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FOREWORD
A large and growing number of chemical substances are introduced into man's
environment each year. To many of these substances man is involuntarily exposed.
Some exposures represent identified and recognized hazards to his health and well
being, but to a great extent our ability to understand the biological effects of chemical
substances such as pesticides, food additives and therapeutic drugs has not kept pace
with our technological ability to develop and use new substances.

In May 1970, a panel of the President's Science Advisory Committee was established
to review a broad set of issues concerning chemical substances and human health. This
panel was a reflection of the initiative and concern of two previous Science Advisers,
Drs. Lee A. DuBridge and Edward E. David, Jr. It was their belief that the time had come
to take stock of the scope of the intrusion of chemical substances into man's
environment, of the known or implied threats to human health which they represented,
and of the degree of protection which regulatory processes could be reasonably
expected to provide. The report of the panel is the product of almost two years of
deliberation and contains much useful information on the size and nature of both the
risks and the benefits that are involved in the use of chemicals.

The report was prepared by an outside advisory group. It has been reviewed by the
Federal agencies most concerned with these matters. Many of its recommendations
deal with administrative, resource, organizational and procedural matters.
Implementation of such recommendations involves a weighing of broad policy
questions that a technical group cannot adequately undertake. Several of the report's
recommendations, however, have already been implemented. Others will quite likely
be the source of continuing debate and study. I am releasing the report, therefore, in
order that it may contribute to the state of public knowledge and deliberation on this
difficult and complex subject.

/uyford SteverGuyford
Director

and
The Science Adviser
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THE PRESIDENT'S SCIENCE ADVISORY COMMITTEE
EXECUTIVE OFFICE BUILDING

WASHINGTON, D.C. 20506

May 1970

Terms of Reference for a PSAC
Panel on Chemicals and Health

A very large number of chemical substances are purposefully introduced into society
which impinge directly on man. Therapeutic drugs are perhaps the most obvious. In
addition, however, there are more than 60,000 registered pesticide formulations on the
Federal rolls and there is an uncertain but very long list of food additives which are used to
improve certain qualities of food substances.

Large segments of the population are subjected to these chemicals for very long periods
of time. In spite of this level of exposure, the understanding in any depth of the physiological
hazards and toxicity of many of these chemicals is generally not available. The technology of
development of these chemicals has not been matched by corresponding biological
understanding of them. Of particular concern are potentially deleterious effects on health
resulting from long-term exposures to low levels of these chemicals, alone or in combination.

Occasional incidents call this matter to public attention. Recent examples have included
cyclamates, pesticide residues, and oral contraceptives. Thus far, each case has been treated
individually—usually in a manner reactive to a variety of pressures of the moment and
rarely if ever reflective of a sufficient background of objective information. At the same
time, the number of chemical substances in use continues to increase as do the corresponding
chances of human exposure. It appears desirable that the whole situation be addressed at
once with a view towards ascertaining whether the public health and well-being are
adequately safeguarded, and if not, what actions should be set in motion.

A PSAC panel is being established to explore this situation. It should consider such
questions as:

1. How much assurance of safety should we require?

2. What kinds and levels of research must be performed to reach a desired level of
understanding?

3. What resources will be required? What will be required in terms of organizational and
financial arrangements, including research facilities?

4. How are the results of research best put to use in the decision-making process? How
should the research and research results be related to the regulatory process? What
organizational and institutional arrangements are needed for social decision-making and
education at the various levels of decision-making within the Federal Government and in the
community-at-large?

Note: There are many other substances that result from man's activities that may affect man directly, such as
asbestos fibers, air pollutants, etc. To the extent reasonable, the study may consider these, too, although it is
recognized that the actions to control these substances may be quite different from those required to control the
previously described substances.
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SECTION I—Summary and Recommendations

CHAPTER 1

INTRODUCTION

The charge to this Panel—Chemi-
cals and Health—could have been
unmanageably broad—since both we
and our environment are complexes
of chemical systems. Choices had to
be made. Guided by various public
concerns, by scientific and techno-
logical developments, and by recent
regulatory history, our detailed
attention has focused on those estab-
lished or implied threats to health
attendant upon medicines, agricul-
tural chemicals, food additives,
household and industrial chemicals
and, to a lesser degree, other pollut-
ants of air and water.

We have chosen to exclude from
any detailed consideration the
admittedly critical areas of drug
abuse, dietary choice, and under-
nutrition, although foods and illicit
drugs, as we will later emphasize, are
important parts of our chemical
environment.

We have attempted to consider the
size and nature of the risks inevitably
involved in the use of chemicals, and
the magnitude and character of the
benefits they provide, including the
role they play in improving public
health. This is a subject as complex
as life itself, and just as full of
uncertainties and conflicts.

Public attention is now focused on
what might once have seemed quite
minor threats to health, in large part
because our younger citizens are the
first generations ever to grow up
nearly free of maj or threats from once
c o m m o n i n f e c t i o u s d i s -
eases—whooping cough, scarlet
fever, typhoid, pneumonia, strepto-
coccal infections. They are also
nearly free of the serious nutritional
diseases such as rickets, pellagra,
and goiter.

Along with a host of other factors,
a wide variety of chemicals—drugs,
fer t i l izers , vitamins and pesti-
cides—have helped to achieve these

gains. Yet the very absence of these
former scourges has left clear the
field for the chronic degenerative
diseases, some of which are likely to
have external chemical causes. We
need now to develop ways to deal
with these slower acting and less
direct causes of death and chronic
sickness.

In the area of chemicals and health
our country requires, above all, a
sense of perspective. Without that we
will work on the wrong things, waste
irreplaceable effort, and neglect the
truly vital. Next, we need balanced
judgments and actions. Without
them we will do the right things
wrongly, or poorly, or not at all.

In seeking an adequate perspec-
tive, we have looked broadly at the
threats to health linked to chemi-
cals. Several of the largest involve
voluntary exposure—cigarette
smoking, alcohol abuse, dietary
composition—have been extensive-
ly discussed elsewhere. (The
involuntary aspects of death from
alcohol-related automobile acci-
dents and homicides cannot be ne-
glected.) Our recommendations
recognize their importance despite
the fact that they have not played a
central role in our investigation, and
we urge increased effort and new
measures of education and control.

The bulk of our report and
recommendations, however, deal
with lesser threats in our environ-
ment, and focus on possibilities for
their more effective control and more
rapid discovery.

Public expectations and govern-
ment philosophy have called for in-
creasing protection of the public
health and welfare and increasing
prevention of exposure to dangerous
substances, with emphasis on
protection from involuntary expo-
sures but with attention to volun-
tary exposures as well.

The health-related regulatory
agencies of the government dealing-
with chemicals, now the Food and
Drug Administrat ion and the
Environmental Protection Agency,
have evolved stage by stage. Their
present organizational positions re-
flect an increasing public desire to
separate health-protection func-
tions from the encouragement of the
production and use of products.

With time, the spectrum of items to
be regulated and the character of
regulation have changed. While the
threats to health and the pattern of
disease of a century ago have been al-
tered, there has been an enormous in-
crease in the number of substances to
be regulated, and the scope and
complexity of regulation have
correspondingly increased. The tools
of analysis and detection and the ad-
vances in scientific understanding
have combined not only to heighten
our awareness of environmental
chemical agents and of varied
possibilities of disease causation, but
also to raise our expectations that
these might be better controlled.

During the last few decades many
exposures, involuntary and volun-
tary, have become more recognized,
some as they increased in signifi-
cance like air pollution and cigarette
smoking, others as they remained
constant or declined. The next few
decades, as our knowledge and
understanding increases further, will
see the recognition of many new
exposures, involuntary and volun-
tary, of some health significance. We
will have to learn much more about
how we should meet threats from
voluntary exposures. (The history of
our national experience with prohibi-
tion suggests that governmental
regulation will not always be a
successful tactic for meeting such
threats to human health.) Our atten-
tion in this report is mainly to regula-



tion, but both our concern and our na-
tion's need extend far beyond it.

For regulation to function prop-
erly, we must know more about the
biological mechanisms by which
chemicals can or do threaten us, we
must have more effective and more
eff ic ient ways of testing both
individual substances and all the
materials that will touch or feed us,
we must recognize more diverse and
more subtle threats more rapidly. To
this end we are badly in need of new
knowledge today; tomorrow our
needs for it will grow greater and
greater.

Both to regulate wisely and gain
needed new knowledge, we will need
more highly skilled people, trained in
appropriate specialties. We have not
studied the needs in detail, and do not
make detailed recommendations.
Among many others, the need for a
great increase in appropriately train-
ed clinical pharmacologists and
toxicologists and the need for
persons of diverse specializations in
environmental epidemiology are too
great, however, not to be at least
noted.

It is time to take stock. Is regula-
tion of chemical agents in our
environment performing the health-
protection function to a degree that
coincides with our expectations?
More important, can regulation do
so? Are regulatory decisions based
on a suitable foundation of scientific
knowledge—one that is growing fast
enough? Do the decisions reflect an
appropriately broad set of considera-
tions in each case? Are all the parties
of interest able to contribute appro-
priately to the body of facts and argu-
ments on which decision is based?

The answers to all these questions
are encouraging, yet in each case
there is more that we can do, as our
recommendations show.

The most important thing we can
do now is to make our regulatory
decisions better balanced, to ensure
that positive effects on health are
balanced against negative ones and
that non-health effects are duly con-
sidered.

The next most important thing is to
increase public understanding and

acceptance of these better balanced
regulatory decisions. This involves
not only bringing to public attention
much more of the pros and cons of
administrative actions—and much
more about what we do or do not
know—but also offering the public
more effective channels through
which to express its interests, con-
cerns and doubts.

We stress the following themes:

Perfect Safety Is Not Attainable.
We must always live with some risks
both because nature forever con-
fronts us with hazards, and also be-
cause the contributions of chemicals
to human welfare are so vital. Our
knowledge is never complete; as it in-
creases, it will make us reconsider,
and often revise, past decisions.

Improved Safety Is Possible. But to
make the greatest possible health ad-
vance, we ought to react most to the
gravest threats, as judged by their
total consequences for all our people,
particularly when these threats are
either well-established, or both
plausibly true and long-delayed in
impact. We need also to react appro-
priately to less-certain threats that
can be avoided without appreciable
disadvantages. Threats of lower
priority should not be neglected but
need not be reacted to as strongly.

Our Present Mechanisms Have
Generally Worked Well, both in pro-
viding useful new chemicals and in
safeguarding the public health from
involuntary exposures to threaten-
ing chemicals, new and old. The
Federa l G o v e r n m e n t ' s basic
responsibility, more stringent for
involuntary exposures than for
voluntary ones, has been effectively
implemented through general legisla-
tion and detailed administrative ac-
tions. The steady growth of knowl-
edge has demanded detailed up-to-
date decisions that apply general
legislation on a case-by-case basis.

Improvements in These Mecha-
nisms Are Still Needed. We should
expand the coverage of regulation in
certain areas and should accelerate
the functioning of our regulatory

institutions. But above all we must
increase our knowledge and learn
how to m a k e more b a l a n c e d
judgments.

To Improve Our Human Health
Substantially by changing our expo-
sure to chemicals, we must turn to;

a. Reducing our consump-
tion—or otherwise reducing the ad-
verse effects—of such voluntary
chemicals as alcohol in beverages
and substances from cigarette
smoke.

b. Learning more about the bio-
logical basis of disease, in particular:

• Learning more about the im-
pact of dietary composition on health
and altering our choices of what we
eat.

• Ident i fying and learning to
deal with, threats from still unidenti-
fied chemicals.

• Continuing to develop new
medicines, especially for diseases
and conditions not now adequately
treatable.

While there are many actions that
we recommend, the major points can
be summarized under three heads:

a. Improve the Gathering and
Availability of New Knowledge by
i n c r e a s i n g s u p p o r t a n d b y
strengthening procedures and
mechanisms so as to:

(1) Gain fur ther under-
standing of the biochemical mecha-
nisms by which chemicals—in foods,
med ic ines , and our e n v i r o n -
ment—affect man.

(2) Improve and expand
studies, both in the laboratory and in
the world at large, of the impact of
chemicals to which humans are
currently exposed.

(3) Improve our gathering of
safety and efficacy information
about new chemicals.

(4) Make publicly available, in
a routine and appropriately timely
way, the data of safety studies for all
chemicals submitted for approval,
and the data of efficacy studies for all
those approved.



b. Improve Public Information
and Understanding:

(1) Inform the public about the
inevitable incompleteness of the
knowledge we have gained up to any
given date.

(2) Make public the bases of
regulatory actions, including both
the extent and character of the scien-
tific knowledge involved,

(3) Make clear to the public the
content and importance of the themes
stressed above.

c. Improve the Balance of the
Decision-making Process:

(1) Use advisory Committees
including both expert and public
members, in connection with impor-
tant decisions.

(2) Make public the pros and
cons supporting regulatory deci-
sions of public interest, including
both affirmative actions and deci-
sions to delay or refuse to act. These
"white papers" should recognize the
diversity of interests that each one of
us has in such decisions, and should
make clear what is not known, as
well as what is.

(3) In preparation for each of
these "white papers," emphasize the
gathering of diverse views and
considerations, so as to broaden the
range of the pros and cons presented.

(4) Introduce institutional
modifications to eliminate undue
regulatory delay.

(5) Revise legislation and
administrative procedures to make
regulation more responsive to in-
creasing knowledge and increasing
measurement capability.





CHAPTER 2

PRINCIPLES AND GENERAL RECOMMENDATIONS

Our recommendations need to be
based on as clear a view as possible
of the overall problem improving hu-
man health by reducing threats—and
increasing benefits—from chemi-
cals.

To assist in this, we begin with
statements of principle. Once these
are understood, recommendations
concerning individual objectives and
detailed actions often follow either
automatically or with relative ease.

The order of appearance of
recommendations thus does not
always reflect the Panel's view of
their importance. (A listing of those
we stress is given in 2E, page 12.)

2A. KEY PRINCIPLES

The single most important prin-
ciple of this report is simple to state,
but not easy to implement. Indeed,
though it may sound obvious, we
have found it frequently and conspic-
uously lacking in many adminis-
trative actions. It has led us to a num-
b e r o f o u r m o s t i m p o r t a n t
recommendations.

Principle A

Regulatory procedures should
ensure balanced consideration and
balanced decision in regulatory ac-
tions. This implies consideration of
both direct and indirect conse-
quences that will flow from each of
the possible actions. (Leading to
General Recommendations 1 to 4,
19 and 22, and to Recommenda-
tions Al to A3.)

The protection of human health,
with suitable limited attention to the
non-health consequences of possible
regulatory actions, is the responsi-
bility of the regulatory agencies dis-
cussed in this report.

Many recent regulatory policy
decisions have considered only a nar-
row spectrum of issues.' However,
experience continues to show the
great complexity and diversity of the
questions that are involved. Even the
balancing of health against health, of
life against life, becomes difficult
once the indirect consequences to
health of a ban or restriction have to
be included. As other aspects of pub-
lic welfare are introduced, diffi-
culties increase rapidly. The public
interest can only be properly served
when the full range of implications of
a possible action are considered care-
fully and systematically. Moreover it
requires that the interests of a
variety of parties have been heard,
included in the final consideration,
and reflected in the ultimate deci-
sion.

Giving proper attention to un-
certain threats is a very difficult mat-
ter. In general, our history shows
contrasting extremes; either a tend-
ency to overreact to uncertain
threats or one to do nothing, particu-
larly when the threat, if actual,
would be small.

Principle B

Where knowledge is so inade-
quate as to make the reality of a
possible threat quite tenuous, the
proper response is to seek more
knowledge, not either to take dras-
tic action or to do nothing. (Lead-
ing to General Recommendations 7
and 13 to 17.)
Many threats to health from chemi-

cals are quite uncertain, either as to
which chemicals are involved or as to
the existence or size of the threat. The
correct response to uncertain threats
is the gaining of new knowledge.

2B. FEDERAL
RESPONSIBILITIES

We need to be clear about the
responsibilities of the Federal
Government.

