Opponents Call It

Danger to Environment;

Killer of Many Life Forms

By Dr. CHARLES WURSTER, JR.

Dr. Wurster is assistant professor of bio-
logical sciences at State University of
New York at Stony Brook. He was rec-
ommended by the office of Sen. Gaylord
Nelson as one of the leading authorities
on DDT.

URING the past quarter-century,

man has subjected his environ-
ment to an increasing variety of
chemical insults in the form of pol-
lutants with molecular structures
never before encountered by living
organisms. Of these contaminants,
the chlorinated hydrocarbon insecti-
cides (those, such as DDT, that con-
tain chlorine, carbon, and hydro-
gen) are probably more widely dis-
tributed than any other synthetic
chemicals and have become one of
the world’s most serious pollution
problems.

Residues of DDT and some of its
relatives seem to be almost every-
where—in soils never treated with
the chemicals, in birds and seals
that never leave the Antarctic (al-
though DDT has never been used
on that continent), in most other
animals and probably all humans,
in the air, even in remote parts of
the world, and even in the rain.
Yet, after 25 years of use, the phys-
iological mechanism of action for
the chlorinated hydrocarbons is
poorly understood, and we are only
now discovering some of its en-
vironmental effects. We are, in a
sense, conducting a biological ex-
periment of colossal proportions,
using the entire world as a labora-
tory.

How will it all come out? No one
knows. Clearly some parts of the
experiment have gone sour, and the

22

flow of bad news increases as the
data come in. Not all is mystery
about these chemicals, however, for
there is a great deal we do know
about them.

DDT was first made in 1874, but
its insecticidal properties were not
discovered until World War II. With
a high toxicity, great persistence,
and side effects that were neither
of concern nor well understood at
the time, DDT was the miracle in-
secticide that played a heroic and
glamorous role in the war, saving
thousands of lives that would other-
wise have been lost to malaria,
typhus, and other insect-borne dis-
eases. After the war it became a
panacea for all insect problems, and
its usage was greatly expanded.

While DDT has been the most
widely used and extensively studied,
and its residues are the most wide-
spread within the environment, most
other chlorinated hydrocarbons
have similar properties and should
be expected to have comparable
ecological effects. These include
dieldrin, aldrin, endrin, heptachlor,
chlordane, lindane, and others com-
monly used against insects under
a host of circumstances, including
gardens, farms, and forests.

Properties Cause Unique Problems

In order to understand the move-
ment and consequences of these ma-
terials within the natural environ-
ment, it is first necessary to know
something of their properties. The
chlorinated hydrocarbons present a
relatively unique environmental
problem because they combine four
important characteristics in the

same molecule:

1 Broad Toxicity and Biological
Activity—Rather than having a toxic
action that is limited to insects, as
is popularly supposed, the chlori-
nated hydrocarbons are toxic to a
broad spectrum of living organisms,
including most of the animal king-
dom and all vertebrates. All are
nerve poisons. They cause instabil-
ity or spontaneous “firing” of nerve
cells, and increased doses result in
tremors or convulsions —typical
symptoms of acute poisoning that
can occur in organisms ranging from
houseflies to man. In general, if an
organism has nerves, the chlorinated
hydrocarbons can kill it.

Recent studies have uncovered
other, more subtle, yet probably
more important, mechanisms of ac-
tion. At sublethal concentrations,
organisms show increased nervous-
ness, hyperactivity, and various
behavioral abnormalities. We now
know that most chlorinated hydro-
carbons are enzyme inducers, ie,
they can induce enzymes in the liver
that modify the steroid sex hor-
mones, thus changing their biologi-
cal activity and affecting vital phys-
iological processes. At the same
time, some members of the DDT
family can function as estrogens,
thus perhaps further upsetting hor-
mone balance, Very recent work
now suggests that DDT may inhibit
carbohydrate metabolism, that it
may affect the genetic material to
influence future generations, and
that it may be carcinogenic; each
of these mechanisms needs further
research.

