, 225-26 

Hessian fly, 287 
Hickey, Professor Joseph, I 09 
Hinsdale, Illinois, birds killed by 

DDT in, I03 
Hiroshima, leukemia among survi-

vors of, 226 
Hops, destroyed by heptachlor, 6o--6 I 
Hormones, sex, imbalance of, and 

cancer development, 2 35-37 
Housefly, diseases carried by, 266; re-

sistance to DDT and other chemi-
cals, 267--68, 2 73-74; pilot projects 
in sterilization of, 282-83 

Hueper, Dr. W C., on arsenicals, I 8; 
on contaminated drinking water, 
so; on congenital and infant 
cancer, 22I-22, 235; Occupational 
Tumors, 222, 22 3; on DDT as car-
cinogen, 2 2 5; on epidemic of can-
cer in trout, 2 39; on eliminating 
causative agents of cancer, 24o-43 

Hurricane: Edna (I954), I33i of 
I938,I57 

Huxley, Thomas, 248 
Hydrocarbons, chlorinated, 18-27; 
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storage of, 2I, 24, 25, I9o; persist-
ence in soil, 58; sensitivity of fish 
to, I39i in food crops, I8o-84; ef-
fect on liver, I9I-<)2, I95, 2 35; ef-
fect on nervous system, I92-<)6, 
I98; genetic effects of, 2I3-I4 

Illinois Agriculture Department, 9I 
Illinois Natural History Survey, 92, 

94, I I 3; report quoted, 94 
Industry, malignancies traceable to, 

22o-2I,226 
Insecticides: abuses in use, general, 

I2-I3i botanical, I6, I84; synthetic, 
biological potency of, I 6; arsenical, 
I7-I8; chlorinated hydrocarpon, 
I8-27,58,I39· I8o-84,I9I-<)6, 
I 98, 2 q-I4i organic phosphorus, 
I8-2o,27-32, I92,I95, Io6-<)8; 
systemic, 32-34; absorbed in plant 
tissues, 59-6I; fatal to birds, 
I03-I4, rr8-26; in household use, 
I74-75i available to home garden-
ers, I 76-78; storage in adipose tis-
sue, I90-<)I; interaction between, 
I95-<)6; linked with mental disease, 
I97-<)8; research on, 258-59; mod-
em, first medical use of, 267; bacte-
rial, 289-91. See also Chemicals, 
Pesticides, and various chemicals by 
name 

Insects, "flare back" after spraying, 8, 
252-57; disease-carrying, 9, 
2 57-58; incidence of, under single-
crop farming, Io; strains resistant 
to chemicals, 246; control of, 24 7; 
fecundity of, 24 7; held in check by 
natural forces, 249-5I; parasitic, 
25o-5I; population upsets caused 
by chemicals, 252-57; biological 
control of, 256, 25g-6I, 278-<)6; 

resistant to spraying, 263-72; 
agricultural, developing resistance 
of, 2 72; mechanism of resistance, 
272-74; experiments with secre-
tions of, as weapons, 285-87; male 
annihilation programs, 287; ultra-
sonic sound as weapon against, 
287-88; diseases of, as weapons 
against, 288-<)I; natural enemies as 
aid in control of, 29I-o6. See also 
various insects by name 

IPC, 22 5, 2 38 
Iroquois County, Illinois, Japanese 

eradication program in, 9I-<)4, 95 
Irrigation waters, contamination of, 

44-46 

Jacob, F. H., 259 
Japanese beede, adverse side-effects of 

spraying, in Midwest, 87-<)6, 255i 
control of, in the eastern states, 
96-<)9; milky disease of, 97-99, 289; 
total annual damage by, 256 

Joachimsthal, lung cancer among 
workers at, 220 

Joliet, Illinois, disastrous effects of 
heptachlor in, 9 I 

Journal of Agricultural and Food Chem-
istry, 2 75 

Kafue bream, I44 
Klamath Lake, Lower and Upper, 45 
Klamath weed, 8I-82 
Klinefelter's syndrome, 2 I4 
Knipling, Dr. Edward, 279, 28o, 284 
Koebele, Albert, 29I, 292 
Korea, lice develop resistance to 