Principle C

The Federal Government has a
particularly strong responsibility
to protect all our people from
involuntary exposure to threats to
their health, including those from
chemicals. Both strong and effec-
tive regulatory programs and
strong programs directed toward
recognizing new threats are essen-
tial elements in meeting this
responsibility. (Leading to nearly
every General Recommendation.)
It is not enough to be diligent and

effective in protecting health from
known and controllable threats. Nor
is it enough to speed up the learning
about unrecognized or unidentified
threats. A satisfactory Federal pro-
gram must put great emphasis on

-both.

Principle D

The Federal Government has a
responsibility to take vigorous ac-
tions to deal with those threats to
health which arise f rom the
threa tened individual ' s own
choice, and to do this without
restricting the essential freedom of
choice of the individual. Where
alternative choices are not avail-
able, it should work toward mak-
ing them available. Where such
dangerous choice is determined by
social pressures, these pressures
should be weakened. (Leading to
General Recommendations 10, 12,
and 13, among others.)

We r ecogn ize the r ight of
individuals to be free of the conse-
quences of dishonesty or careless-
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ness among producers or sellers, and
the responsibility of the Govern-
ment to protect individuals from
such actions by others. Actions that
make cigarette smoking a desirable
aspect of social life, are actions from
which the innocent participant de-
serves protection as he would from
actions that unduly limit his choice of
dietary constituents by restricting or
failing to broaden patterns of food
availability. In dealing with volun-
tary exposures to threats to health,
we also need to notice that it is appro-
priate to seek to replace large risks to
smaller ones, however regrettable
the smaller one may be.

Principle E

The Federal Government has a
strong responsibility to ensure the
rapid growth of new knowledge, so
that we may recognize and eval-
uate new threats, develop new
techniques and methods, and guide
r e g u l a t o r y ac t i ons wise ly .
(Leading to General Recom-
mendations 7, 10, and 13 to 18.)

This includes responsibility for the
support of diverse areas of research
and monitoring.

Principle F

The Federal Government has a
major responsibility to promote
the health of our people by actively
encouraging both innovation and
speediness in the availability of
important new medicines and
other health-promoting chemi-
cals. It also has a responsibility to
encourage diversity among the
chemicals in use so that response to
new knowledge can be easier and
more effective. (Leading to General
Recommendations 5, 8 and 9.)
As noted above, one of the major

ways in which the Federal Govern-
ment can contribute positively is by
the support of gaining new knowl-
edge, including the development of
knowledge fundamental to new
medicines. It is also clear that the
regulatory system for medicines
must operate neither too hastily nor
too slowly.

There is a related responsibility to
foster the existence of alternative
chemicals for many uses, so that if
new knowledge makes regulation or
banning of one desirable, an ade-
quate substitute is immediately
available.

2 C . P R I N C I P L E S
IMPLEMENTATION

O F

All of us, but especially the Federal
Government, must try to relate the
strength of our response to the
seriousness of the threat.

Principle G

National policy needs to give the
most attention to the largest
threats to health, even if these
threa ts have been f r equen t ly
recognized. (Leading to General
Recommendations 10 to 14.)
If one threat is one hundred thou-

sand greater than another, as illus-
trated for specific parts of threats
from chemicals in Chapter 5, it
should receive vastly more atten-
tion. (Giving each threat attention
proportional to its size would, how-
ever, give too little attention to the
small threats.)

In dealing with both established
and uncertain threats to health from
chemicals, it is not enough to deal
only with the largest threats. We
have already made this point in
discussion, but it deserves state-
ment as a principle.

Principle H

Medium-sized threats and many
small ones deserve serious atten-
tion, especially when the risk is
well established or can be reduced
with little penalty.

The knowledge that must guide
regulatory decisions changes from
year to year or even from month to
month. Indeed, if we are to continue
to move toward better health, it must
become steadily larger in scope,

greater in detail, and more precise
and accurate in content. Our mecha-
nisms of regulation and warning
need to be prepared for such changes,
and the flow of information to all con-
cerned needs to become more ade-
quate.

Principle I

The growing and changing
nature of scientific knowledge
demands flexibility in regulatory
procedures—not rigidity. Laws,
regulatory structures, and styles of
administrative action all need to be
adapted to a continuing growth
and change in knowledge. (Lead-
ing to General Recommendation 19
and also General Recommen-
dation 1.)

The implications of this principle
are rather more diverse than might at
first be expected, Overrigid laws and
regulations often cannot accom-
modate changes in scientific insight
and understanding.

Principle }

Wise administrative and legis-
lative judgments about chemi-
cals and health require stimulus
and support from a public that is
increasingly informed. Informa-
tion provided to the public must
encompass both possible new
threats to health and those
considerations on which current
actions and proposals are based.
(Leading to General Recommen-
dations 20 to 22 and also General
Recommendations 1 to 4.)
It is vitally important that all

interested segments of the public be
fully informed and understand the
knowledge and judgments which
underlie regulatory actions.

2D. GENERAL
RECOMMENDATIONS

Some of the more important
recommendations that flow from
these principles are:



General Recommendation 1

The Chief Administrator of each
health-related regulatory agency
should have an Advisory Board of
Review, consisting of members
from outside the Government, that
sits in connection with each irnpor-
t a n t r e g u l a t o r y d e c i s i o n .
(Implementation: FDA, EPA and
probably Agriculture.) (Respon-
sive to Principle A and also to I and

M
The members of the Advisory

Boards could be divided into two
classes, each appointed for over-
lapping terms of seven years:

• one class appointed by the
Administrator from a list provided
by the National Academy of
Sciences—Institute of Medicine.

• one class appointed by the Presi-
dent with regard to the broad inter-
ests of the public.

The Chairman of each Board
should hold office for a minimum
term of three years.

Each Board should be promptly
responsive to the requests of the
Administrator as its workload per-
mits, and should have the right also
to undertake studies and reports on
its own motion. Where a report is pre-
pared at the Administrator's re-
quest, the Board should expect that
the report would normally be made
public when the Administrator's
action (positive, negative, or sus-
pense) is announced. On those rare
occasions where the Board feels it
necessary, it should be privileged to
address communications directly to
the President.

Internal reviews can be very help-
ful; indeed internal review papers are
the natural way to bring problems to
the attention of an Advisory Board.
In the real world, however, they can
never gain the credibility of a report
from an Advisory Board of members
drawn from outside the Government
and serving terms long enough both
to develop skills and understanding
and to avoid even the shadow of
political influence. Moreover, such
Boards could elicit public response

through, for example, public
hearings.

Such Advisory Boards would not
only di much to aid balanced deci-
sions but would also increase gen-
eral understanding and public
acceptance of these decisions,

n a n
Improved balance in the making of

decisions also require better public
understanding of whether or not a
decision is balanced.

General Recommendation 2
Government regulatory agencies

should make publicly available a
"white paper" at the time of each
decision. In that paper, the several
kinds of considerations, the scien-
tific data, and the rationale should
all be clearly laid out and de-
scribed in a way understandable to
the public. (Implementation: EPA,
FDA.) (Responsive to Principles A
and J.)

For individual routine decisions,
such white papers may be quite
short. But white papers for policy
decisions with broad implica-
tions—such as banning a pesticide or
class of pesticides, withdrawing a
food additive, or telling the public to
avoid eating a long-familiar natural
food—should both give considerable
detail and include an easy-to-under-
stand summary. Such a major white
paper should always indicate, as
clearly as knowledge and judgment
permits, certain elements, including:
(i) the size of the direct improvement
to health expected from the action,
(ii) the size and nature of the indirect
effects on health likely to result from
such an action, (iii) the implications
of the action, in aspects of life other
than health, for individuals and for
our society.

These are all things that all of us
deserve to know about—that we
must know about if we are to be able
to recognize and support balanced
decisions.

General Recommendation 3
Such white papers should be

issued, not only when a major ac-

tion is taken, but when it is clear
(as from the holding of hearings not
fol lowed by act ion) that an
Administrator has decided not to
act. (Implementation: EPA, FDA.)
(Responsive to Principles A and }.)

A decision not to act needs to be as
well balanced as one to act. In addi-
tion, once the techniques and mecha-
nisms of preparing major white
papers have been learned, the inter-
ests of public knowledge can be well
served by the issuance of occasional
major white papers of an interim
character, setting out a state of
knowledge that is not adequate to
reach a decision in either direction.

General Recommendation 4

It should become the practice to
issue occasional interim white
papers outlining what is and is not
known about issues of current pub-
lic concern that are not yet decid-
able. (Implementation: EPA, FDA.)
(Responsive to Principles A and}.)

The preparation and issuance of
"white papers" need not—and in the
Panel's view, should not—be con-
fined exclusively to the level of the
regulatory agency and its adminis-
trator. There will be circumstances
where such documents, and the re-
views needed to support them, would
be very much in the public interest if
prepared from a broader view.

For example, in view of persistent
concern about the balance of the
documents underlying the estab-
lishment of air pollution regula-
tions (such as "criteria documents,"
themselves somewhat of the nature
of white papers), it would be de-
sirable, to clarify the issues by
having such a "higher level white
paper" prepared in this field by a
group on which EPA is represented
but not dominant.

a a a a a

General Recommendation 5

Each regulatory agency con-
cerned with agents that can affect
health as well as threaten it should
recognize its twin responsibilities:



to make available without undue
delay agents that improve health,
and to protect health by restrict-
ing the availability of agents that
may threaten health. (Implemen-
tation: EPA, FDA.) (Responsive to
Principle F, and leading to
Recommendations Bl to B7.)
This recommendation applies most

strongly to the regulation of medi-
cines. Some applications are also
likely to pesticides used for disease
control and food additives used to
prevent spoilage.

We need to continue and extend our
regulatory programs and our pro-
grams directed toward recognizing
new threats, many of which will be
outside the regulatory agencies.

General Conclusion 6

The Federal Government should
continue a strong and effective pro-
gram of regulation emphasizing
both (aj policing of existing regula-
tions and fbj assessing and re-
sponding to newly-established
threats.

It is important to keep clearly sepa-
rate two main functions of regula-
t i o n . S t r i k i n g d o w n v i o l a -
tions—whether caused by careless-
ness, corner-cutting, or fraud—calls
for careful surveillance and imme-
diate, even drastic action. Re-
sponding to newly established
threats—ranging from the serious to
the trivial—calls for careful judg-
ment, full and informative public
information, and balanced actions.
Both kinds of action are essential to
public health, but they should not be
treated alike.

General Conclusion 7

The Federal Government should
improve and expand it programs
directed toward detecting and
gaining knowledge about poten-
tial threats. (Leading to and imple-
mented through Recommenda-
tions C4 to C7.)

The next few decades can, and
should, bring us much new knowl-
edge about chemical threats to
health. Some as yet unidentified
threats are almost sure to be
moderately important. Better under-
standing of both new threats and
some of the threats we now recog-
nize will almost certainly allow us to
choose better alternatives to combat
these threats. We need this knowl-
edge as soon as we can reasonably
obtain it.

To meet its responsibility for en-
couraging the availability of chemi-
cals to promote health, the Federal
Government needs to be active in two
distinct ways. First, it must prepare
to implement knowledge of new
threats with the least disturbance of
desired effects.

General Recommendation 8

Federal policy should support di-
versity of chemicals for every
important use. (Implementation:
FDA, EPA.) (Responsive to Prin-
c i p l e F a n d l e a d i n g t o
Recommendations Dl to D3 and
D9.)

The availability of several alterna-
tive chemicals that can perform the
same, or closely similar, tasks makes
it possible not only to tailor our
choice of chemicals more closely to fit
particular needs but also to abandon
the use of one chemical that has been
found too hazardous, without aban-
doning the objectives it served.

Second, it must watch over the
mechanisms from which major new
contributions to health not only have
come but must continue to come.

General Recommendation 9

The effectiveness of the rele-
vant indus t r ies in providing
important new medicines and
other health-supporting chemi-
cals must be a continuing concern
of the Federal Government. (Re-
sponsive to Principle F. Leading to,

and implemented in, Recommenda-
tions F4, E4, and F9.)

The largest threats to health
through chemicals are ones in which
an individual's own actions play a
major role. They ought to be familiar
to all, but they still deserve restate-
ment here.

General Recommendation 10

More effective measures should
be taken to reduce the smoking of
cigarettes. This may require seek-
i n g o u t n e w a p p r o a c h e s .
(Implementation: HEW.) Re-
sponsive to Principles D and G.)

The increasing adoption of the
cigarette smoking habit since 1900,
first by men and later by women, has
produced a heavy burden of illness
and premature death. The serious-
ness of the health effects has been
increasingly evident since 1950, yet
there has been little reduction in the
per capita consumption of cigarettes
in the U.S. (The conjectured reduc-
tion in smoking by young people, if
real, may offer significant hope for
twenty or thirty years hence.) The
magnitude of the health effects asso-
cia ted wi th c igare t te smok-
ing—corresponding, roughly to four
million people who might be alive,
but are not—compels a responsible
government to take vigorous steps to
reduce the habit.

General Recommendation 11

Stronger measures should be
taken to reduce death and injuries
linked to alcohol abuse, particu-
larly those associated with acci-
dents (motor vehicles and other).
(Implementation: Department of
Transportat ion, HEW.) (Re-
sponsive to Principle G.)

Of all threats to health of whose
existence and rough size we are cer-
tain and which fall involuntarily on
people, by far the largest—roughly
several hundred thousand who might
be alive but are not—are those in-



volving accidents and homicides
associated with alcohol abuse. Many
of these come from motor vehicle
accidents, where—as the example of
Sweden shows—really rigorous
enforcement can be most effective in
reducing deaths from drunken
driving.

The health impact of alcohol abuse
is not confined to accidental and
homicidal death. Many forms of ill-
health are involved.

General Recommendation 12

More effective means for the
medical and social treatment of
alcohol abuse should be sought.
(Implementation: HEW.) (Re-
sponsive to Principles D and G.)

We are less sure about the next two
threats to health through chemical
means. They may well be as large as
the two we have just discussed, but
we cannot yet be certain.

General Recommendation 13

Continuing investigations of the
role of dietary composition in coro-
nary heart disease (and other
forms of cardiovascular disease]
should be actively supported.
(Implementation: HEW.) (Re-
sponsive to Principles B, D, E, and
G.)

We are still uncertain of the size,
almost the very existence, of a major
threat to health involving the role of
dietary composition in coronary
heart disease, part icularly the
amounts of cholesterol and of fats
and the balance of fats among
saturated, monounsaturated and
polyunsaturated forms. Investi-
gations recently started will take
about ten years to produce definitive
results. They deserve to be ade-
quately supported; they may well
need to be expanded.

Interim actions have been pro-
posed1 2 in particular modifications
of regulatory definitions of foods,
which would allow individuals
wider dietary choices with regard to

types of fat and content of choles-
terol, The public deserves a Federal
response to these recommendations,
at least in the form of a white paper.

Cancer is properly a matter of great
public concern. Aside from cases
linked to recognized chemicals, in-
cluding cigarette smoking, and
occupational exposures, many other
deaths from cancer occur.

General Recommendation 14

Diversified and creative re-
search into how other environ-
mental (including dietary) expo-
sures relate to the initiation or
acceleration of cancers should be
c o n t i n u e d a n d i n t e n s i f i e d .
(Implementation: NCI.) (Re-
sponsive to Principles B,E, and G.)

Cancer incitements by so far un-
recognized chemicals combine to
form a threat to health, that may well
be of at least the same general size as
the three major threats just dis-
cussed (i.e., cigarette smoking, alco-
hol abuse, and choice of dietary
composition). These chemicals may
be natural or synthetic. Chemicals
that have been part of our diet for
centuries may be important here.
Since these agents are not as yet
identified, we cannot take steps to
avoid their consequences without
first gaining new knowledge.

We not only need more knowledge
about newly recognizable threats
(General Conclusion 7) and about as
yet unrecognized sources of cancer
(General Recommendation 12), we
need more new general knowledge,
both to support regulatory activity
and to accelerate progress toward
these more immediate goals.

General Recommendation 15

P r o g r a m s i n t h e m a j o r
regulatory agencies [FDA and
EPA] for gathering new knowl-
edge, particularly that which will
be almost immediately useful for

regulatory guidance, should be
strengthened and expanded.
(Implementation: FDA, EPA.) (Re-
sponsive to Principles B and E.)