(Continued on Page 24)
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| BILLL has been introduced be-
IX fore Congress to ban the na-
onwide sale of DDT.

Sen. Gaylord Nelson of Wisconsin
has forced upon our elected repre-
entatives the necessity of making
a decision.

" They must decide who shall have
priority of protection—people, or
gertain birds and fish.

The decision should be easy.

There is even a question of wheth-
er defeat of the bill would mean de-
gat (much less doomsday) for the
pirds and fish. There is strong evi-
ence, however, that banning DDT

d eventually impose death or a
lile sentence of misery upon literal-
ly thousands of people around the
world.

Lawmakers will be weighing the
merits of the case against DDT with
he tindings of a recently completed
1§-month study conducted at the
request of the U.S. Department of
‘Agriculture.

ritteen scientists of the National
ademy of Sciences and National
Research Council heard 83 principal
witnesses. These spokesmen includ-
20 authorities from scientific and
tonservation organizations, indus-
ry, universities and government
agencies.

A full report of their study may
b obtained trom Press Service, Of-
fice ot Iniormation, USDA, Wash-
ingion, D.C. 20250. A summary of
the committee's conclusions and rec-
ymmendations follows:

Conclusions
" 1. Persistent pesticides are con-
tributing to the health, food supply,

Defenders Say Environment

—And Especially People—-
Endangered Without It

and comfort of mankind, but, in the
absence of adequate information on
their behavior in nature, prudence
dictates that such long-lived chemi-
cals should not be needlessly re-
leased into the biosphere.

2. Although persistent pesticides
have been replaced in some uses
and are replaceable in others, they
are at present essential in certain
situations.

3. No decrease in the use of pes-
ticides is expected in the foreseeable
future. On a world basis, increased
use is probable.

4. Although the use of DDT has
decreased substantially, there was
no important change in the use of
other organochlorine insecticides in
the United States during the 10-
year period ending June 30, 1967.

5. Available evidence does not
indicate that present levels of pesti-
cide residues in man’s food and en-
vironment produce an adverse ef-
fect on his health.

6. Registration requirements for
persistent pesticides appear to pro-
vide adequate safeguards for hu-
man health, but continuing atten-
tion must be given to accommodat-
ing new knowledge and insuring
against subtle long-term effects.

7. Residues of certain persistent
pesticides in the environment have
an adverse effect on some species of
wild animals and threaten the ex-
istence of others.

8. The availability and low cost
of effective persistent pesticides
have slowed the development and
adoption of alternative methods of
control.

9. Work on nonchemical meth-
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ods as alternatives to persistent pes-
ticides has been emphasized in re-
cent years, and continued support
for this work is needed.

10. Inadequate attention and sup-
port are being given to developing
pesticidal chemicals and to improv-
ing techniques for using them.

11. Persistent pesticides are of
special concern when their residues
possess—in addition to persistence—
toxicity, mobility in the environ-
ment, and a tendency for storage in
the biota.

12. A few organochlorine insecti-
cides and their metabolites have be-
come widely distributed in the bio-
sphere, appearing in the biota at
points far from their places of ap-
plication,

13. The biosphere has a large
capacity for storage of persistent
pesticides in the soil, water, air, and
biota, but little is known concern-
ing amounts of persistent pesticides
and of their degradation products
that are stored in the biosphere.

14. Knowledge is incomplete con-
cerning the fate and degradation of
persistent pesticides in the environ-
ment, their behavior in the environ-
ment, the toxicity of the degradation
products, and the interaction of
these products with other chemicals.