DDT in, 268-69 
Kuala Lumpur, Malaya, resistant 

mosquitoes at, 273 
Kuboyama, 229 



372 INDEX 

Lacewings, 2 50-5 I 
Ladybugs, 249-50 
Laird, Marshall, 257 
Lawns, treated for crabgrass, 8o-8I 
Lead, arsenate of, 59, 253, 254, 26I 
Leaf roller, red-banded, 2 54 
Leather Trades Review, 265 
Lehman, Dr. Arnold, 22, 24 
Leukemia, 2 34; chromosome abnor-

mality in, 214-I 5; and pesticides as 
causative agents, 222, 226-30; rapid 
development of, 226; rising inci-
dence of, 226-27, 234; DDT and 
case histories of, 227, 228; in chil-
dren, 2 3 5; as possible two-step 
process, 2 38 

Levan, Albert, 2 3 3 
Lice, body, as disease carriers, 266; 

resistance among, 267, 268-<i9 
Life (Simpson, Pittendrigh, Tiffany), 

2IO 
Lime sulfur, resistance to, 264 
Lindane, nitrification affected by, 57; 

household use of, I 7 5; effects on 
nervous system, I96; plant muta-
tions caused by, 2 I 3; and blood dis-
orders, 227,228,229,234 

Liver, cellular damage caused by 
DDT, 2I, 23; diseases of, caused by 
chlorinated naphthalenes, 25; func-
tion of, I9I; effect of chlorinated 
hydrocarbons on, I9I-92, I95· 236; 
role in sex hormone inactivation, 
2 35-36; damage, and cancer devel-
opment, 2 36-37 

Long Island, effect of spraying for 
gypsy moth on, I 58 

Louisiana, fish mortality in, I4o; re-
luctance to sign up for fire ant pro-
gram in, I 7 I ; sugarcane borer in-
creased by fire ant chemicals, 2 55 

Lower Klamath Lake, California, 45 
Lucky Dragon, tuna vessel, 229 

McGill University, cancer research at, 
236 

Maine, brush spraying in, 6g-7o; for-
est spraying affects fish in, I 3 5 

Maine Department of Inland Fish-
eries and Game, I 3 5 

Malaria, flare-ups of, 2 70. See also 
Mosquitoes 

Malathion, 30-3I, 32, I91; symptoms 
of poisoning by, I77; effect on 
nervous system, I 97 

Malaya, resistance of mosquitoes in, 
2 73 

Male annihilation programs, 287 
Male sterilization technique, 2 79-84 
Maleic hydrazide, 2 I 3 
Malformations. See Defects, congen-

ital 
Mammals: killed by weeds sprayed 

with 2.4-D, 77; killed by aldrin, 
90-9I, 95, 9<)-IOO; killed by diel-
drin, 93-94; killed by insecticides 
in England, I 24; killed by fire ant 
program, I65-<i8; insecticides 
found in testes of, 207; effect of 
arsenic inges-tion on, 22 3; cancer 
research on, 2 36. See also Ante-
lope, Beaver, Cats, Coyotes, Deer, 
Moose 

Mantis,praying, 249, 25I 
Marigolds, used for combating nema-

todes, 78-79 
Marsh gas, I 9 
Matagorda Bay, insecticides threaten 

waters of, 145, I46 
Matthysse,J. G., u6 
Max Planck Institute of Cell Physiol-

ogy, 23I 
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Mayo Clinic, lymph and blood dis-

eases treated at, 227-28 
Mealy bugs, 292 
Mehner,John, 106, Io8 
Melander, A. L., 263--64 
Melbourne, University of, I98 
Melon fly, 287 
Mental disease, insecticides linked 

with, I97---98 
Mental retardation, 2 I 5 
Mesenteries, protective, 2 I 
Metcalf, Robert, 24 7 
Metchnikoff, Elie, 289 
Methane, I9 

I9I, I95---96 
Methyl chloride, molecular structure, 

I9 
Methyl-eugenol, 287 
Michigan Audubon Society, go 
Michigan State University, robin 
-population reduced by spraying at, 