The work included in this general
recommendation includes all that re-
sponsive to General Conclusion 7.
The knowledge it will produce is
important to wise and careful regula-
tion. The conduct of parts of it within
the major regulatory agencies will do
much to maintain scientific strength
within these agencies, which is
important both for the general
improvement of regulatory prac-
tices and decisions and as a key re-
source when sudden special prob-
lems demand attention.

The knowledge such programs will
produce is important to wise and
careful regulation. We can only be
sure that these programs will be fo-
cused on the needs of the regulatory
agencies if they are conducted by or
for the regulatory agencies them-
selves and are supported by their
funds.

Scientific strength within the
major regulatory agencies is impor-
tant both for the general improve-
ment of regulatory practices and
decisions and as a key resource when
sudden special problems demand
attention. The conduct of parts of
these programs within these agencies
will do much to develop and main-
tain this strength.

There is an increasing need for new
knowledge that will be important for
regulation in only a few years time.
The pressures on the regulatory
agencies are such, however, that it
would be unrealistic to suppose that
they would in fact do this work ade-
quately, no matter how well they

'Report of the December 1969 White House
Conference on Food, Nutrition, and Health,
Panel III-4 on Food Quality: Guidelines and
Suggested Administrative Structure,

2Report of Inter-Society Commission for
Heart Disease Resources, Circulation 42:A-55 to
A-95m 1970.
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might be funded. Effective and wise
regulation in the future thus de-
mands that responsibility for inter-
mediate-term research be assigned to
an appropriate non-regulatory
agency as do needs for guiding non-
regulatory approaches to those
threats that will require them. This
means a major role for the National
Institute of Envoironmental Health
Sciences, in the area of environ-
mental chemicals. Such a major role
for NIEHS presumes a continuation
of the environmental health pro-
grams of other agencies, such as, for
example, the National Cancer Insti-
tute. Responsibilities in the fields of
medicines and general human nutri-
tion belong elsewhere.

General Recommendation 16

The Nat ional I n s t i t u t e of
Environmental Health Sciences
should be recognized as having
lead-agency responsibility /or (1)
developing understanding of how
chemical substances in foods and
the environment reach and cause
ill-health in human beings, (2)
developing the knowledge and
techniques required to make
regulation effective beyond the
near future, (3J supporting the pro-
grams that bring new threats to our
attention, and (4) maintaining a
general view of the broad field of
chemical influences on health. The
personnel and funds of NIEHS
should be expanded to enable it to
discharge these broad purposes.
(Implementation: OST.HEW.) (Re-
sponsive to Principles B and E.)

Threats to health from environ-
m e n t a l c h e m i c a l s o f a l l
kinds—whether naturally in or
added to the foods we eat, or reach-
ing us through other components of
our human environment—are too
important, and involve too similar
mechanisms within our bodies, not to
have a focus for Federal responsibi-
lities for gaining new knowledge and
understanding, including the detec-
tion of new threats.

The National Institute of Environ-
mental Health Sciences was set up in

1969 in response to continuing criti-
cism over the quality of research per-
formed in behalf of regulatory deci-
sions. The NIEHS was to fill the gap
between the long-range investiga-
tions characteristic of many NIH
components and of university
laboratories and the very current in-
quiries characteristic regulation. To
the extent that funds have support-
ed it, NIEHS has performed these
tasks extremely well. However, to
fulfill adequately either its original
role or the expanded one here
recommended, it will require sub-
stantially more support.

D D

General Recommendation 17

A similar central responsibility
in the field of medicines should be
assigned to an appropriate ele-
ment of NIH. (Implementation:
HEW.) (Responsive to Principles B
and E.)
We continue, as we should, to look

to industry for the development of
new medicines, and to the medical
profession for their safe and effec-
tive use. Without increases in new
knowledge and understanding, both
about how chemicals work and how
our citizens are responding to the use
of medicines, neither industry nor the
medical profession can do the job we
rely on them to do. Gaining this
knowledge and understanding is not
a regulatory function, nor is it purely
a matter of basic research. The
opportunities for better health are
too important for there to be no focal
point in the Federal Government to
which we can look—both for helping
to seek improvements in general
understanding and for a broad view
of what is being done and what ought
to be done. n D

Clearly the implementation of the
last three general recommendations
will require increased funding. In the
face of expanding needs for new
knowledge in the area as a whole,
these increases will have to be part,
probably the major part, of an expan-
sion of funding for environmental
health science generally.

General Recommendations 15 to 17
urge significant strengthening in the
research activities of the regulatory
agencies, as focused on immediate
problems, and the saddling of other
agencies with dual responsibilities
for somewhat more forward-looking
resea'rch and a general overwatch of
what we need to know and whether
we know it. Some view this combina-
tion with concern, asking how we can
be sure that the learn-and-watch
agencies will provide just the knowl-
edge that the regulatory agencies
now think they will require. The
Panel would, by contrast, be con-
cerned if just this knowledge were
provided.

For this there are at least two main
reasons:

• The regulatory agencies are
keenly aware of immediate needs,
and we have recommended that they
have increased ability to meet these
needs. For the same reasons, their
view of even next-to-immediate
needs is somewhat distorted. Just as
it would be unwise for them—and
unrealistic to expect them—to con-
duct research directed toward less-
than-immediate problems, so would
it be unwise and unrealistic for them
to have too strong a hand in its direc-
tion.

• The threats about which we will
most need new knowledge will by no
means all be matters of involuntary
exposures. Both familiar and as yet
unrecognized threats from voluntary
exposures will continue to be of high
importance. Meeting these threats
will of ten not be a matter of
regulation, so that they will not be of
as great concern to regulatory
agencies as their importance
demands.

We look forward to cooperation be-
tween regulatory and learn-and-
watch agencies. The Panel urges the
strengthening of this cooperation by
all reasonable means. But the best
results will come if the points of view
of regulatory and of learn-and-watch
agencies are sufficiently distinct,
though all directed toward a common
goal.
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General Recommendation 18

Programs for new knowledge,
like those covered by General
Recommendations 13 to 17, should
be mixed programs, combining use
of government laboratories with
use of university—and in some in-
stances, industrial—projects, se-
lected with the guidance of scien-
tific advisory committees. (Re-
sponsive to Principle E.)

Experience shows that a suitable
combination of government-con-
ducted and government-supported
activity lead both to efficiency and
high quality of work.

a a a a a

Laws which mandate action
because of any detectable amount of
a chemical causing a threat of a cer-
tain kind can become dangerous once
we are concerned with small enough
threats. For, as noted above, the in-
direct benefits of an agent can
perfectly well outweigh its direct
evils. When this happens, an over-
rigid legislative requirement can
actually threaten the health of our
people. The kind of legislation rflost
likely to give rise to such dangers
seems to be that illustrated by the
"Delaney Clause" forbidding the
addition of any detectable amount of
any substance that has been
shown—when fed in no matter how
large amount—to cause cancer in
men or animals. With the ever-in-
creasing skill of scientists in de-
tecting very, very small amounts of a
substance, this requirement may
well lead to such dangers before
many years are past.

General Recommendation 19

A carefu l s tudy should be
promptly begun to investigate the
e x t e n t t o w h i c h i n t e r p r e -
t a t i o n — b y c o u r t s a n d / o r
administrators —of such legal

requirements as the Delaney
Clause can be effective in pre-
venting adverse public health
effects which might result from
over-literal interpretations of their
terms.

Meanwhile, the extension of
such inflexible regulatory prin-
ciples to areas other than cancer
should be careful ly avoided.
(Implementation: OST, HEW,
Agriculture.) (Responsive to Prin-
ciples I and A.)
A "no-detectable amount" clause is

a refuge in the face of ignorance. Were
mature scientific knowledge pres-
ently available regarding dose-
response relationships and extrap-
olation to man, the problem of
carcinogenicity could be dealt with a
scientifically rational manner. We
have good reason to believe—though
it is not yet proved—that some, per-
haps most, chemical carcinogens will
have definable thresholds. Mean-
while, the rigid stipulations of the
Delaney Clause, springing from pres-
ently inadequate biological knowl-
edge, place the administrator in a
very difficult interpretative posi-
tion. He is not allowed, for example,
to weigh any known benefits to
human health, no matter how large,
against the possible risks of cancer
production, no matter how small.
(And once he acts, almost all motiva-
tion to study either benefits or risks
further is gone, thus keeping us from
ever learning more about what
should have been done.)

The p rob lem is t h r e e - f o l d :
scientific, legal, and social. Strong
encouragement should be given,
particularly at the National Center
for Toxicological Research (NCTR),
to the solution of the key scientific
issues about trace exposures, such as
whether or not there exist demon-
strable thresholds for carcinogens. In
the interim, a restudy should be
undertaken of the opportunities for
interpretation within the present
wording of the law. But even the most
optimistic view of possible progress
on the scientific and legal issues
though, perhaps developing a clear
consensus among scientists, will

leave untouched a third basic prob-
lem: an unexplainable emphasis on
certain kinds of risks. So long as our
society seeks an unachievable, and
therefore illusory, goal of "absolute"
safety from added substances, while
ignoring the accompanying benefits
(and also ignoring other larger risks,
some of the same kind), the prob-
lems raised by the Delaney Clause
will remain unresolved, and we will
be unable to decide to what extent it
should be modified.

Public information about chemi-
cal threats to health needs to be im-
proved in various ways.

General Recommendation 20

Estimates of the impacts on
human health of exposures to
various chemicals should be sharp-
ened and strengthened. The re-
sults, expressed in broadly under-
standable terms, should be made
part of a regular report to our citi-
zens. (Responsive to Principle J.
Leading to and implemented in
Recommendation C9.]

What is needed here is indicated,
for the special case of death, by the
estimates presented in Chapter 4
below, which combine observed
facts, epidemiological studies, and
professional judgment. Such esti-
mates need to be expanded, both as to
the chemicals covered and as to other
important aspects of ill-health.

General Recommendation 21

Both the scientific community
and the press should take effective
means to provide the public with
more understandable and better
balanced informat ion about
suggested new threats to health.
(Responsive to Principle J. Leading
to and implemented through
Recommendations Gl to G4)

If the public is exposed to too many
vivid accounts of nonexistent or very
minor threats to health, its attention
will be misdirected, its priorities will
be confused, its responsiveness to
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important messages will be de-
creased. If the public is exposed to
too few—or too weak—accounts of
threats of intermediate or large size,
especially those where individuals
can choose to reduce their own risk,
we will lose important opportuni-
ties for better health. Balanced pub-
l ic i n f o r m a t i o n is c r u c i a l in
improving health.

General Conclusion 22

Greater public appreciation of
well-balanced regulatory deci-
sions, both recognition that they
have properly considered the pub-
lic good, and that they have done
this in a balanced way, is impor-
tant, and should be sought in all
reasonable ways. (Responsive to
Principles J and A.)
Balanced decisions are important,

whether or not their balance is
visible. To gain credence, decisions
need not only to be balanced but to
have this balance displayed. This
means access both to the rationale for
the decision and the data that sup-
port it.

General Recommendation 23

A careful study should be made
of the needs for additional man-
power that are implied by our in-
creasing concern about chemicals
and health. The scale and nature of
the actions concerning research
grants, training grants and fellow-

ships required to meet these needs
should be clearly stated and then
a p p r o p r i a t e l y i m p l e m e n t e d .
(Implementation: OST, HEW.)

While we have not made the de-
tailed study recommended, the Panel
could not avoid recognition of serious
specific shortages. There is no doubt
of the importance of the need. Its
character and dimensions should be
made clear to all.

2E. RECOMMENDATIONS
DESERVING

SPECIAL ATTENTION

We need to give special attention to
certain recommendations because of
a combination of importance, time-
liness, and marked change from past
patterns. Among these, we stress
most particularly the following five:

• General Recommendation 1, con-
cerning advisory boards of review
for the administrators of FDA and
EPA (page 7).

• General Recommendations 2-4,
concerning white papers in connec-
tion with regulatory decisions and
nondecisions (page 7).

• General Recommendation 5, con-
cerning the twin responsibilities of
regulatory agencies (for benefit by
availability and safety by restric-
tion) (pages 7-8), and, in particular
Recommendation B3, concerning
joint planning of safety and efficacy
testing for new medicines (page 14).

• General Recommendations 10
through 14 on well-recognized major
threats to health (pages 8-9).

• General Conclusion 7, leading to
General Recommendations 16 and 17
(page 10), and their implementation
through recommendations C7 (page
17), CIO (page 17), D2 (page 18), and
D3 (page 18), concerning the need for
focal responsibili ty concerning
environmental chemicals on the one
hand and medicines on the other.

We also feel that major stress
should be given to the following six:

• General Recommendation 19,
concerning the dangers of legal
provisions which do not adequately
allow for the growth of new knowl-
edge and new techniques.

• General Recommendation 20
(page 11) and its implementation in
recommendation C9 (page 17), con-
cerning a continuing perspective for
our citizens of the impacts of various
chemical threats to health.

• Recommendation A3, con-
cerning temporary establishment of
adverse reaction surveillance sys-
tems (page!3).

• Recommendations E7 and E8,
concerning expanded e f fo r t on
environmental epidemiology (pages
20-21).

• Recommendat ion Hi, con-
cerning the public availability of
safety data (and most efficacy data)
(page 24).
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CHAPTER 3

DETAILED RECOMMENDATIONS

A. BETTER BALANCE IN
REGULATORY ACTIONS

The first of the General Recom-
mendations above was for an Advi-
sory Board of Review to assist the
Chief Administrator of each of the
health-related regulatory agencies.
Other steps to help achieve balance
are also needed.

The use fu lness and trust-
worthiness of scientific results arises
from a variety of sources. Without
the intervention of organized pro-
cedures or review or discussion,
neither observed "facts" nor interpre-
tations can have their full value.
Since many regulatory decisions will
inevitably reflect data from recently
performed experiments, and since
public pressures inevitably in-
fluence regulatory decisions, the
public interest demands that such
data be brought to the public and to
the decision makers with their full
value. Consequently, the press, the
government, and the individual
scientists involved ought to combine
to give full value to new data—and to
its interpretation—by ensuring its
review or discussion before it is
taken to the public or made the basis
of regulatory action.

Recommendations concerning
governmental actions to help meet
this situation follow at once; those
concerning actions by scientists and
their organizations and by the press
follow in G (page 23).

Recommendation Al

Regulatory agencies should take
steps to ensure that new scientific
data raising the possibility of new
or extended hazards from chemi-
cals in use are subject to a careful

process of scientific review for
merit and interpretation before
using them as the basis of regula-
tion. (Implementation: FDA and
EPA.)

Care is needed when new data
suggest changes in regulatory posi-
tion. A hasty decision based on unre-
viewed new data acquired from any
source, external or internal only re-
ceived a few days earlier is not evi-
dence of good judgment and is not in
the public interest. This applies
regardless of the pressures the
agency may feel because of the source
of the data or any premature public
exposure it may have received. New
"evidence" is not always sound, and
evaluating it correctly may take a
variety of specialized skills. This
does not imply any slowing down of
action with respect to the sudden
appearance of information about bad
lots of food or other specific threats.

Recommendation A2

More restrictive regulation of
chemicals already in use on the
basis of new data almost always
involves a need for a broq.d evalua-
tion of the situation. Orderly
procedures of review should pre-
cede administrative action, and
public release of the results of the
review should accompany it.
(Implementation: FDA and EPA.)

Before such a regulatory action is
taken, there should be a careful re-
view of the pros and cons of the pos-
sible action, both from the narrower
scientific aspects and the broader
societal ones. The results of this
review should be committed to writ-
ing, both for the information of the
decision maker and for the public re-
lease to accompany his decision.

Finally, the ability of an Adminis-
trator to make a balanced decision in
difficult cases may depend on his
ability to take an intermediate,
though drastic, action when that sort
of action is appropriate.

Recommendation A3

Regulatory laws dealing with
chemicals should be amended to
explicitly accommodate tempo-
rary limitations on manufacture,
sale or use, pending the collection
of more definitive information,
when there is information which
seriously implicates the chemical
as a health hazard. (Implementa-
tion: FDA, EPA, and the Congress.)