15. Present methods of regulat-
ing the marketing and use of persist-
ent pesticides appear to accomplish
the objectives of providing the user
with a properly labeled product and
holding the amounts of residue in
man and his food at a low level.
However, they do not appear to in-
sure the prevention of environmen-

(Continued on Page 25)
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2 Mobility—Unfortunately, these
insecticides do not remain where
they are applied, dispersal through
the environment being facilitated by
a variety of transport mechanisms.
Obviously the chemicals can travel
about within living, mobile organ-
isms, though this mode of transport
seems minor. Despite low water sol-
ubilities and vapor pressures, large
amounts can be carried by vast
quantities of moving water and air,
and dispersal is further facilitated
by the tendency of these materials
to form suspensions in both air and
water. Since many insecticide appli-
cation procedures intentionally pro-
duce atomized droplets or particles,
substantial amounts are thereby
passed into the atmosphere. Less
than half the amount sprayed from
a plane may reach the ground. Once
in the air, these materials can circle
the globe in a few weeks; fallout
from the air probably contributes
about the same quantity of pesti-
cides to the oceans as do major
river systems.

The chlorinated hydrocarbons also
readily adsorb to particulate matter
like soil particles, which are carried
away by wind and water. Escape
into the air is further aided by the
process of codistillation, whereby
the chemicals pass into the vapor
state associated with evaporating
water. Thus a wet field will release
pesticides into the air much more
rapidly than will a dry one. It is
clear, then, that these insecticides
can be transported about much of
the earth to points far distant from
the original application site by cur-
rents of water and air, as well as
by mobile organisms.

3 Chemical Stability—In the en-
vironment, the chlorinated hydro-
carbons are very stable compounds;
they probably have a half-life of
many years or decades, but exactly
how long they persist we do not
know. Mechanisms for effectively
metabolizing or breaking down
these exotic materials apparently
have not evolved, although certain
tissues, particularly liver, can bring
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about gradual breakdown. DDT is
slowly metabolized into DDE, DDD,
and eventually other compounds,
but unfortunately most of these, too,
are toxic and induce liver enzymes.
DDE, apparently more stable than
DDT, is probably the world’s most
widely distributed synthetic organic
chemical.

Treated areas show declining resi-
dues during subsequent years, but
this “disappearance” is sometimes
falsely equated with decomposition.
The two are not the same. Increas-
ing evidence indicates that much of
these materials have simply gone
elsewhere in their original, or slight-
ly modified, form, retaining their
biological activity.

4 Solubility Characteristics—DDT
is insoluble in water—almost. DDT
saturates water at only 1.2 parts per
billion (ppb), making it one of the
most insoluble organic substances
known. Conversely, the chlorinated
hydrocarbons are soluble in lipids
(fats or fat-like materials). They
are, therefore, invariably more sol-
uble in any biological material, liv-
ing or dead, than in water, since all
organisms contain lipids. If we divide
the biosphere into the inorganic
(nonbiological) and the organic
(biological), we must always expect
the chlorinated hydrocarbons to
flow from the former into the latter.
Organisms, therefore, remove these
chemicals from their environment
and retain them.

DDT Travels Far

These four properties mean that
biologically potent chemicals will
contaminate non-target organisms
far removed by both time and space
from the site of application.

Chlorinated hydrocarbons may be
absorbed by organisms through the
gills, the skin, from the diet, and
from the air via the lungs. Muds
and other solids that hold these
chemicals by absorption serve as
reservoirs, feeding the chemicals
into the water as they are absorbed
by organisms. Living organisms ac-
cumulate these residues and become
contaminated, often from an envi-
ronment that may appear relatively

UW Wildiife Ex ]
. pert Link
DDT Wit Decline of Birjs

“clean.” For this reason some meas-.

urements of environmental quality

are misleading. One must analyze
living organisms, rather than water,
to monitor water quality. Water and
air are the transport media, but they
contain only minute amounts of
these chemicals.

Biological Concentration Occurs

Once these insecticides get into

food chains, something else happens
—the phenomenon of biological con-
centration, often called biological
“magnification.” Each organism eats
many organisms from

step down in the food chain. A
robin, for example, eats many earth-

worms, and a large fish eats many

the next
lower trophic level, ie., the next

smaller fish. These food organisms

are digested and excreted, but the

chlorinated hydrocarbons are re-

tained. The chemicals remain in
and therefore

biological
accumulate,

material
the concentration de-

pending on rates of intake, break-

down, and excretion.