Io6---g 
Microbial insecticides. See Bacterial 

insecticides 
Migration, worldwide, of organisms, 

Io-II 
Milk: human, insecticidal residues in, 

2 J; pesticide residues in, I 5g--60, 
I6o-70,I79 

Milkfish, destroyed by spraying, I44 
Milky disease, Japanese beetle, 97---99, 

289 
Miller, Howard C., I I6 
Mills, Dr. Herbert R., I47, I48 
Minnesota, University of, 78 
Mirarnichi River, I2<)-JO; salmon af-

fected by DDT spraying, I3I-35 
Mississippi Agricultural and Experi-

ment Station, I72 
Mites, soil, 55; spider, 252, 254; DDT 

spraying leads to increase of, in 

western forests, 253; in Nova Sco-
tia, 26o 

Mitochondria, 20I-2 
Mitosis, 2og--Io 
Molln, Germany, forest program in, 

2 94 
Mongolism, 2 I 5 
Montana, forest spraying in, I36-37 
Montana Fish and Game Depart-

ment, 136, 137 
Moose,67,68 
Mosquitoes, control of, and problem 

of fish conservation, 144; malaria-
carrying, 2 57; genetic effect of 
DDT on, 262; as disease transmit-
ters, 266; Culex, 267; resistant to 
DDT, 267, 26g--7o, 273; ultrasonic 
sound as weapon against, 287-88. 
See also Anopheles 

Moth, Argentine, used in weed con-
trol, 83 

Mothproofing, 174,175 
Mount Johnson Island, uo 
Mule deer, 66, 67 
Muller, Dr. Hermann}., 209, 2II, 

279 
Miiller, Paul, 20 
Murphy, Robert Cushman, 103, r 59 
Mustard gas, 209 
Mutagens, 37; chemical, 209, 212-16 
Mutations, genetic, 208; caused by 

various chemicals, 212-13; caused 
by X -rays, 2 79· See also Genetic 
effect 

My Wilderness: East to Katahdin (Dou-
glas), 67 

Naphthalenes, 25, 228 
National Audubon Society, Io4, I4 7 
National Cancer Institute, 2 39· See 

also Hueper, Dr. W C. 
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Natural History Survey. See Illinois 
Natural History Survey 

Nature, checks and balances of, 
246-48 

Nematode worms, marigolds used 
against, 78-79 

Nervous system, effect of insecticides 
on,I92-98 

New York State, Dutch elm disease 
control in, II 5-I7 

New York Times, I 76 
Newsom, Dr. L. D., I72 
Nickell, Walter P., 87 
Nicotine sulphate, I6, 260, 26I 
Nissan Island, 2 57 
Nitrification, effect of herbicides on, 

57 
Nitrophenols, 228 
Nova Scotia, biological control of or-

chard pests in, 26o-6I 
Nuclear division. See Mitosis 

Occupational Tumors (Hueper), 2 2 2 
Office ofVital Statistics, National, 

I64,205,22I,227 
Oklahoma Wildlife Conservation 

Department, I43 
Oligospermia, crop dusters subject 

to, 208 
Organic phosphates, 27-32; effects on 

nervous system, I92, I95· 
Organisms, worldwide Inigration of, 

Io-II 
Oxidation, cellular, 20o-2o3; effect 

of insecticides upon, 203-7; and 
cancer research, 2 3 I-33 

Oysters, I5o-5I 

Pacific Flyway, 46 
Pacific Science Congress, I44 
Pallister,John C., 27I 

Paradichlorobenzene, 228 
Paralysis, "ginger," 
Parathion,28,29-30,32,I26-27, I97 
Pascal, I77 
Pasteur, Louis, 220, 288 
Patau, Dr. Klaus, 2 I 5 
Peanuts, insecticide-contaminated, 6o 
Pennsylvania, fish mortality in, I40 
Penta (pentachlorophenol), 36, 203-4 
Pest Control Institute, Springforbi, 

Denmark, 2 73 
Pesticides, worldwide distribution of, 

I 5-I 7; and blocking of process of 
oxidation, 204; as mutagens, 209, 
2 I2-I6; as carcinogens, 222-30; in-
direct role in cancer, 2 3 7; and upset 
of insect populations, 252-57. See 
also Cheinicals, Insecticides, and 
various cheinicals by name 