It has to be noticed that this
recommendation calls for stronger
powers than those now typically held
by regulatory administrators. For a
power of temporary limitation, by its
nature, should not be subject to
interruption by the mere existence of
an appeal. Instead, lacking a success-
ful completed appeal, it should re-
main in force. Thus, temporary
limitation is a powerful and drastic
measure, one that should involve
built-in safeguards and only occa-
sional use. We are convinced, how-
ever, that it is necessary for the
public safety that such a weapon
should be available.

B. REGULATION'S SECOND
MAJOR

RESPONSIBILITY

Regulation has, in addition to its
responsibility for safety, a second
major responsibility: to see to it that
useful new chemicals reach the pub-
lic as fast as is consistent with safety.
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Delay in approval of new medi-
cines may lead to otherwise avoid-
able suffering or death. While this is
not a reason for throwing wide the
door, it is a reason for speeding up
approval procedures—wherever this
can be done with safety or properly
controlled risk. We again must bal-
ance one risk to health against
another, always doing this better
than we have in the past. To do this,
we must recognize the real problems
and find ways to avoid them or re-
duce their intensity. Similar
considerations apply to a variety of
regulated chemicals.

Having said that the introduction
of useful new medicines should be
delayed no longer than is justified by
a balanced concern for safety, and
that action can be somewhat speed-
ed up, we add that the Panel has
found no convincing evidence to sup-
port the claim occasionally heard
that the FDA has in fact withheld
from final approval important medi-
cines that ought to have reached the
public.

Recommendation Bl

Criteria and methods for the
evaluation of safety of medicines
and other regulated chemicals
should not be "frozen" into stand-
ard patterns (standard protocols).
They require constant re-evalua-
tion and updating. Their applica-
tion in each instance requires pro-
fessional judgment both to avoid
insufficient investigation and to
avoid misapplication of effort and
delays. (Implementation: FDA and
EPA.)

Many of the reasons for this broad
recommendation, applicable to all
chemicals, will be discussed below,
in the specific context of potential
new medicines.

A variety of specific ways can be
spelled out to meet the basic
responsibilities of safety and still
bring new medicines more rapidly to
patients who badly need them.

Recommendation B2

The decision on how much
animal testing should precede
human clinical trials of new medi-
cines demands expert judgment
rather than a standard pattern of
requirements (standard categori-
cal protocol). The decision must al-
ways reflect an understanding of
the probable biological effects,
both adverse and favorable, of the
specific medicine. (Implementa-
tion: FDA.)

The idea that standard tests should
be laid down for medicines of a cer-
tain general character (indeed, for
any class of regulated chemical) has
its superficial attractiveness, both to
manufacturers and to regulators. The
manufacturers, faced by steadily
more intensive testing require-
ments, look hopefully to advance
knowledge of just what tests they
must perform. The regulators look
forward to a less arduous task of
decision, one in which the hard ques-
tions, "Have all the right tests been
carried out?" may perhaps be by-
passed. Regrettably, this Panel sees
no reality in either dream. The in-
evitable consequences of standard
testing procedures are three:
unnecessary kinds of testing, more
frequent omission of unusual but key
tests appropriate only in very parti-
cular instances, failure to modify test
programs to take account of newly
gained information (either in the test-
ing programs or elsewhere). No one
of these consequences is acceptable.

Recommendation B3

Joint planning of the testing and
data-gathering needed to support
applications for medicines in-
volving distinctively new chemi-
cal entities should be an option
available to applicants and regula-
tors alike. To do so would facil-
itate planning of safety and effi-
cacy tests, ensure continuity of
understanding, and avoid unneces-
sary delays. Such joint planning

should include representatives
from medicine or biology outside
both the government and the spon-
soring or petitioning organization.
(Implementation: FDA.)

The three-party arrangements pro-
posed would be advisory only, not
decision making. This recommenda-
tion does not propose to relieve the
relevant government employees of
their statutory responsibility to
make decisions. However, effective
functioning of such a three-party
arrangement will really be shown
when, after a New Drug Application
(NDA) is filed, the responsible
government examiner finds no need
for f u r t h e r safety or efficacy
information.

This recommendation proposes a
three-party option only for "distinc-
tively new chemical entities" at this
time. It is hoped that favorable expe-
rience with the option will lead to its
being extended to a large fraction of
all NDAs. (Some NDAs, for example
many of those involving a familiar
agent in a new form, will not require
much, if anything, beyond routine
testing.)

The development and use of such a
scheme would be of great value to all
parties. The Government would gain,
since its representative would be
able to follow and consider the
development of the potential new
medicine over a period of years,
under circumstances where he has
automatically available the judg-
ments and questions of a specially
skilled, neutral expert, and where he
can more effectively influence the
course of the testing program. To the
manufacturer, such an arrangement
offers the best the Panel has been
able to propose for a decrease in
unnecessary delays. To the public,
such an arrangement offers a better
balanced testing program, tailored to
a considerable degree to the known
and suspected characteristics of the
potential new medicine. (We must re-
member the public's two-fold inter-
est. Both safety and rapid availa-
bility of efficacious medicines are
important to all of us.)
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Recommendation B4

Full but critical use should be
made of safety and efficacy data
from other countries, both when
such data tend to support as well as
when they tend to negate a conclu-
sion of either safety-in-use or effi-
cacy, {Implementation: FDA, and
probably EPA.)
There may have been a time when

it was hard to judge the quality of
safety and efficacy studies made out-
side the United States. But today
studies can be evaluated with ade-
quate care and rigor in an increasing
number of countries. Especially with
the increase in required testing, and
the limited number of skilled
investigators available, either here or
overseas, the time has come to make
as good use as possible of all good
work, wherever done. (Full use
s h o u l d n o t — a n d d o e s n o t
here—mean use without adequate
evaluation.)

a a a

Openness about the extent of de-
lay can help to reduce delay.

Recommendation B5

Both the FDA and the EPA
should publish quarterly a concise
tabulation of the numbers of each
kind of application or petition cur-
rent, with suitable indications as to
number of revisions and duration
in process (both from earliest sub-
mission and since last revision or
resubmission).
There are two important motiva-

tions for this recommendation. There
would seem to be no better spur for
the removal of unnecesary regula-
tory delays, and there would seem to
be no better way for an up-to-date
regulatory agency to demonstrate
that it is up-to-date than to publish
such figures.

The FDA has had a policy calling
for balancing risks of over-hurried
introduction against those of over-

delayed introduction. We urge a more
vigorous implementation and ex-
pansion in scope of the policy of bal-
ancing the risks to health.

Recommendation B6

The FDA should continue and
expand its policy of allowing life-
saving medicines, as well as others
of prime importance, to come into
appropriately restricted use (as re-
flected by restricted labeling)
before all safety testing is com-
pleted. As a specific example,
medicines for life-threatening and
crippling conditions can well be
made available to elderly patients
after safety studies in animals are
completed covering all but long-
term risks.
We can also accelerate the bring-

ing into use of certain important new
medicines by special policies.

Recommendation B7

Active steps should be taken to
encourage orderly staged introduc-
tion into use of specific important
new medicines, as by their use only
in selected hospitals, or only by
board-qualified specialists, or only
in appropr ia te hea l th ma in -
tenance organizations. This is
particularly appropriate where
both benefits and risks appear
high, and not yet fully determined.
(Implementation: FDA.)
The doctrine that all new medi-

cines should either be on an investi-
gative basis, or be freely available to
all physicians, is no longer in the
public interest. The use of any of a
variety of schemes for limited
introduction can bring certain badly-
needed medicines to patients earlier
without taking undue risks. (This
would require the approval of spe-
cially restricted New Drug Applica-
tions.) Bringing vital medicines ear-
lier to some patients is worth the
complaints which will arise from
other patients, pharmacists, and
physicians not yet able to use them.

C. THE NATIONAL
INSTITUTE OF

ENVIRONMENTAL
HEALTH SCIENCES

We have stressed the varied needs
for new knowledge: to recognize
threats, to gain an understanding of
threats essential to planning appro-
priate studies and experiments, to
develop more effective and more
rapid tests as guides for regulatory
decisions. Basic new knowledge
often comes from programs of basic
research in the life sciences. Acquisi-
tion of immediately urgent new
knowledge is frequently but not al-
ways supported by the appropriate
regulatory agency. What of the vital
Federal programs between these ex-
tremes?

We have called for stronger Fed-
eral support of environmental
epidemiology (Recommendation E7).
Who is to take this responsibility?
We need a rapidly expanding pro-
gram to secure basic understanding
for many chemical threats, for with-
out this we cannot do the work need-
ed. Whose responsibility is this? We
need to begin and expand studies
where our limited knowledge leaves
us unclear as to the source, extent,
and reality of potential threats. Who
is to do this? We need better and
quicker tests, both to improve
regulation and enforcement, and to
encourage manufacturers in innova-
tion and diversity. Where are these to
be developed? We need an overview
of the problems of environmental
health, combining strong leadership
and broad advisory structure. Where
is this to be?

We are convinced that the leading
role in all these essential actions
should be taken by NIEHS (the Na-
tional Institute of Environmental
Health Sciences). To say this does
not decrease the responsibility of the
regulatory agencies to do their share.
It does not call for NIEHS to take over
what other Institutes of the National
Inst i tutes of Health, basic or
mission-oriented, are doing. It does
say, however, that the responsibil-
ities for broad oversight, and for



16

much of the work, should be in a
single agency, adequately staffed
and funded.

We turn first to a growing gap, both
in our knowledge and in how new
knowledge is sought.

Recommendation Cl

There is an urgent need for more
new knowledge in the areas
intermediate between basic biol-
ogy on the one hand and research
closely related to immedia te
regulatory problems on the other.
Unifying leadership for expanded
research in this area should con-
tinue to come from the National
Institute of Environmental Health
Sciences, both through intramural
research and extramural support
by grants or contracts.
As the pressures of day-to-day and

week-to-week regulation increase,
support by the FDA and the EPA for
the gaining of new knowledge has
inevitably focused more and more
closely on new knowledge that will
be directly applicable to regulation in
this year or next. This concentration
has reduced the support of that part
of the search for new knowledge that
will be essential to solving the
regulatory problems of later years, at
a time when such support should in-
stead have been increased.

It is quite impractical to reverse
this trend, and equally impractical to
look to the support mechanisms of
basic biology for the dollars and
leadership this intermediate re-
search requires. This leads us to the
NIEHS as the natural, and unique,
Government agent for this rapidly
increasing responsibility.

Recommendation C2

In particular, the NIEHS should
(1J devote a sizable fraction of its
effort to research aimed at under-
standing the mechanisms by which
environmental agents cause
biological effects [this is necessary
if the actual safety tests are to be
properly interpreted], and (2)

devote a suitable fraction of its
effort to the development of simple
but va l id i n - v i t r o tes ts of
important biological effects shown
by a variety of environmental
agents.
The specific tasks set out in this

recommendation are important to
effective regulatory inquiries and
decisions. They are not so imme-
diately related to the regulatory
questions of today and tomorrow
that the regulatory agencies them-
selves will in view of their own pres-
sures, support them adequately,
NIEHS is the only other agency
whose mission properly embraces
their accomplishment.

Recommendation C3

Many studies of chemical effects
on human health carried out with
Federal funds must continue over
considerable time. Continuity of
such Federal support is absolutely
essential. (Implementation: EPA,
(NIEHS, and NSF.)

Many research activities can be
expanded or contracted with only
moderate inefficiencies. This is not
true of many studies of chemical
effects on human health, where we
can learn what we seek only through
long-term follow-up of exposed
individuals. Special attention must
be given to adequate continuity of
support for such studies.

Recommendation C4

An environmental epidemiology
program should be established in
NIEHS. EPA should develop a
mechanism for ongoing review, by
experts from outside the Govern-
ment, of the individual steps taken
in its environmental epidemiology
programs. The adequacy and bal-
ance of the combined Federal pro-
grams in environmental epide-
miology should be reviewed as a
whole, with the assistance of the
committee proposed in Recom-
mendation E8, every two years.
Effective conduct by a regulatory

agency of a program of measuring
human reponses to the factors it

regulates is difficult even in prin-
ciple. Both the need for forward-look-
ing elements and the dangers of over-
influence by regulatory stances al-
ready taken are serious. We see no
presently viable alternatives, either
to establishing the forward-looking
elements outside of regulatory
agencies, or to providing regulatory
agencies with needed balance
through repeated external contacts.
(We note again the importance of
strong scientific activity in a regula-
tory agency in strengthening its abil-
ity to meet its main mission.) Clearly
NIEHS is the logical place for estab-
lishment of the forward-looking ele-
ments in environmental epide-
miology. As the Federal responsi-
bility for environmental epide-
miology is further dispersed, a
mechanism for reviewing both ade-
quacy and balance becomes more
important.

Recommendation C5

The increasing responsibility of
the Federal Government /or the
development of new techniques for
safety testing should be recog-
nized. This will require, for
example, increased funding in
NIEHS for better techniques of
measurement and interpretation of
metabol i sm and excretion of
chemicals.
To gain the needed insights, and

the new information needed for the
regulatory activities of the future, we
need new techniques. We need them
s o o n e r — a n d i n b r o a d e r
variety—than any mechanism other
than Federal support will provide
them. This recommendation focuses
on two areas ofspecialimportance.lt
is not intended to diminish con-
cern—or funding—for other areas of
related importance. It urges work by
FDA in a field within its historical
scope, and by NIEHS in an area
clearly within its domain of responsi-
bility.

Recommendation C6

Federal support should continue
to emphasize toxicology and
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pharmacology as fields related to
all of biological science, particu-
larly as exemplified by NIEHS and
by the NIGMS Pharmacology-
Toxicology Program.

Once toxicology and pharma-
cology were mainly {perhaps only)
concerned with immediate overt
effects of poisons and medicines.
Today, we make much deeper and
broader inquiries, for example into
slowly developing and remote side
effects and into the ef fec ts of
environmental chemicals and medi-
cines on the "natural history" of
chronic diseases. To get what we
must, it is vital to strengthen and
broaden the base of on-going
research and training in these areas
in more and more effective ways.

Recommendation C7

The NIEHS should be regarded
as the focal point and lead agency
/or research relating to environ-
mental health.

It would be unrealistic to suppose
that NIEHS could or should be made
to conduct all the work related to
Environmental Health Sciences, It
would be wasteful, however, to lose
the opportunities for coordination
that can still be seized.

Recommendation C8

The NIEHS should be instructed
to prepare, drawing on other Fed-
eral agencies and outside advice,
an annual report to the President
and Congress on our current state
of knowledge about environ-
mental agents and health, on our
on-going programs of research and
investigations in this area, and on
current needs for increased
emphasis.
The public, the Congress, and the

Executive Branch all need the sort of
information that such a report would
provide. The thought and effort that
would be required to bring it into
existence would ensure a broader
perspective and more incisive judg-
ment in the conduct of NIEHS activi-
ties and programs. (This report
should, we believe, exclude medi-

cines from the catagory of environ-
mental agents.)

Recommendation C9

The NIEHS should be respon-
sible, with the aid of outside con-
sultants, for preparing the regular
reports recommended above
estimating the impacts on human
health of exposures to various
chemicals.
The preparation of such reports

demands much more than the care-
ful collection and statistical evalua-
tion of data. It demands the use of
their best judgments by profes-
sionals concerned with medicine,
epidemiology, and toxicology-
pharmacology. Thus, it would not be
an appropriate responsibility, for
example, of the National Center for
Health Statistics. The NIEHS has a
large share of the needed skills, and
should be effective in attracting the
others, on a consultative basis.

In sum, we would urge that, if our
national needs are to be met, that the
role of the NIEHS be expanded and
more fully recognized in many ways.
More specifically:

Recommendation CIO

The NIEHS should develop a
sense of immediate mission and
pattern of operation closer to those
now being developed by the Na-
tional Cancer Institute than to
most of the original components of
NIH. Its budget should be
systematically and vigorously
expanded to meet its increasingly
recognized responsibilities.

The NIEHS has a sufficiently
strong core program to make budget-
ary increases of 40 percent to 60 per-
cent within a single year both fea-
sible and cost-effective.