The use of DDT in attempted con-
trol of Dutch elm disease is a clear
and relatively simple example of
food chain contamination. Since
DDT is sprayed when the elms are
leafless, only a small fraction re-
mains on the trees. The rest is either

lost into the air or settles to the

earth. That retained by the tree
eventually also reaches the ground.
Earthworms and other organisms
that work the soil accumulate the
DDT and become contaminated.
Many species of ground-feeding
birds eat the soil organisms, con-
centrate the DDT further, receive
a lethal dose, and die with tremors.

Flying insects also become con-
taminated by contact with the trees
and soil, especially those emerging
from soil dwelling larvae. Insectiv-
orous birds of the treetops thereby
also become involved in this mass

avian mortality. In some treated

areas, robin mortality has been vir-
tually complete and birds of all
species have been reduced by as
much as 90 percent.

Wide areas of the coniferous for-

(Continued on Page 28)
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(Continued from Page 25)

tal contamination.

16. Public demand for attractive-
ness in fruit and vegetables, and
statutory limits on the presence of
insect parts in processed foods, have
invited excessive use of pesticides.

17. The National Pesticide Moni-
toring Program provides adequate
information about residues in man
and his food, but it does not pro-
vide adequate information about the
environment generally, because it
can detect changes in residues only
in selected parts of the biosphere.

18. Contamination of the bio-
sphere resulting from the use of per-
sistent pesticides is an international
problem. Changes in techniques for

using these pesticides and the sub-
stitution of alternatives here and
abroad are questions of immediate
concern to all mankind.

Recommendations

The Committee recommends—

1. That further and more effec-
tive steps be taken to reduce the
needless or inadvertent release of
persistent pesticides into the envir-
onment.

2. That, in the public interest, ac-
tion be increased at international,
national, and local levels to mini-
mize environmental contamination
where the use of persistent pesti-
cides remains advisable.

3. That studies of the possible
long-term effects of low levels of
persistent pesticides on man and

other mammals be intensified.

4. That efforts to assess the be-
havior of persistent pesticides and
their ecological implications in the
environment be expanded and in-
tensified.

5. That public funds for research
on chemical methods of pest control
be increased without sacrifice of ef-
fort on nonchemical methods.

6. That the present system of reg-
ulation, inspection, and monitoring
to protect man and his food supply
from pesticide contamination be
continued.

7. That the objectives and pro-
cedures of the National Pesticide
Monitoring Program be reviewed
and that the feasibility of obtaining
data on quantities of persistent pes-

(Continued on Page 26)

USDA'’s suspension from use
of nine pesticides should not
‘ be interpreted as an ‘“admis-
sion” that these chemicals are
harmful to wildlife and people,
a Department spokesman told
WTT's editor shortly after the
announcement was published
in mid-July.

One of the pesticides is DDT,
which Sen. Gaylord Nelson of
Wisconsin is seeking to ban na-
tionwide through a bill now
before a congressional sub-
committee.

Questioned about the timing
and effect of the USDA sus-
pension with regard to this
legislation, the spokesman
spelled out USDA’s position
generally on chemical pesti-
cides:

“We are categorically not
in favor of any action that
represents an across-the-board
ban on DDT or any other pes-
ticide. Any action that’s taken
should be on a case-by-case
basis.”

USDA Pesticide Suspension Order No 'Confession’

The spokesman added that
he did not believe the Nelson
bill would pass.

The suspension on the use
of nine chemicals isn't neces-
sarily permanent, the spokes-
man pointed out. Rather, it
is for the duration of the re-
view, expected to be completed
within 30 days.

“Some programs may re-
quire a quick decision and be
reinstated before 30 days,” he
said. “On other programs, the
review (and suspension) may
need to be extended.”

The review was initiated,
the spokesman explained, just
to “show response to the NAS
(National Academy of
Sciences) study and recom-
mendations and the request of
wildlife conservationists.”

A report by NAS and the
National Research Council had
recommended that “further
and more effective steps be
taken to reduce the needless or
inadvertent release of persist-

ent pesticides into the envi-
ronment.”