"Pheasant sickness," I 2 5 
Phenols: effect on metabolism, 203; 

genetic effects of, 2 I 2 
Phillip, Captain Arthur, 8I 
Philippines, fish killed by spraying 

in, I44 
Phosphates. See Organic phosphates 
Phosphorylation, coupled, 203 
Pickett, A. D., 
Pittendrigh, Colin S., 2 IO 
Plankton, DDD accumulated by, 48; 

herbicides toxic tO, I 5o-5 I 
Plant killers. See Herbicides and 

Weed killers 
Plants, importation of, I I 
Pneumonia, cheinical, 78 
Poisoning, pesticide. See Disease, 

environmental 
Poisons, availability of, to home-

owners, I74-78 
Poitevint, Dr. Otis L., I68-69 
Polistes wasp, 2 5 I 
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Pott, Sir Percivall, 220 
Price, Dr. David, I88 
Prickly pears, insect enemy used to 

control, 82-83 
Prince Henry's Hospital, Melbourne, 

I98 
Pyrethrins, I 84 
Pyrethrum, I 6 

Quail, I67 

Rabinowitch, Eugene, 20I 
Radiation, 6-7; as uncoupler, 203; 

and congenital deformity, 205; ef-
fect on living cell, 208; parallel be-
tween chemicals and, 208-<); and 
cancer, 2 I 9; sterilization of insects 
by, 27<)-83 

Ragweed, 8o 
Ragwort, sprayed, attractive to live-

stock, 76 
Rangelands, spraying of, 68 
Ray, Dr. Francis E., 222 
"Reichenstein disease," 22 3 
Reproduction: of birds, adversely af-

fected by herbicides, 76; of birds, 
affected by DDT and related insec-
ticides, I08-<), 12o-22, 206, 207, 
213; diininished, linked with inter-
ference with biological oxidation, 
205 

Reservoirs, insecticides in, 50 
Residues, cheinical, on food, I78-83 
Resistance: of scale insects to lime 

sulfur, 264; of blue ticks to BHC, 
265; of disease-carrying insects, 
267; of houseflies to DDT, 267, 
268; of various mosquitoes, 267, 
269-70; of houseflies to BHC, 268; 
of body lice to DDT, 268-69; of 
malaria mosquitoes, 269; of ticks, 

2 7o-7 I; of German cockroaches, 
27I; of agricultural insects, 27I-72; 
mechanism of, 2 72-74 

Resurgence, insect, 8, 252-58 
Rhoads, C. P., 2 36--37 
Rhodesia, fish destruction in, I43-44 
Rice fields, 125-26 
Roadside spraying, 69-75 
Robins: affected by spraying for 

Dutch elm disease, Io6-<); repro-
duction affected by DDT, I2I 

Robson, William, 209 
Rocky Mountain Arsenal, 4 3 
Root borer, banana, 290 
Rostand,Jean, quoted, 13 
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RACHEL CARSON (1907-1964) 
spent most of her professional life 
as a marine biologist with the U.S. 
Fish and Wildlife Service. By the 
late 1950s, she had written three 
lyrical, popular books about the 
sea, including the best-selling The 
Sea Around Us, and had become 
the most respected science writer 
in America. She completed Silent 
Spring against formidable personal 
odds and despite critical attacks 
that echoed the assault on Charles 
Darwin when he published The 
Origin of Species, and with it shaped 
a powerful social movement that 
has altered the course of history. 

Despite the enormous impact of Silent Spring, Carson remained 
modest about her accomplishment; as she wrote to a friend, "The 
beauty of the living world I was trying to save has always been upper-
most in my mind-that, and anger at the senseless, brutish things that 
were being done ... Now I can believe I have at least helped a little." 

Among the many honors and awards Carson received during her 
lifetime were the National Book Award, for The Sea Around Us (1951); a 
Guggenheim fellowship (1951-1952); the John Burroughs Medal 
(1952); the Henry G. Bryant Gold Medal (1952); the Women's 
National Book Association Constance Lindsay Skinner Award (1963); 
the Conservationist of the Year Award from the National Wildlife 
Federation (1963); and a Gold Medal from the New York Zoological 
Society (1963). 

Rachel Carson lived in Silver Spring, Maryland, until her untimely 
death. 