D. OTHER NEEDS FOR
NEW KNOWLEDGE

Studies at the "kilomouse" level,
where many thousands of mice must

be carefully observed in order to de-
tect and assess quite infrequently
occurring effects, are now of great
importance in a number of areas re-
lated to chemical threats to health.
Problems related to the importance
of low doses have accumulated for
some time, in the absence of a facil-
ity appropriate for studies in ani-
mals of very infrequent biological
effects, studies which require large
numbers of animals in each experi-
ment. Notable among these ques-
tions that should be answered is the
rate, and even the existence, of can-
cer production by very low doses of
known carcinogens. The facilities of
the new National Center for
Toxicological Research are es-
pecially suited for such kilomouse
experiments. Moreover, the exist-
ence of such experiments will offer
unusual stimulation for the most
basic consideration of toxicology.
What we should do about sub-
stances that, in larger doses, pro-
duce cancers depends more on how
fast the probability of cancer produc-
tion de'creases as the dose is in-
creased than on any other single un-
certainty.

Recommendation Dl

The FDA has taken direct
management responsibility for the
n e w N a t i o n a l C e n t e r f o r
Toxicological Research. The
functioning of the NCTR should be
re-examined every two years by an
ad hoc group of experts, mainly
from outside the Government but
including some of the most able
Government scientists and admin-
istrators concerned with environ-
mental health, to assess how well
FDA is meeting the challenges
offered by NCTR's facilities,
par t icu lar ly in view of the
importance of the problems that
can only be effectively attacked
with its facilities, and the oppor-
tunity which such a center offers to
stimulate new and deeper in-
sights. (Implementation: OST.)
The former chemical warfare

facilities at Pine Bluff, Arkansas,
offer exceptional possibilities for the
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study of animal response to lower
doses of various chemicals, for which
many animals are required, and for a
variety of related work. It would be
unfortunate if the work at NCTR did
not contribute to some of tomorow's
pressing regulatory decisions. It
would be even more unfortunate if it
did only this, and did not contribute
to our knowledge in deeper and more
generally useful ways. The best ways
to ensure both kinds of contribu-
tions seems to the Panel to be (1) to
provide funding in approximately
the scale and timing already pro-
posed, (2) to emphasize, at NCTR,
studies of comparative metabolic
behavior, which almost inevitably
will be of the greatest importance for
low dose problems, and (3) to develop
management arrangements, in-
cluding university sponsorship, that
will attract leadership capable of bal-
ancing these goals and of evoking
deeply creative insights into the
problems studied.

Just as the problems of a few years
ahead in the action of environmental
chemicals place a heavy responsi-
bility on NIEHS, so too must the
problems of the same intermediate
scale of time in the action of medi-
cines place a heavy responsibility on
other appropriate parts of NIH. The
existence in NIGMS of a substantial
Pharmacology-Toxicology Program
argues strongly for the placement of
this responsibility there.

Recommendation D2

The central responsibility for {1}
understanding how medicinal
chemicals travel through and
affect human beings, (2J develop-
ing the advanced knowledge and
techniques required to make
regulation of medicines more effec-
tive, and (3) supporting the pro-
grams that bring new threats from
medication to our attention should
be assigned to the National Insti-
tute of General Medical Sciences.
The National Institutes of Health
should organize itself and its facili-

ties to support this centra l
responsibility. It should also ex-
pand research and advanced train-
ing in clinical pharmacology, both
a t N I H a n d i n m e d i c a l
schools. (Implementation: HEW.)

The responsibilities considered
here include, but go far beyond, the
Pharmacology-Toxicology Program
of the NIGMS, which supports 12
extremely important centers of train-
ing and research in medical schools.
One action essential in such a
broadening is the development of a
research facility concerned with
these problems.

Recommendation D3

The National Institutes of Health
should study carefully the impor-
tance of establishing a research
facility, either on its grounds or at a
nearby medical institution, both in
meeting the responsibilities set out
in Recommendation D2 and in
strengthening and malting more
effective the 12 Pharmacology-
Toxicology centers now operating
with its support. If the study indi-
cates a strong need for such a facil-
ity, it should then be established.

There is at this time no single na-
tional facility with a clear charter to
provide a focal point for the conver-
sion of recent advances in medical
science into principles applicable to
new medicines, nor to search in an
innovative way for more effective
means to bring new medicines rapid-
ly and safely into use.

Such a center would have one focus
on clinical pharmacology, a field in
which a highly crucial shortage of
trained people extends across our
country. To be effective, it would
have to draw in investigators train-
ed in other specialities and set an
example for the effective use of
mixed teams. A second focus would
involve monitoring the use of medi-
cines, both is to be hoped through
other epidemiological tools yet to be
developed. As we have noted else-
where, this very important activity,
which deserves immediate ex-

pansion, ought not to remain wholly
a regulatory function. A third focus,
responsive to the Federal responsi-
bility for seeing to it that new useful
medicines reach the public in a timely
way, would be a concern with safety
testing in the broadest sense: Seek-
ing ways to streamline present tests,
seeking understanding of which
newly discovered types of reaction to
medicines reveal important threats
to health and which do not, seeking
new kinds of tests to detect potential
dangers to health for which as yet no
satisfactory tests exist.

All these activities would make the
development—mainly by industry,
just as today—of new medicines
easier; the center itself would, of
course, not be expected either to
develop medicines or to test them.

We already have called, in General
Recommendation 15, for strengthen-
ing and expanding efforts by the
major regulatory agencies to gather
immediately applicable new knowl-
edge. Some examples in which we
look toward expanded or initiated
work would include these. For EPA:
(1) Improvement of analytical tech-
niques for measuring pollutants
entering or remaining in air, water,
and soils, (2) Improved strategies for
patterning samples in time and
space. For FDA: (I) Systematic in-
quiry, using the latest and strongest
toxicological procedures, into the
safety of selected chemicals in com-
mon use, including substances
naturally occurring in foods, (2) Im-
proved analytical techniques for
trace food constituents (contami-
nants, additives, natural constit-
uents) of potential health risk, (3)
Dietary surveys of the U.S. popula-
tion whose results are more usefully
applicable (a) because they apply to
subgroups defined by region, ethnic-
ity, religion, age, or sex, and (b) be-
cause they show how many consume
untypically large amounts of certain
foods. (As full advantage as possible
should of course be taken of ongoing
s u r v e y s c o n d u c t e d b y o t h e r
agencies.)
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There are also needs for new
knowledge which is most naturally
and effectively conducted, in other
departments of government such as
the Departments of Agriculture and
Interior.

Recommendation D4

Research and development de-
voted to pest control methods
which reduce the need for pesti-
cides with notable adverse health
effects should be markedly ex-
panded. Special emphasis should
be given to methods such as the
genetic development of host resist-
ance to pests and to large-scale
field trials of integrated chemical,
biological and cultural pest con-
trol methods. (Implementation:
Agriculture.)

As we come to recognize more
sharply the side effects and other
disadvantages of chemical pest con-
trol, we must do more to enhance the
development of a suitable diversity
of biological replacements. Inte-
grated pest control programs will re-
quire coordination of producers over
a reasonably large geographic area.

Recommendation D5

Spec ia l a t t e n t i o n s h o u l d
continue to be given to gaining fur-
ther knowledge of the wanderings
of chemicals through the environ-
ment, brought about in part be-
c a u s e of m a n ' s a c t i v i t i e s .
( Implementat ion: NSF, with
cooperation from Interior, Agricul-
ture and HEW.)
Whenever we ask about human

exposure—particulary when we ask
about the effects on human exposure
of technological change or regula-
tory action—we are again reminded
of how little we really know about
how chemicals move about.

Recommendation D6

The Department of Agriculture
should make careful studies of the

observed economic contributions
of specific pesticides.
The Panel was rather astonished to

find that, while there has been so
much discussion of the economic
importance of pesticides, there seems
to have been quite insufficient
study—allowing for replacement by
other agents and changes in agricul-
tural practice—of the actual eco-
nomic consequences of either reduc-
tion or elimination of use of specific
pesticides.

As various pesticides have been
withdrawn from specific uses, there
have been many opportunities to
investigate, on a sample basis, the
actual economic effect of their with-
drawal and to compare this with ad-
vance estimates. As one step in re-
sponding to the recommendation,
such comparisons between actual
and estimated effects could both im-
prove our procedures of estimation
and give appropriate guidance about
the reliability of so-far uncheckable
estimates.

Recommendation D7

Government-supported research
in the areas discussed in Sections C
and D should combine expanded
programs of university grants and
contracts with in-house pro-
grams. (Oversight: OST, OMB.)
We know of no more effective route

to quality research than the mixed
program of government laboratories
and peer judgment guide extra-
mural grants and contracts. It will be
important to tap the resources of
universities and university centers.

Recommendation D8

A coordinating body, associated
with the Office of Science and
Technology should bear the
responsibility of assuring the
appropriate utilization of the seve-
ral Federal scientific resources in
behalf of both environmental
health in general and crucial
regulatory decisions in particular.
To this end, it should manage an
appropriate contingency fund.

Federal sponsorship of research
aimed at identifying and under-
standing biological hazards of
environmental agents is undertaken
in several Government agencies.
While a distributed effort is desir-
able, it requires extra attention to
assure an optimum distribution of
funds and scientific effort. Further,
contingencies not uncommonly arise
which require additional research
(often short-term) in order to fill in
important gaps in knowledge before
regulatory decisions are made. This
coordinating body should exercise
control over the expenditure of a
modest budget in order to direct this
contingency-related research.

E. PRECAUTIONARY STEPS

We need to take a variety of steps
intended both to bring possible
threats to health from chemicals to
our earlier attention and to provide
us with more useful information to
help us deal with such problems as
they arise.

There is a need for a selective
program of study of the conse-
quences of human exposures.

Recommendation El

The Federal responsibility for a
continuing program of study of
h u m a n reactions to on-going
exposures to chemicals, unregu-
lated or regulated, should be
recognized. (Implementation: EPA,
NIEHSJ

The Federal Government needs to
support work on human reactions to
those chemicals to which we are
routinely exposed, whether un-
regulated or regulated, where there is
evidence of potential health signifi-
cance.

We must learn to recognize and
focus our attention on those
chemicals today most appropriately
objects of concern.
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Recommendation E2

As an effective means of making
feasible monitoring—and where
necessary con t ro l l ing—human
exposure to chemicals beyond the
uses now regulated, there should
be developed "criteria of environ-
mental appearance" that include
both the amount produced and the
assessed degree of biological
activity of a chemical. (Implemen-
tation: EPA, NIEHS, NIOSH.)

Such criteria would class together
under "high environmental appear-
ance" very poisonous or biologically
very active chemicals, even if
produced in small quantities, and all
chemicals produced in large quanti-
ties which are not transformed into
other chemicals before reaching our
human environment. Chemicals of
intermediate biological activity that
are produced in intermediate
amounts would also fall in this class.
It would probably be desirable to
establish lists at two or three levels,
including in total only a small
fraction of all chemicals produced.
Attempts should be made to include
identifiable chemical constituents of
natural products that are of high
environmental appearance. The
development of such criteria will not
be easy.

Recommendation E3

The concept of "criteria of high
env i ronmenta l appearance,"
whose development has just now
been recommended, should be used
to guide a selective program of
acquiring information on human
exposures, which can then be used
to identify chemicals that deserve
special env i ronmenta l hea l th
attention. This information can, in
particular, alert investigators to
important possibilities for both
environmental epidemiology and
laboratory studies. (Implemen-
tation: EPA, NIEHS, NIOSH.)

With adequate focusing, a program
of c o l l e c t i n g da ta on h u m a n
exposures, including numbers and
ages, could do much to guide further
inquiry.

Recommendation E4

The Federal Government should
a r r a n g e fo r , s u p p o r t i n g i f
necessary, both safety and efficacy
testing for a selected, very re-
stricted set of chemicals of high
environmental health attention.
(Overlaps with Recommendation
F3.) ( Implementat ion: EPA,
NIEHS, NIOSH.)
Where the combination of the

general character of the chemical and
the extent of human exposure is such
as to lead to informed unease, there is
an obligation to inquire further
through special safety and efficacy
testing. These tests may either lead
us to relax knowledgeably or to
recognize a health problem—either
state is valuable.

Both problems in, and oppor-
tunities for, observing unexpected
and unfavorable reactions to
medicines differ from those for other
chemicals.

Recommendation E5

Effective systems for reporting
adverse reactions to prescription
medicines should be implemented
on a relatively large scale, begin-
ning with those hospital environ-
ments where we know how to do
this most effectively, and extend-
ing to other hospital environ-
ments as fast as practical. At the
same time we should try out the use
of these systems for the collection
of data on the hazards of other
chemical substances. (Imple-
mentation: FDA and NIGMS (see
D2) with cooperation from EPA
and NIEHS.)

As Chapter 5 notices, deaths from
unfavorable reactions to medication
are frequent enough to constitute an
i m p o r t a n t t h r e a t t o hea l th .
Especially since the proper responses
to new knowledge from adverse
reaction reporting may often not be
regulatory in nature, the respon-
sibility for supporting such systems

should be assigned according to
Recommendation D3.

Pilot work underway under NIEHS
sponsorship has already shown that
the addition of a not overlong list of
questions to a patient's routine
medical history can produce valuable
information. Clearly such questions
should form a part of adverse
reaction systems wherever feasible.

Recommendation E6

Adverse reactions to medicines
and to environmental chemicals
should also be studied in non-hos-
pitalized populations, beginning
with well-planned field trials in
out-patient clinics and prepaid
health care schemes. (Implemen-
tation: FDA and NIEHS, with
c o o p e r a t i o n f r o m E P A a n d
(NIEHS.)

We do not as yet have experience
with the contributions that out-
patient clinics and various kinds of
health maintenance organizations
can make to epidemiological surveil-
lance concerning both chemical expo-
sures and adverse reactions to medi-
cines, but we expect their potential
contributions to be large. It is time to
learn. As soon as we learn this to be
true, ti will be time to establish oper-
ational systems.

As modes of delivery of medical
care shift, reliable studies may need
to combine measurement of adverse
reactions in hospital and non-
hospital environments, in order to
have a well-defined body of patients
whose adverse reactions are moni-
tored.

Epidemiological studies of the
consequences of exposure are indis-
pensable.

Recommendation E7

Epidemiology oriented to the
study of the major chronic diseases
and e n v i r o n m e n t a l exposures
should be strengthened, both by
broadening its scientific base and
by supplying such crucial tools as a



21

national death index. (Imple-
mentation: EPA, NIEHS, NCHS.)

Epidemiology is another area
where we have asked—and must
continue to ask—more and more.
Both to bring in diverse skills and to
increase available manpower, there
is an urgent need to bring in people
trained and expert in other fields,
such as biology, chemistry, and
statistics. There is also a need to
increase communication between
epidemiology and the related disci-
plines.

In parallel to the strengthening of
skill there is a need for a strength-
ening of available tools. Many
studies, for example, depend on the
follow-up of groups of people who
have experienced different known
exposures, over long periods of time.
The beginning of such a follow-up is
to -find whether the people are still
alive. As yet there is no national
index showing what state holds the
record for a specific individual who
may have died in a given year. The
effort of following up by inquiry in
each of 50 separate states, on the
chance that each may be the right
one, draws unnecessarily on scarce
resources, both among epidemi-
ologists and among state offices
handling vital records. As one of a
variety of improved tools for
epidemiology, a national death index
is badly needed.

Recommendation E8

A committee on environmental
epidemiology shouJd be set up,
charged to recognize and bring to
[he attention of the appropriate
Federal agency or agencies, both
.special opportunities and special
needs. (Implementation: EPA,
NIEHS, NCI, and NIOSH with
oversight by OST.)
Such a committee could be housed

in the National Academy of Sciences-
Institute of Medicine. Alternatively
it could be an interagency committee
in which nongovernment epidemi-
ologists and other scientists were
both approximately half the member-
ship.

F. ENCOURAGEMENT OF
DIVERSITY

U n f o r e s e e n n e w k n o w l e d g e
inevitably leads to the recognition of
new threats and calls for immediate
action. To have alternative chemi-
cals available for a use makes easier
(1) selecting'a chemical for a specific
use or situation, (2) learning about
side effects without keeping the
entire population exposed, and (3)
taking firm steps of exclusion when
substantial threats are recognized.
Moreover, exposure to half as much
of each of two chemicals is often
safer, though sometimes more
dangerous, than full exposure to
either alone. There are major reasons
for encouraging diversity of avail-
able chemicals for each use.