The spokesman said the re-
view is to see if in fact there
are more effective steps that
could be taken on those pro-
grams carried out by USDA.

“Basically, we'll be looking
for effective alternatives,” he
said, since, repeating the words
of the release, “USDA pro-
grams in the past have been
carefully planned and carried
out to insure maximum safety
to man, animals and our nat-
ural resources.”

It is the Department's in-
tention, he said, to carry out
the review so that it “won’t
unduly delay” critical pro-
grams.

The suspension order affects
programs of the Agricultural
Research Service and the For-
est Service involving any
planned applications of DDT,
dieldrin, endrin, aldrin, chlor-
dane, toxaphene, lindane, hep-
tachlor, or BHC.
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Bills Ask DDT Ban;

Summaries of Wisconsin
Senator Gaylord Nelson's two
bills affecting DDT follow.

Bill 1753 would amend the
Federal Insecticide, Fungicide
and Rodenticide Act by adding
Sec. 17. The paragraph would
make it unlawful for any per-
son to distribute, sell, or offer
to sell, DDT in the U.S. after
June 30, 1970. It also would
be unlawful to receive DDT
from any foreign country.

Bill 1799 would establish a
National Pesticide Commis-
sion. Under provisions of this
bill, the President would ap-
point three representatives
from government agencies,
three from the scientific and
medical professions, two each
from conservation and agri-
cultural organizations and two
from private enterprises for
a term of three years.

The commission would be
responsible for:

1. Determining and evalu-
ating the present usage of pes-
ticides;

2. Reviewing existing lim-
itations on pesticide use and

Pesticide Commission

Senator
Gaylord
Nelson

current labeling requirements;

3. Recommending standards
of safety for pesticides in
water;

4, Developing a continuing
monitoring program for pesti-
cides in the soil, air, water,
wildlife, fish and humans;

5. Fostering research in the
development of less persistent,
less toxic pesticides;

6. Initiating basic research
into the degradability of pes-
ticides;

7. Conducting research on
the effects of pesticides on the
environment, fish and wildlife
and humans; and

8. Making recommendations
on the elimination or limita-
tion of use of certain pesti-
cides to the President and
Congress.

DDT Defenders . . .

(Continued from Page 25)
ticides in the biosphere be studied.

No Danger to Humans

The strange aspect of the DDT
controversy is that the cry for a
total ban on usage comes at best on
the basis of questionable evidence
of damage to wildlife. And this ab-
solute position is taken without ap-
parent regard for the consequences
that people would suffer.

Evidence to the contrary is too
strong for opponents to contend that
DDT is a threat to human life.

The summary of a study conduct-
ed by the National Communicable
Disease Center at Atlanta, Ga,
states:

“A study was made of 35 men with
11 to 19 years of exposure in a
plant that has produced DDT con-
tinuously and exclusively since 1947.

“Findings from medical history,
physical examination, routine clini-
cal laboratory tests, and chest X-ray

26

attributable to exposure to DDT.
film did not reveal any ill effects
It was estimated that the average
daily intake of DDT by the 20 men
with high occupational exposure
was 17.5 mg per man per day as
compared to an average of 0.04 mg
per man per day for the general
population.”

Dr, Thomas H. Jukes, a biochemist
at the Space Sciences Laboratory at
the University of California, de-
scribed recently the greatest ‘“ex-
periment” with DDT. It took place
in India with American assistance.
It began in 1953 and was stepped up
in 1958.

The success of the program ‘“de-
pended upon the fact that DDT is
a residual insecticide,” said Dr.
Jukes.

“At the start, there were 75 mil-
lion cases of malaria in India, and
life expectancy for Indians was 32
years. By 1962, 147,593,270 pounds
of DDT had been used, and life ex-
pectancy had jumped to 47 years.
By 1967, there were fewer than 100,-

000 cases of malaria in India.

“DDT is safe, and has been stud-
ied more than any other pesticide
for its effects on human beings,” Dr.
Jukes said.