The feeling that it is "safer to stick
with the old and avoid the new" is
natural and has some support. Long-
t e rm e x p e r i e n c e w i t h h u m a n
exposure is invaluable. It is also true,
however, that with better techniques
and stronger requirements, both
safety and efficacy testing of new
chemicals are (and will be) more
complete than was that of older ones.
(Of course, carefully studied human
exposure gives the best infor-
mation.)

Thus, when we do our best to
balance these and other considera-
tions, the overall interests of health
and safety still lead us to favor diver-
sity of chemicals for each use.

Recommendation Fl

Where a significant element of
risk cannot yet be avoided, as is
likely to be the case with many,
perhaps most, medicines—that is
where exposures much larger than
those actually used would be
dangerous, a carefully limited
requirement of "relative efficacy"
is justified and shouJd be adopted.
A requirement of "clearly better
than the best" would often be
dangerous and should be consid-
e r e d q u i t e u n a c c e p t a b l e .
(Implementation: FDA.)
A limited requirement of "relative

efficacy" should be understood to
mean that, at least for some well-
defined subgroups of people or situ-
ations, the safety factor offered by
the new chemical is at least as high as
the second best choice now avail-
able—or is at least nearly as high as
the only choice now available. The
intent of this requirement is to
e n c o u r a g e t h e d e v e l o p m e n t ,
approval, and use of two or more
medicines or other chemicals wher-
ever and whenever this does not
seriously raise the undertone of risk.

Notice that, in medical practice,
two or more medicines are often
valuable because of individual
di f ferences in response. Some
patients may respond better to one
medicine, some better to another.

Recommendation F2

Where the known or probable
risk is negligible or absent, there is
no excuse for any form of require-
ment of "higher efficacy" or
"relative efficacy." (Implemen-
tation: FDA, and probably, EPA.)

In the absence of appreciable
known threats to safety, the health
advantages of diversity are of
controlling importance.

Conclusion F3

Where a chemical deserves
special e n v i r o n m e n t a l hea l th
a t t e n t i o n f i n t he sense o f
Recommendation E3J, even though
no known or probable risk has been
established, there is a legitimate
Federal health concern in its
e f f i c a c y . ( O v e r l a p s w i t h
Recommendat ion E4, imple-
mentation there.)
This concern does not extend to

regulation, so far as health goes, but
m a y p r o p e r l y i n c l u d e ( s e e
Recommendation E4) arrangements
for—or a support of—an appropriate
testing program. (Concern for the
protection of the consumer's pocket-
book or for truthfulness of claims is a
separate matter, outside the scope of
this report.)

528-750 O - 73 - 3
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Recommendation F4

The FDA and the Department of
Commerce should jointly review,
every second year the scale and
character of research and develop-
ment on new medicines, and their
probable effect on the rate of intro-
duction of valuable new medi-
cines. (Implementation: FDA.)

While the prescription drug
industry has continued to be an
effective source of valuable new
medicines, it will be in the public
interest to keep a keen eye on its
current planning and on any new
trends that may develop. Concern
has been expressed for the con-
sequences of the impact of in-
creasingly severe regulation on the
effectiveness of the prescription drug
industry as a source of valuable new
medicines. So far as numbers of
research dollars or employment goes,
we have seen no evidence of a
slowdown in the past decade. Nor
have nations subject to different
regulatory systems and production
incentives introduced a group of
important new medicines not
available in the United States.

The public importance of the pre-
scription drug industry as a source of
effective new medicines is great; the
flow of effective new medicines
cont inues to deserve careful
watching.

Requirements, both imposed and
voluntary, for more careful testing of
safety and efficacy have inevitably
contributed to an increase in the
capital investment needed to bring
one new medicine to approval. More-
over, some concern has been
expressed about a tendency for
smaller firms to disappear. Such
trends toward greater concentration
are common in other industries;
many factors are usually involved.
But there seems to be no evidence
that such influences have dispropor-
tionately affected the amount of
significant research.

The most appropriate way for the
Federal Government to assist the
expansion of research in this area is
to speed up the process of testing and

approval along the lines recom-
mended above. (Section C)

Recommendation F5

The EPA and the Departments of
Commerce and Agriculture should
jointly review, every second year,
the scale and character of research
and development on new pesti-
cides and their probable effect on
the rate of introduction of valu-
able new pesticides. (Imple-
mentation: EPA.)

While the pesticide industry has
continued to be an effective source of
valuable new pesticides, it will be in
the public interest to keep a keen eye
on the current planning and on any
new trends that may develop. The
s a m e r e m a r k s a p p l y a s t o
Recommendation D4, with perhaps a
slightly increased emphasis on the
need for following near future
changes.

Recommendation F6

The Federal Government should
place under continuing review the
development of medicines for the
rarer life-threatening or crippling
diseases, and should he prepared to
consider a program of f inancial
support when and if a serious lag in
development is manifest, (Imple-
mentation: NIH and FDA.)

Much has been said about how the
increased cost of research and
development has forced medicine
developers to cease work on medi-
cines for rare diseases. The Panel
was unable to satisfy itself whether
this has occurred to any substantial
degree nor to what extent it may
occur in the near future. Continuing
concern and careful observation are
surely warranted.

Recommendation F7

Compensation of particular com-
ponents of industry, and not
others, for the economic conse-
quences of appropriate Federal
regulatory action is not generally
desirable. The Government may
wish to consider establishing an

over-all policy with respect to the
financial impact on individuals
and businesses of Government
regulatory and incentive pro-
g r a m s . ( I m p l e m e n t a t i o n :
Commerce, OMB.)
Federal regulatory and legislative

action may create financial benefits
or losses for individual businesses.
This is so, for example, in legislation
for cleaner rivers, and that requiring
automobiles with different exhaust
components. Regulations affecting
drugs, pesticide and other health-
related products also do this. More-
over, regulatory action or inaction
will create financial impacts on the
incomes or assets of individual
families as well.

We find no obvious principles of
compensation that apply peculiarly
in the health area, much less in only
part of that area, that do not warrant
action equally in many other fields as
well. We therefore see no basis for
r e c o m m e n d i n g c o m p e n s a t i o n
policies for the health area in the
absence of a general policy on
compensation.

Conclusion F8

Federal Government cooper-
ation with, or subsidization of,
industrial development of select-
ed new medicines deserves careful
continuing consideration.

Federal participation may well be
appropriate in exceptional situ-
ations that combine all three of high
social value, high initial investment,
and inadequate industrial activity.
Tomorrow, the scope for Federal
participation may widen, perhaps
even drastically—or it may stay the
same. Similar questions may arise
for other classes of chemicals.

Recommendation F9

For the foreseeable future, the
development -of i n f o r m a t i o n
concerning the safety of specific
new food additives should remain
the responsibility of industry, hut
should be shared e f fec t ive ly
between producers and users of ad-
ditives.
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Government has the respon-
sibility for assisting indirectly in
this process by assuring that
industry collaborations main-
tained solely for the purpose of
testing safety and usefulness of
new or existing food additives are
not precluded by the threat of anti-
trust action. (Implementation:
Industries concerned, Justice.)

The supply of new and useful food
additives is threatened, since the
costs of safety testing are now large,
especially for substances whose
potential annual use is measured in
dozens or hundreds of pounds. Both
the food industries and the govern-
ment need to consider the problem
creatively, with the intention of find-
ing a solution.

G. COMMUNICATING THE
RESULTS

AND MEANING OF RECENT
SCIENTIFIC FINDINGS

Recommendation Gl

More scientists should take an
active role in interpreting the
results of scientific investigations
in ways that are meaningful to the
public and to those responsible for
regulatory and legislative deci-
sions. (Implementation: Individual
scientists competent by training
and experience,)
This recommendation is directed to

all scientists with appropriate skills,
not just to those who were con-
cerned with specific investigations.
The scientific community owes this
type of interpretation and guidance
to the public, provided through
enough different voices to ensure
considerations that are still a matter
of scientific discussion and uncer-
tainty become clearly separated from
considerations that are matters of
scientific consensus. The public
should not ask the sceintists to make
the decision. They must, however,
insist that the scientists, as a body,

indicate clearly both the range of
permissible interpretations and the
narrower range of reasonable
interpretations.

Recommendation G2

Bold, aggressive and continuing
steps should be taken collectively
by the scientific community, both
during and between scientific
meetings and through special
background sessions, to brief
members of the press on factual
material relating to new dis-
coveries and issues of public
concern involving chemicals and
health and where possible to
provide balanced interpretations
of this material. (Implementation:
Scientific societies and associa-
tions whose professional fields
include or overlap the areas
involved.)

The single most effective way for
scientists to meet the obligation laid
down in Recommendation Gl is
through the press. Both national and
local groups can, and should, develop
explicit mechanisms to meet their
responsibility.

Recommendation G3

The usefulness and t rus t -
worthiness of scientific results
arises from a variety of sources.
Without the intervent ion of
organized procedures of reveiw or
discussion, neither observed
"facts" or interpretations can have
their full value. Since many regula-
tory decisions will inevitably
reflect data from recently per-
formed experiments and since
public pressures inev i t ab ly
influence regulatory decisions, the
public interest demands that such
data of full value be brought to the
public and to the decision makers.
Consequently, the press, the
government and the individual
scientists involved should combine
to give full value to new data—and
to its interpretation—by ensuring

its review or discussion before it is
taken to the public or made the
basis of regulatory action.

Any discoverer is tempted to
believe his discovery is without
defects and has earth-shaking conse-
quences. Scientists are not insulated
from such temptation. Even though
they may be sure about the absence of
defects and the size of the conse-
quences, however, they owe to the
public a dedication to encouraging
deliberate review.

Recommendation G4

In addition to simply providing
information, the press should
undertake special efforts at public
education on the scientific basis for
regulation and on certain special
issues surrounding it. (Implemen-
tation: Individual members of the
press, including editors.)

The task set for the press in this
recommendation is not an easy one.
Nor is it one to be accomplished at
once.

The Panel believes, however, that
a responsible press can be effective,
in various media, with both imme-
diate and continuing action. As it
does this, the press will serve the
nation well.

Recommendation G5

The press, as it meets its respon-
sibility for balanced coverage,
should do all it can to combine any
publication of tentative, unre-
viewed scientific findings with a
significant representation of the
views of other scientists compe-
tent to comment . (Implemen-
tation: Individual members of the
press, including editors.)

This again asks something not easy
of accomplishment, but especially if
the scientists respond to Recom-
mendations Gl and G2, the press can
do much to meet one of its major
responsibilities. Much can be done,
all the way from originating reporter
to final editor. The news values of
reports of differing expert views may
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not seem as great as those of "scare
stories", but experience shows that
responsible elements of the press
have used the former effectively,

H. FURTHER
RECOMMENDATIONS

Recommendation Hi

Federal regulatory agencies
should be responsible for ensuring
that all safety and efficacy data
included in approved applications
or petitions are made available to
the public. Safety data in unap-
proved applications or petitions
should also be made available
within a suitable period of time.
(Implementation: FDA, EPA, Agri-
culture.)
Safety and efficacy data which

served as the basis for approval of an
applications or petitions could be of
fully available for public review, and
the public interest will be served by
making these data routinely acces-
sible. However, there are legitimate
proprietary reasons for not publicly
disclosing the performance of new
medicines while they are in the
investigative stage. So long as we
continue to depend on private
industry as the primary source of
new medicines, protecting these
interests in developing new medi-
cines aids the public welfare.

The safety data in unapproved
applications or petitions could be of
considerable toxicological interest
and appropriate mechanisms should
be developed to make them available
to the scientific community.

One argument raised against the
release of safety and/or efficacy
information is that the original
performer's investment is greatly
degraded in value if others can use
the same information in their own
applications for approval. The
potential degrading of invest-
ment—and its ultimate negative
effect on the production of new
effective chemicals—are clear, but
various schemes have been pro-
posed which would adequately

remove the threat to the original
investment without restricting
access to the information. Similar
considerations apply to other classes
of chemicals.

Recommendation H2

Labeling of ingredients in
cosmetics, household products and
other unregulated materials
coming in contact with the public
s h o u l d i d e n t i f y s i g n i f i c a n t
chemical components of known
health consequences. (Implemen-
tation: EPA, in consultation with
FDA and NIH, the Congress.)
This necessarily goes beyond the

labeling of "active ingredients" and
"hazardous substances," which,
though useful, is too limited for
reasons explored in the text of this
report. A sweeping requirement, not
proposed here, to list in all products
no matter how complex, every ingre-
dient no matter how trivial, would
encounter serious practical dif-
ficulties. The labeling of all ingre-
dients of "known health conse-
quences" as determined by the appro-
priate regulatory agencies for
products not now regulated would be
both practical and protective.

Procedures should be developed
for making still more detailed
information about product compo-
sition available to allergists and
other physicians, perhaps through
the network of poison control
centers. Means of making this infor-
mation accessible to the consumer
should be sought.

The Panel considers that the pro-
vision of information is comple-
mentary to regulation. This should be
done whenever practicable and
useful. Beneficial components as well
as potentially hazardous ones should
be noted, and the Panel favors,
wherever possible, ingredient state-
ments which indicate the function of
the components. The responsible
Government agencies should proceed
to exercise as much imagination as
possible in developing new methods
of labeling and product information.

Staged introduction for purposes
of safety is naturally attractive, but
the practical details of identification
and surveillance of those exposed
limit its usefulness for this purpose.

Recommendation H3

Schemes for staged introduction
of chemicals other than pre-
scription medicines, should not be
required or requested by the
Government for purposes of
monitoring safety, unless and until
significant new ideas and tech-
niques are found that make staged
introduction feasible and effective
for this purpose. (Implementation:
FDA.)

This Panel has given careful
consideration to a variety of ways in
which staged introduction of new
chemicals other than prescription
medicines might contribute to the
health of the public, either directly or
through more effective epidemi-
ological surveillance. While the Panel
had hoped to be able to find and
recommend satisfactory schemes or
mechanisms, it found none. The
introduction of pesticides to one use
after another, often a very wise
practice, is not a staged introduction
in the sense of this recommendation.

I. INDEX TO
IMPLEMENTATION

ASSIGNMENTS

The Congress is urged to imple-
ment Recommendations A3 and H2.

The Department of Agriculture is
urged to implement General Recom-
mendations 1 and Recommenda-
tions D4 to D6, F5 and Hi.

The Department of Commerce is
urged to implement Recommen-
dations F4, F5, and F7.

The Environmental Protection
Agency (EPA) is urged to implement
General Recommendations 1, 2, 3, 4,
5, 8, 15, 18, Recommendations Al to
A3, Bl (B4?), B5, C4, D4, D5, El to E8,
F2, and Hi to H3.

The Food and Drug Administration
(FDA) is urged to implement General
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Recommendations 1, 2, 3, 4, 5, 8, 15,
18, Recommendations Al to A3, Bl to
B7, C3, E5, E6, Fl, F2, F4, F6, and HI
toH3.

The D e p a r t m e n t of Hea l th ,
Education, and Welfare (HEW) is
urged to implement General Recom-
mendations 8,10,11,12,13,16,17,18,
19, and 23 and Recommendations D2
an'd D5, and encourage implemen-
tation of Recommendations assigned
to FDA, NCHS, NIEHS, NIGMS, NIH
and NIOSH.

The Department of the Interior is
urged to implement General Recom-
mendation 19 and Recommendation
D5.

The National Bureau of Standards
is urged to implement Recom-
mendation E4.

The National Center for Health
Statistics (NCHSj is urged to imple-
ment Recommendation E7.

The National Cancer Institute
(NCI) is urged to implement General
R e c o m m e n d a t i o n 1 4 a n d
Recommendations C3, E7, and E8.

The Na t iona l I n s t i t u t e of
Environmental Health Sciences
(NIEHS) is urged to implement
Genera l R e c o m m e n d a t i o n 18,
Recommendations Cl to CIO, and El
to E8.

The National Institute of General
Medical Sciences (NIGMS) is urged
to implement General Recom-
mendation 18, Recommendations C6,
E5 and E6.

The National Institutes of Health
(NIH) is urged to implement Recom-
mendations D2, D3, F6 and F8 and to
encourage implementation of the
recommendations assigned to NIEHS
and NIGMS.