“Without pesticides, there
wouldn’t be enough food to go
around. Most important DDT is
needed by the millions of people
because it is a cheap, safe residual
pesticide.”

At one time malaria killed two
million people and left millions of
others debilitated from the disease
each year, another biochemist tes-
tified recently.

Ban would Be ‘Disastrous’

Dr. Wayland J. Hayes, former
Chief of Toxicology for the U.S.
Public Health Service and now
a professor at Vanderbilt Univer-
sity, Nashville, Tenn., said that
while malaria isn't a threat to pub-
lic health any longer in the U.S,
it remains a major killer of people
in many parts of the world.

“DDT still remains the most im-
portant single tool for control of
malaria,” he said.

A ban on DDT would prove “dis-
astrous,” as undoubtedly there
would be a resurgence of malaria
without it.

There would be a particularly
adverse effect on the control of
malaria in emerging nations which
look to the U.S. for leadership.

Dr. Hayes said he feared people
in other countries would feel that
if DDT were banned in the U.S,
it would not be safe for use in their
countries, and that many human
lives would be needlessly lost.

Dr. Jukes, agreeing, cited an ar-
ticle that predicted the campaign
against pesticides could cause deaths
and sufferings greater than those
of World War II.

DDT Does Break Down

Dr. Hayes testified at public hear-
ings on a proposal to impose a state
ban on DDT in Wisconsin. Other
witnesses questioned the very basis
of Dr. Wurster’s position against
DDT that it is permanently stored
and that the buildup is now en-
dangering certain species of wild-
life.

“I know of no natural situation
where DDT is not degraded,” stated
Dr. Paul E. Porter, an associate
member and consultant to pesticide
commissions of the International
Union of Pure and Applied Chem-
istry.

In addition, Porter said DDT does
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not build up in plant life, soil wa-
ter, fish, or mammals, beyond a
naturally reversible plateau. When
this level is reached, he said, it
remains balanced between intake
and dissipation.

Porter said DDT is broken down
by nature in soil and degraded to
far less toxic compounds by the
action of micro-organisms present.
On vegetation, it is broken down
by sunlight and is additionally dis-
persed by rain and evaporation.

. Since DDT adheres to soil par-
ticles it is not readily moved by
water, making the compound rela-
tively stable, he advised. However,
what remains of DDT and its meta-
bolites disappears at an approxi-
mate rate of 20% per year, regard-
less of concentration.

In streams, lakes, and ocean wa-
ters, DDT and its metabolite DDE
are absorbed on matter which is
present, with a considerable portion
sinking to muddy water beds.

In mammals and birds, studies re-
ported degradation of DDT through
internal chemical action and excre-
tion. A portion of the chemical com-
ponents are stored in fat, but here
again a stored level is reached, Por-
ter testified, with no additional
buildup of DDT residues in the
animal.

Abnormally high levels of DDT
residue reportedly found in many
wildlife species may have been in-
accurately measured and exagger-
ated, said Francis B. Coon, chief
of the Wisconsin Alumni Research
Foundation's chemical department.

“PCBs,” polychlorinated biphen-
yls, Coon pointed out, are compounds
that produce an almost identical
picture to DDT when analyzed on a
gas-chromatograph, an analytical
instrument which “fingerprints”
chemical compounds.

Until this confusion between
DDT and PCBs was recently dis-
covered, most gas chromatographic
assays overstated the amount of
DDT above that actually in the
sample, due to the presence of the
PCBs.

Birds Not Affected

DDT-fed pheasants, testified Dr.
Frank Cherms, University of Wis-
consin professor of poultry science,
have exhibited no changes in re-
production rates.

In other tests, turkey and quail
were fed 200 parts per million of
DDT. The pesticide intake, Cherms
said, resulted in no changes in the
thickness of egg shells.

Many other factors found in the
environment, he continued, could
affect differences in shell thickness
of wild bird eggs. If birds are
frightened, by being chased, or dis-
turbed by cars, dogs barking, horns,
or jet airplane sonic booms, thinner
egg shells can be the result.