The N a t i o n a l I n s t i t u t e fo r
Occupational Safety and Health
(NIOSH) is urged to implement
Recommendations C3, E2 to E4 and
E8.

The National Science Foundation
(NSF) is urged to implement Recom-
mendation D5.

The Office of Management and
Budget (OMB) is urged generally to

support the implementation, by the
relevant agencies, of all recom-
mendations, and specifically to
implement Recommendations C3, D7,
F7, F8.

The O f f i c e of Science and
Technology (OST), in some cases
through the chairmanship of the
Federal Council of Science and Tech-
nology, is urged to implement
General Recommendations 16, 19,
and 23, Recommendations Dl, D3,
D7, E8, and F8.

The Department of Transportation
is urged to implement General
Recommendation 11.

Individual scientists, competent
by training and experience, are urged
to implement Recommendation Gl.

S c i e n t i f i c s o c i e t i e s a n d
associations in appropriate fields are
urged to implement Recommen-
dation G2.

Individual members of the press,
including editors, are urged to imple-
ment Recommendations G3 and G4.
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CHAPTER 4

GENERAL SUMMARY

A. CHEMICAL EXPOSURES

What is the role of chemicals in our
attempts to protect and advance
human health? Are we concerned
only with the new chemicals to which
attention had been called in recent
years? Hardly.

Man has been exposed to chemicals
in the environment since time
immemorial. Plant, animal and
human life have always depended on
natural transformations contin-
uously recycling huge quantities of
chemical substances through the bio-
sphere. Photochemical smog based
on the organic chemicals added to the
atmosphere from pine forests, a
myriad of mycotoxins, the botulinus
toxin, and the "red tide" occasion-
ally seen off our coasts—all these
have been with man since pre-
historic time.

Man has long been aware that the
continuing risk of illness and death
cannot be completely avoided by any
known substance or mode of
existence. He, nevertheless, has
persistently utilized chemicals in his
attempts to extend life, to minimize
ill health, and to reduce both the risks
and the labor associated with getting
his daily bread. Man has so
persisted even while knowing that no
single chemical substance, natural or
artificial, can be guaranteed harm-
less to him.

Some of his chemical inter-
v e n t i o n s have b r o u g h t over -
whelmingly beneficial effects. Were
1901 death rates still prevailing,
nearly 50 million of this nation's 200
million citizens would now be dead.
A significant portion of these lives
were saved by suitable uses of
chemicals. At the other extreme some
uses of chemical interventions, often
incidental and unanticipated, were
almost wholly undesirable in their

effect on man and his environment.
With increasing industrialization,

new chemicals have been contributed
to the environment. Both new and old
chemicals have increased in amount
to meet the needs of growing popula-
tions and to assist in improving
living standards. Opportunities for
utilizing a myriad of naturally
occurring and synthetically manu-
factured chemical substances have
increased with almost similar speed.
The rate of production of petro-
chemicals from oil and natural gas
has been quadrupling every ten
years. Large quantities of such in-
organic chemicals as chlorine,
sulfuric acid and Portland cement are
now made. (See Chapter 9,
"Industrial Chemicals," for further
detail.) The total for manufactured
consumer organic chemicals now
corresponds to 500 pounds per capita
in a population of 200 million!

What adverse impacts do uses of
chemicals exercise on man's health
today? The firmest basis for answer-
ing this question is to begin from
estimates of death linked to chemical
causes. The available data, which are
detailed in chapters 5 and 14 below,
reveal that most deaths linked to
chemical impact occur primarily
because of individuals' own actions,
as in smoking cigarettes and in the
abuse of alcohol and illicit drugs. A
substantial segment of deaths may
indeed be linked to dietary choices. A
second substantial group of causes
depend on unknown chemical factors
in the environment, which initiate or
promote cancer—possibly in combi-
nation with viruses, genetic factors,
etc. The third, and smallest, sub-
stantial group includes deaths that
arise from adverse reactions to medi-
cation and from recognized environ-
mental exposures—such as common
air pollution and exposures of
workers on their jobs.

Action to reduce the first, and
largest, group of chemically linked
deaths would require society to make
di f f i cu l t choices. Changing the
behavior of millions of individuals in
their choice of diets, in their deci-
sions to smoke cigarettes or consume
alcohol could not be simple. Reducing
the deaths associated with unknown
risks faces no such difficulties: it
requires chiefly a vigorous and
persistent attempt to increase our
scientific knowledge. Only in this
way can we hope to locate and then to
strike at the causes of such deaths.
(Recommendations to improve such
knowledge appear above.)

Adverse reactions to medication
are not yet well enough studied, and
we have recommended appropriate
action. Community air pollution and
occupational exposures are being
actively attacked. There remain a
large variety of chemical exposures
which produce few deaths, an
uncertain amount of ill-health, but
much public concern.

Today's concern about chemicals
and health is stimulated by more
than the revelations that modern
toxicology is making about both the
chemicals in natural foods and the
chemicals made by man. A large part
of this concern comes from the rapid
expansion of the latter, which can
reach man and the environment
through a remarkably complex
labyrinth.

Fortunately, many industrial
chemicals do not reach the general
public. Acrylonitrile, for example, is
shipped in sealed tank cars to plants
for conversion to synthetic fibers.
Textile mills may then weave carpets
from the fibers. The carpet buyer will
not be exposed to acrylonitrile, only
to the synthetic fiber, although some
occupational exposures must still be
guarded against.

Most of us, by contrast, are at least
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somewhat exposed to the gaseous
propellants used in spray cans and to
the chemicals used to make deter-
gents effective. Further, every paint
solvent evaporates into the atmos-
phere and every detergent drains
through sewage systems to lakes,
rivers, or oceans. Man is exposed
directly to such materials both as
they are used and as he uses air and
water . Still other groups of
chemicals, the drugs and food
additives, are intended for primary
use by man. Agricultural chemicals
reach man to the extent that residues
persist in his food.

Thus man's manufacture, distri-
bution, use and disposition of both
artificial and naturally-occurring
substances can lead to new and
possibly significant hazards.

B. THE APPROACH TO
PUBLIC POLICY

Amid this vast array of exposures
both to naturally occurring toxi-
cants and to chemicals that man
produces in increasing volume, what
is a proper perspective for public
policy on health? Each day's policy
must, we believe, turn upon as
careful and close a judgment as we
can draw from the continuing
expansion of knowledge—knowl-
edge of what benefits and risks are
associated with chemicals today.
That judgment cannot rest simply
on the basis of an arbitrary pref-
erence for the natural or for the
synthetic; for the new or for the old;
for the creations of man's tech-
nological genius or for the accidents
of what chemicals become preferred
in certain cultures. We must instead
judge by the current values and needs
of the American people, a judgment
to be closely considered, reviewed
and reconsidered as knowledge
accumulates and conditions change.

New chemicals, not already in use
or mass production, are specially
easy to review and regulate. Our pro-
cedures have taken advantage of this,
and it is with new products that our
existing regulatory mechanisms

operate most effectively. Chemicals,
natural and synthetic, already
widely used may also deserve our
careful attention, but almost certain-
ly on a selective basis. Here we have
not yet adequately developed the
procedures we need to guard our-
selves from possible threats—and, of
course, we have often not acquired
the knowledge needed to recognize
these threats.

To enforce effective regulation,
and to develop principles that can
guide regulatory bodies, two kinds of
comparisons must constantly be
made. One concerns risks and
benefits. The more certain a chemical
is to save lives the more willing we
should be to accept dangers in its use.
And the more readily it could be
replaced by something harm-
less—either by nothing at all, or by a
very safe product—the more willing
we are to deny a new chemical entry
into use. The enormous gray area
between these extremes is one that
regulatory bodies confront con-
stantly. There are no simple princi-
ples to guide that choice. But we
recognize that the better our scien-
tific knowledge becomes, and the
more clearly the public understands
this dilemma of choice, the more
satisfactory regulatory decisions
will be.

Precautionary destruction of foods
or beverages because of suspected
contamination, or a restriction
against the use of some drugs or food
additives, does not merely ensure
against harm. It also shifts usage to
other foods, beverages, drugs, or food
additives in ways not always pre-
dictable or advantageous. Thus,
removal of an implied hazard may
entail a hazard of its own, and always
restricts freedom of choice.

A second comparison must con-
stantly be made—by scientists, by
regulators, and by members of the
public—as they assess the sound-
ness of regulation. This is a compari-
son of two knowledges. One is the
knowledge afforded by human
experience with chemicals in wide-
spread and prolonged human use.
[Such usage typ ica l ly is so

unsystematic and unfocused that
untoward effects may be hidden or
masked by the complexity, or
ignored,) The other knowledge is that
following from careful scientific
inquiry, in laboratories and/or con-
trolled experimentation. (Such
knowledge is also often partial,
sometimes rests on observations on
organisms whose reactions may not
parallel those in man; and rarely
measures long-term consequences,
particularly in those occurring only
in man.) We expect both citizens and
regulators to recognize the worth,
and the limitations, of each kind of
knowledge. And, as the recom-
mendations above indicate, we
would urge substantial commit-
ments to needed research as a way to
moderate this dilemma by increasing
our knowledge of both kinds.

With the aid of scientific under-
standing, sound medical practice,
and public health and preventive
measures, the threat of acute infec-
tious bacterial disease has been
virtually eliminated as a cause of
death in this country. Several chronic
degenerative diseases, including
cancer, are now the most prominent
causes of death. Some, notably lung
cancer, are rising to epidemic propor-
tions.

United States mortality rates in the
past two decades reveal a recent
attenuation—even a reversal—of the
previous declining trends. Among
the causes of this excess mortality or
early death one finds cigarette
smoking, dietary patterns, and other
voluntary social habits implicated as
major or even overwhelming contrib-
uting influences.

The American public, in part
through the legislative process, has
paid a great deal of attention to
uncertain or implied risks while
i g n o r i n g c e r t a i n l a r g e a n d
unequivocal risks to health.

C. KNOWLEDGE FOR
DECISION

Knowledge is preeminently impor-
tant for good decisions. While some
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environmental chemical agents seem
clear causes of ill-health, we must
readily admit that detailed and
systematic knowledge in this area
lags far behind the levels of
quant i f ica t ion and reliability
accessible to contemporary science.
The acquisition of knowledge may be
expensive, but the absence of knowl-
edge may be much more expensive.
When considering a decision and
faced with incomplete and insuffi-
cient information, the administrative
and legislative processes tend
strongly to the side of a conservative
prudence in the name of health. There
are several notable examples, in
which Congress has replaced scien-
tific discretion by statutory man-
dates to "protect" human health
inflexibly. The Delaney Amendment
to the Food, Drug, and Cosmetic Act
is probably the best known. It is not
clear that such absolute restrictions
always achieve the desired pro-
tection of human health. At times
they may even work against it, (The
rigidly prescribed standards for
automobile exhaust emissions, man-
dated by the Clean Air Act Amend-
ments of 1970 raise a clear issue to
what extent have resources been
diverted from other and perhaps
clearer contributions to health.)

There is a further cost of igno-
rance, one associated with wrongful
or injudicious decisions. Regulatory
decisions in the name of protection of
health and environmental integrity
often have expensive consequences.
They typically obligate large
expenditures of money, they are
meant to remain in effect over long
periods of time, and they typically re-
arrange large areas of our lives.
Given the large impact of these
consequences, the decisions pro-
ducing them deserve the best foun-
dation possible. Errors in regulatory
judgments can be extraordinarily
expensive, in human and monetary
terms.

Finally, there is another cost impli-
cation. Public and private expend-
itures in the name of human health
in the United States are large, yet
they must always be limited.
Expenditures made for, or as a conse-

quence of, regulatory activity are not
available to be made toward health in
any other ways. We should always be
sure that what we purchase in the
way of extra health through regula-
tion does in fact have that benefit,
since we thereby remove the option
of making the same expenditure
toward health in some other way.

Knowledge about environmental
concentrations of chemicals and firm
information on the probabilities of
human exposures to them are not
generally available. Except for thera-
peutic drugs, there is a major
accounting problem to be solved if
one is even to begin to appreciate the
routes and quantities distributed.
Knowledge about inherent bio-
logical effects is much less available
than is generally appreciated. The
technology to produce and dis-
tribute chemicals has outstripped the
ability to understand their path-
ways in the environment and their
biological effects.

What kinds of knowledge are
needed? A wide spectrum of different
kinds of information is necessary. At
one extreme is an aggregate of funda-
mental information about disease
processes in general as well as about
those that may derive from exposure
to environmental agents. We gener-
ally are better informed about the
details of acute toxicity and acute
disease processes than we are for
chronic ones. There are many chronic
degenerative diseases for which we
know little about causes or mecha-
nisms.

There is, in addition, a clear need
for more research on an intermediate
level, applying sound scientific
insight and the current tools of scien-
tific investigation toward the under-
standing of how chemical agents act
on biological systems and toward the
utilization of this knowledge. In
the past, our evaluation of such
actions has often been confined to
"testing" using relatively unsophis-
ticated techniques of classical toxi-
cology. Clearly the improvement of
testing depends on utilization of the
newest concepts and methods

developed in pharmacologic and bio-
chemical research. Much of our
knowledge of the health effects of
chemical exposures in man must
come from population group studies
made by epidemiologists oriented to-
ward the major chronic diseases and
the major environmental exposures.
If we look to epidemiology for the
amount of new knowledge and guid-
ance we require, we must en-
courage this orientation and the
inclusion of a wider variety of scien-
tists in this field. We must, more-
over, face the need for assured
support over several years for those
studies that cannot be done any
faster . We must give epidemi-
ologists better access to relevant
data, for example through the insti-
tution of a National Death Index,
Such questions as "has a specific
person exposed long ago to some
possible cause of ill health in fact
died? What state holds his death
certificate?" might be more quickly
answered with the aid of the index.

D. ACQUIRING KNOWLEDGE
AND ACTING ON IT

Having declared the importance of
knowledge what do we as a society
do to acquire it?

For new regulated chemical prod-
ucts, such as food additives, pesti-
cides and therapeutic drugs, the
government generally relies on the
manufacturer and developer of the
product to underwrite or perform all
accessary research. The results of
chis work are used by the govern-
ment in its regulatory decision-
making.

There remain, even here, some
areas where there is no clear respon-
sibility for research and infor-
mation. Prominent among these is the
problem of old decisions versus new
scientific insight or information. For
products once approved or certified,
there exists little or no incentive for
either the manufacturer or the
government regulator to consider
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and seek out new (and sometimes
discomfort ing) scientific infor-
mation.

Knowledge about utility or benefit
is typically as deficient as infor-
mation about risk or hazard. Judg-
ments about risks versus benefits or
about penalties to be paid for restric-
tions on use appear particularly
difficult to exercise in the face of this
ignorance.

Although it is clear that in selected
cases such new or additional infor-
mation on safety or utility would be
of great value, it has to be gathered
selectively. Otherwise we would
drown in a sea of unmanageable, and
largely, valueless data. The mecha-
nisms to select what is needed,
especially in advance of data acqui-
sition efforts, are not obvious.

E. HOW REGULATION IS—
AND SHOULD BE—DONE

The regulatory outcome cannot be
treated symptomatical ly. Any
serious consideration of the patterns
and products of regulation in behalf
of health must include a serious
examination of how regulation is
done.

Risk-benefit and cost-benefit
analyses have become commonplace
concepts. In the litany of many
administrators and public officials
such concepts are included as
desirable elements in regulatory
decision-making. In fact they are
desirable; yet the practicality of
rigorous risk-benefit and cost-bene-
fit analyses in any detailed sense
may be quite circumscribed. What is
both desirable and attainable is the
concept of balanced decisions. Bal-
ancing should be done in a way to
account for all of the important
considerations and implications of
each decision. Balancing should
include the several important points
of view espoused by both those with
general as well as special interests.
Regulatory decisions are always
difficult decisions. It is clear that, no
matter what the outcome, they can
never satisfy all parties. Explicit

examination and candid explana-
tion are essential if the decisions are
to be understood and be credible.

We have relied too long on isolated
or apparently isolated administra-
tive decision-makers. Balanced
decision implies a broad audience of
constituents, and a broadly based
group of participants. The rewards
and penalties for reulatory decision-
making have traditionally resided
strongly in the direction of narrowly-
based considerations of protection
alone. True balancing has generally
not been encouraged and, at times,
has been actively discouraged. It is
not to the benefit of the American
people to sustain this pattern.