In any experiments in wild birds
to ascertain causes of shell altera-
tions, it would be necessary to ne-
gate other genetic, disease, and en-
vironmental factors before DDT
could be ruled the cause of egg
failures, Dr. Cherms testified.

In denying that DDT is a threat
to wildlife, William F. Gusey, wild-
life specialist, noted that “the mam-
mal population on a country-wide
basis is in a ‘sound state,” and thrif-
ty; big game has increased in num-
bers for the past 30 years; and popu-
lation of small game and upland
game birds has been quite favorably
maintained—as well as many song
birds, including robins.”

Gusey is a former assistant divi-
sion chief of the U.S. Department
of Interior's Bureau of Sport Fish-
eries and wildlife.

Dr. Jukes, the California biochem-
ist, strengthens the ‘‘sound-state”
appraisal of the bird populations by
citing a comparison of Audubon So-
ciety Christmas bird counts for 1941
and 1960, before and atter the wide-
spread use of DDT.

“The greatest increases are in
grackles, redwing blackbirds, cow-
pirds, starlings and robins—up 11-
1o0ld to 131-fold.

“I think by far the greatest ef-
fect of DDT on birds is to kill mos-
quitoes that carry serious diseases
of wild birds, including malaria,
Newcastle disease, fowl pox and
encephalitis.”

Ban Too Drastic

Banning DDT could bring many
lesser adverse effects upon people,
not the least of which include pre-
dictions that food prices would rise
and many more Dutch elm diseased
trees would tall, because substi-
tute chemicals are more costly and
less effective.

It is vital to realize that DDT
still is an essential chemical for
which there is no comparable substi-
tute for certain afflictions.

American technology inevitably
will solve the problem to the satis-
faction of all of us. But to impose
an outright ban on DDT at this
time would be far more serious
than to have outlawed the horse
as a mode of transportation before
the automobile was invented.
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(Continued from Page 24)

ests of North America have been
sprayed with DDT during the past
decade to control the spruce bud-
worm. In New Brunswick, Canada,
where excellent salmon streams in-
clude the Miramichi River, DDT ap-
plications have caused severe and
widespread losses of salmon, trout,
and other fish. After an application
of DDT in 1954, not a single salmon
fry was seen that year. Harmful
effects extended 30 or more miles
below the spray zones and lasted
for several years. And effects were
not limited to fish. A single treat-
ment changed the insect ecology of
the area for at least three to four
years.

Concentrations Eventually Kill

Since the chlorinated hydrocar-
bons are concentrated as they as-
cend the food chain, carnivorous
birds at the top of this pyramid
reach the highest concentrations and
face special problems. Death some-
times occurs.

In North America, reproductive
success of the osprey has declined
sharply. A colony in Connecticut, its
habitat and other factors apparent-
ly unchanged, declined from 200
pairs in 1938 to 12 pairs in 1965.
Their eggs contained 5.1 parts per
million (ppm) of DDT residues and
productivity was 0.5 young per nest,
while Maryland birds with 3.0 ppm
produced 1.1 young per nest and
normal productivity was 2.2 to 2.5
per nest. Ospreys are fish-hawks
and DDT residues in the fish eaten
by Connecticut ospreys proved to be
five to ten times higher than in the
food of the Maryland birds.

Studies of the peregrine falcon in
Europe reveal a widespread and
rapid population decline which be-
gan during the early 1950's. The de-
cline was characterized by egg
breakage and egg eating by parent
birds, abandonment of nests, and
other abnormal breeding behavior,
and it coincided geographically and
in time with the use of chlorinated
hydrocarbon insecticides. Tissues
and eggs of the peregrine contained
DDE, dieldrin, and heptachlor
epoxide.

A highly significant, sudden, and
widespread decrease in eggshell
thickness and calcium content oc-
curred during 1946-48 in several
British birds of prey, including the
peregrine falcon. Shell thickness
and calcium content were stable
from 1900 to 1946, then declined by
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7 to 25 percent within a few years
with no subsequent recovery. The
years of decline coincided exactly
with the introduction of DDT into
the world environment.

DDT Biological Makeup

But what do eggshells have to do
with DDT and reproduction? Quite
a lot. In birds, increased absorption
of calcium from the diet, decreased
excretion, and deposition of calcium
in bone marrow are all mediated
by estrogen, a steroid sex hormone.
The calcium in the marrow is later
transported to the oviduct where
it becomes part of the eggshell. A
subnormal estrogen level interrupts
this crucial chain of events in the
reproductive cycle.

Recent studies showed that DDT,
DDE, and dieldrin induced liver en-
zymes to break down steroid sex
hormones in pigeons, and caused
mallards and sparrow hawks to lay
thin-shelled eggs and have a lower
reproductive success.

In aquatic environments, the chlo-
rinated hydrocarbons may contam-
inate virtually all organisms at all
levels of the food pyramid. This has
happened to the Lake Michigan
ecosystem. DDT residues in bottom
muds averaged 0.014 ppm, but am-
phipods contained 0.41 ppm, nearly
30 times that of the mud. Several
species of fish carried residues 10
times higher than the amphipods,
and herring gulls at 99 ppm were
20 to 30 times more than the fish.
The gulls showed low breeding suc-
cess and behavioral abnormalities,
and could not withstand stress.
When starved, the birds developed
tremors and died of DDT poisoning
while less contaminated gulls eas-
ily withstood the same treatment.
(Starvation depletes fat reserves
that store DDT residues, thus re-
leasing the toxins into vital tissues.)

Fish Accumulate Residues

The Coho salmon, being a top
carnivore, also accumulated residues
in Lake Michigan and these were
passed into the eggs. Recently al-
most 700,000 salmon fry died shortly
after hatching. The fry were poi-
soned by residues in the egg yolk
during final absorption of the yolk
sac. Heavy mortality of trout fry
occurred similarly in several New
York lakes. For several years, mor-
tality of fry from Lake George
was 100 percent.

Clear Lake, California, offers an-
other classic example of biological
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concentration in action. Additions
of DDT to the war in an attempt
to control gnats, the last in 1957,
were followed by the dying of
western grebes, reduction of the
nesting colony from 1,000 to 30
pairs by 1960, complete nesting
failure among survivors for several
years, and 500 to 1,500 ppm of DDD
in grebe fat. In 1967, ten years after
the last treatment, the grebes still
averaged 544 ppm of DDD in their
fat, and the colony of 165 pairs still
had very poor nesting success.

Effects are by no means limited
to the top of the food pyramid. A
few ppm of DDT in the water can
decrease photosynthesis in marine
phytoplankton. These single-celled
algae are the indispensible base of
marine food chains and are respon-
sible for more than half of the
world's photosynthesis. Interference
with this process could have pro-
found worldwide biological implica-
fions.

The nature and movement of the
chlorinated hydrocarbons indicate
that they will be transferred from
the earth’s treated land areas to its
ocean basins, where they will accu-
mulate. Being so insoluble in water,
however, we cannot expect them to
“get lost” in the oceans; they will
be picked up by its living organ-
isms. Recent analyses of fish and
birds from both the Atlantic and
Pacific Oceans indicate that this
process is occurring.

The Bermuda petrel is a rare
oceanic bird of the North Atlantic
that has no contact with any con-
tinent or area treated with insecti-
cides. Yet its eggs and chicks aver-
age 6.4 ppm of DDT residues, and
reproductive success has declined
significantly since 1958. Only from
its oceanic food chain could this
bird become so contaminated.

There are more data from the
Pacific, but the story is the same.

Clearly the chlorinated hydro-
carbon insecticides cannot continue
to be used in the natural environ-
ment without serious degradation
of the world ecosystem. Fortunately
we have a choice. Many biological
techniques exist for controlling in-
sect populations, and numerous
other less stable, more specific in-
secticides are available. These alter-
natives are highly effective. Man's
control of pests requires ecological
sanity. Which way will we go?