The admin i s t r a t ive agency
responsible for regulatory decisions
should be fully and appropriately
equipped with the resources for
arriving at balanced judgments. It
must be careful, and able, to separate
the scientific issues requiring only
skilled professional judgments from
those broader value determinations
in which a more diverse assemblage
of backgrounds and perspectives
should be involved. The pattern of
bolstering the administrator's own
judgment by a competent, high-level
advisory panel appears to have great
merit. This pattern, traditional in
many Western European countries,
deserves consideration.

Health related regulatory judg-
ments will necessarily reflect a
changing scientific base, This fact
dictates flexibility and discretion in
the decision process rather than
rigidity and legislatively-mandated
actions.

Habitual reliance on appeal
mechanisms for ultimate regulatory
decisions is unwise. Avenues of
appeal should clearly be available.
Yet, the continuous expectation that
an administrator's decision will be
supplanted by later administrative
and judicial appeals renders the
primary process perfunctory, and
undermines its credibility. Most or
all of the elements of appeal
processes are clearly desirable and

generally are in the direction of
broadening the base of the decision.
Thus, it would be logical to incor-
porate such institutions as the
external advisory board, the public
hearing, broad information gather-
ing, and public information into the
original decision process and to lead
to relatively less reliance on the
appeal processes by making the
decision less vu lne r ab l e to
subsequent reversal upon appeal.

Balanced, well supported decisions
deserve and need clear and explicit
presentation to the public in order to
improve their understanding, accept-
ance, and the prospects for balanced
decisions in the future. A number of
mechanisms, public, private, and
professional, need to be improved,
expanded, or added to achieve this
goal.

F. WHERE DO WE STAND?

The panel is confident that we can
cope capably with out natural and
man-altered chemical environment if
we reorder our priorities soundly
with the help of more and better data,
improve regulatory mechanisms,
strive for more balanced decisions,
and achieve a higher level of public
understanding and support.

Looking ahead, we give primary
emphasis to gaining new knowl-
edge, all the way from principles of
chemical action to details of impacts
of particular chemicals. As reliable
knowledge of chemical impacts is
expanded, regulatory agencies
become able to monitor for safety
more promptly and exactly. They
thereby achieve a better balance
between losses because improved
chemicals are unavailable and losses
that arise because specific chemicals
are unwisely used. Finally, as basic
knowledge expands and as new in-
sights are uncovered by Federal and
other non-profit research enter-
prises and by individual firms
through their research activities,
ways to produce safer and more
efficacious chemicals will be dis-
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covered. Given the vast market that
has in the past snapped up new life-
sav ing m e d i c i n e s , and o the r
chemicals of high social value,
private firms have major incentives
to continue developing ever more
socially useful products.

Our r e c o m m e n d a t i o n s fo r
advancing scientific knowledge of
chemical impacts are central because

they would lead those who use,
regulate or produce chemicals to act
more prudently. Our recommen-
dations for stimulating creation of
new and more desirable chemicals
rely primarily on the private market
given the incentives that are already
and effectively operative. But we
would add Federal research for inter-
mediate biological and chemical

investigation, plus Federal support
for certain rare health needs of high
social value. We rely on the combi-
nation of direct Federal regulation (to
rule unsafe products off the market)
and of private incentives (to create
new products) that together will
replace existing products by ones of
greater, or more certain, safety.





33

CHAPTER 5

PERSPECTIVES ON HEALTH

A. INTRODUCTION

To deal effectively with chemicals
and health we must do as good a job
of l o o k i n g at hea l t h as we
can—asking what state it is in and
what threats of what sizes can be
identified. We are far from being able
to do this as well as we would like.
The crucial difficulty is that we have
not learned how to measure health in
any direct or satisfactory way.

"Good health" is usually regarded
as absence of disease, while a
"disease" is anything which disturbs
or destroys "good health." Some
forms if ill health are comparatively
easy to specify, but instances of even
these are not carefully collected and
counted, in part perhaps because of
cost, in part certainly because we
have not wanted to know.

Deaths are, however, counted with
considerable care and completeness.
In spite of inaccuracies and other
shortcomings of death certificates,
today they provide the major data for
measuring health and sickness,
either for all our people or part of
them, and for measuring changes
over time.

When we look at deaths as a
measure of ill health, we learn the
main facts about such diseases as
cancer. We will, however, miss the
t ru th about such diseases as
arthritis, which are often serious or
crippling for many years, yet are
almost never recorded by physicians
as the cause of death. We must recog-
nize this bias and take it seriously.
Indeed, it is hard, once we have faced
its existence, not to say that there is
an urgent need for much better infor-
mation about non-fatal kinds of ill-
health. For the present, though, we
can learn much by looking at deaths,
either simply or with considerable
care. It is fair to say that, if we give

due attention to such matters as the
nature of a disease, the accuracy of
its diagnosis, and the patterns of its
distribution, that counts of deaths
can be used to give very sensitive and
accurate gages of health for identi-
fiable groups of people.

Our problem is to assess risks and
benefits to health from various
chemicals. Both the way the threat
affects health and the way we assess
its importance are far from direct. No
one dies labeled: "I died from
cigarette smoking." In relatively few
cases can we say, "This person died
from this threat." Indirect yet some-
times very strong evidence may,
however, make it relatively clear
how many deaths should be linked to
that threat.

A particular threat may cause
death in quite different ways. Abuse
of alcohol, for example, causes both
death from cirrhosis of the liver and
death from drunken driving causing
a fatal auto accident. Cigarette
smoking appears to increase deaths
from many causes; we consider about
a dozen and a half below in Appendix
C. Most threats are the apparent
cause of more than one disease. Most
diseases would exist, and kill, if any
one chemical threat were removed.
All deaths involve a combination of
causes, and might be postponed by
avoiding any one of them—as when a
roadside pedestrian is killed by a
drunken driver, something that
might have been avoided by any one
of (I) providing sidewalks, (2)
preventing drunken persons from
driving cars, (3) keeping that person
from becoming drunk.

Our information about the relation
of threats, through diseases, to
deaths is of ten indirect. Take
cigarette smoking as an example. It is
a typically long-term chemical
exposure from which no immediate

health effect is evident to the indi-
vidual. Animal studies have been
disappointing and diff icul t to
interpret. Epidemiologic studies,
however, involving long-term obser-
vations of smokers and non-smokers
have been quite definitive.

Repeated studies made at various
times and in various countries show
that deaths from many causes are
more frequent for cigarette smokers.
Moreover, those who once smoked
but later stopped show declining
death rates as the period of ex-
smoking grows longer. The evidence
is diverse in kind, broad in place and
time, extensive in amount, and
certainly by the mid-1960s, had con-
vinced scientists that cigarette
smoking was having serious adverse
effects on health. Today there is
proportionately more evidence, arid
no basis for weakening the conclu-
sion. For all of this, we can never be
sure that any individual death is
linked to cigarette smoking—though
there are groups of deaths of which
we can be reasonably confident that
90-odd percent are so linked. Similar
studies have been made of other
chemical threats, but thus far on a
much smaller scale.

B. HISTORY, BOTH
OF DEATHS

AND OF OUR KNOWLEDGE

If we look at deaths at the begin-
ning of this century and then at
deaths today, we see quite different
pictures—more different than most
of us have realized. In the early years
of this century, the leading causes of
death were communicable diseases,
led by pneumonia and tuberculosis,
each about 10 percent of all deaths.
Diseases of the heart caused 8
percent of the deaths in the U.S. and
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cancer caused less than 4 percent. By
1960 influenza and pneumonia were
the only infectious diseases ranking
in the top 10 causes of death (together
less than 4 percent in 1969), while
diseases of the heart were respon-
sible for over 38 percent of all deaths,
and cancer for over 15 percent. These
increases were substantially greater
than could be accounted for by the
decreases in deaths from infectious
diseases.

What has this meant to length of
life? For U.S. females at any specified
age between 2 and 80, about 30
percent more years of further life are
expected for 1968 death rates as
compared with 1901 death rates. For
U.S. males the improvement is much
smaller (4 percent to 23 percent over
this range of ages).

The extent of early death has
changed as follows:

Dying in the first year of life

Females Males
(Percent)

1901 . ,

1968.,

12.7

2.3

15.2

2.2

Dying in the two first years

Females Males
(Percent)

1901 15.9 19.6

1968 2.5 2.3

The ratios of expected years of
further life (that under 1968 death
rates divided by that for 1901 death
rates) are as follows:

Age from which
to continue

(1)
2

about 20
about 40
about 60

80
(85)

Ratio of expected
continuing life

Females Males

(1.37) (1.34)
1.33 1.23
1.31 1.17
1.30 1.12
1.32 1.04
1.29 1.23

(1.17) (1.23)

Clearly the improvement for females
is both large and (when described in

this way) quite constant, while the
improvement for males is relatively
disappointing. Clearly there has been
a very great improvement due largely
to control of the infections which
affected young children.

How much of this improvement in
health, as measured by the post-
ponement of death, has been due to
chemica l s — medic ines , water
purifiers, food preservatives, insec-
ticides, etc.—would be extremely
difficult to assess. The value of anti-
biotics in treating infectious
diseases has been enormous. Yet
antibiotics and other medicines can-
not be given full credit, for some
combination of improved sanitation,
better nutrition and other known and
unknown factors were causing
marked reductions in infectious
diseases before antibiotics were dis-
covered. These visible improve-
ments have been made less by in-
crease in certain diseases that affect
older adults.

The increases in deaths from
diseases of the heart and cancer,
already noticed, accompanied the
introduction and steady growth of
cigarette smoking. This started early
in this century and was taken up by
many more men than women. The use
of other forms of tobacco decreased
as cigarette smoking increased
steadily from 1900 to 1960. The
simultaneous increases in cigarette
smoking and in deaths from cancer
and heart disease might have been
coincidence, since large changes in
patterns of living and working were
also occurring.

Starting in the 1950s, a number of
large-scale epidemiologic studies
were undertaken in Britain, Canada
and the United States. Some were
prospective studies in which groups
with different smoking habits were
identified at the start of the study and
followed over along enough period of
years to make clear the relationships
between different levels (and kinds)
of smoking and specific causes of
death.

Another piece of evidence, of a
rather different character, is at least
as striking. We have noted the great

improvement in length of life since
1900, even for men. This has, until
recently, been reflected in a steady
decrease in the total death rate for
men of each age. In the last decade,
this decrease has first halted and
then reversed. When a search was
made for causes of death that were
increasing, many were found to be
causes that are significantly linked to
cigarette smoking, alcohol abuse, or
air pollution. (See Appendix B for
details). These facts are a clear
warning of the increasing impor-
tance of such threats.

C. CURRENT PERCENTAGES
OF DEATHS

Exhibit 5-1 displays a variety of
known and surmised threats to
health from chemicals in terms of
these categories and the percentage
of all deaths (in 1967) that can be
reasonably linked to each.

The type of attribution involved in
this linkage is illustrated in Exhibit
5-2 (for the complete forms of this
and related tables, see the exhibits of
Appendix C).

The main disadvantage of looking
at — and t h i n k i n g about — raw
percentages of deaths is that this
summary takes no account of
whether deaths occur early or late,
yet we are all more concerned about
early deaths than late ones. We shall
soon see that, while making
reasonable adjustments for age at
death changes the picture somewhat,
it does not change either the overall
impression made by such a display or
the conclusions to be drawn. After
all, large percentages in Exhibit 5-1
are so many times larger than the
small ones, that doubling some and
halving others has little effect.

This also means that the rather
approximate character of the
numbers of linked deaths is not a
matter of serious concern. When
doublings and halvings do not affect
our views and conclusions, the
numbers involved do not need to be
known with high precision.
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EXHIBIT 5-1

NUMBERS AND PERCENTAGES OF DEATHS IN 1967 LINKED TO VARIOUS CHEMICAL FACTORS
(100% - total deaths from all causes - 1,850,000)

Numbers of deaths
linked to factor in

1967

300,000
56,000

0 to 400,000
60,000

to 150,000

75,000
10,000
9,000
9,000
4,600
2,800
2,200

150

Percentage of all
deaths in 1967
linked to factor

17
3

Oto20

3 to 8

4
0.6
0.5
0.5
0.25
0.15
0.01
0.01

Factor

Unknown factors which act as
initiators & promoters of cancer

Coffee drinking (bladder cancer)

Adjusted percentages of death allowing
for age at which death occurs1

Adjustment A

13
6

Oto 13

3 to 7
1.4
1.2
0.3
0.3
0.5
0.1
0.25
0.02

Adjustment B

8
9

Oto 8

2 to 5
1.2
1.2
0.1
0.1
0.7
0.03
0.35
0.04

'See Appendix D (page 167) for definitions and discussion.
3 Includes accidental deaths In which alcohol was a contributor as well as diseases primarily linked to alcohol.

D. ADJUSTMENTS FOR AGES
AT DEATH

If we choose to make allowance for
age at death, counting early deaths as
more important, we can do this in
many ways. Adjustment A {Exhibit
5-1) takes the importance of a death
at a specified age as proportional to
the average number of years of
remaining life at that age. Adjust-
ment B does something quite similar,
but counts only that part of contin-
uing life before age 65. As we might
expect, the latter adjustment pro-
duces a bigger effect than the former
essentially in every case.

Deaths linked to cigarette smoking
fall from 17 percent to an adjusted
value of 9 percent in the extreme case.
Deaths linked to alcohol abuse rise
from 3 percent to an adjusted value of
8 percent. What was a 5-to-l ratio
(deaths linked to cigarette smoking
compared with those linked to
alcohol abuse) changes to a 1-to-l
ratio. This is a substantial change.

The major relationships in the
display, however, and hence the
conclusions we draw from them as to

EXHIBIT 5-2

HOW THE NUMBER OF LINKED DEATHS IS APPROACHED.

PARTIAL EXAMPLE FOR 1967 DEATHS OF MALES LINKED TO

CIGARETTE SMOKING

(for detail see Appendix C)

Cause of cancer

Cancer of lung

Subtotal

Arteriosclerotic heart disease . . .

Other circulatory

Subtotal

Bronchitis and emphysema
Stomach and duodenal ulcers . . .
Cirrhosis of liver
Influenza and pneumonia

TOTAL

Proportion
associated with

smoking1

.86

.68

.18

.27

.44

.72

.47

.40

.16

Male deaths
U.S. 1967

45,383
2468

54132

345,154

17,752

21,507
6,793

17,903
31,904

Linked
Male deaths

39,000
1,700

9,700

(62,000)

93,000

8,000

129,000

15,500
3,200
7,200
5,100

222,000

1 Calculated from the results of the summary paper In the W.H.O. Chronicle Vol. 24,
No. 8, 1970, assuming that 50 percent of males smoke. Note: The tendency for
heavy smokers to also be heavy drinkers (and heavy coffee drinkers) has usually
not been allowed for In the studies on which these figures are based.
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what threats are most important are
not seriously affected by these
changes. In this instance, the
important message is simple—the
story told by raw percentages of
deaths is essentially correct. We
needed to look at the effects of adjust-
ment; in this case we learned that
adjustment did NOT change the
story.

E. THREATS DIVIDED BY TYPE

The number of deaths involved is
an important aspect of a threat, but
not the only one. Other aspects of the
threat, particularly whether it comes
from the victim's actions or those of
others are also important.

The most helpful classification of
threats from chemicals rests on
answers to a number of important
questions:

• does the threat to health

accompany a larger benefit to health?
• is one's exposure primarily the

result of one's own actions, or those
of others?

• if of others, are they primarily
(for exposed persons) those of an
individual or organization, or are
they those of many people or organi-
zations?

• are the consequences known, at
least in broad terms, or unknown?
(Was this t rue at the t ime of
exposure?)

From the answers to these
questions, threats can be divided into
five classes in order of necessary
public concern, namely:

• as yet unremovable byproducts
of health-preserving or health-
restoring actions.

• primarily own actions with
known consequences (e.g., by
cigarette smoking).

• unknown risks (e.g., coffee
drinking).

• primarily collective actions of
others with generally known conse-
quences.

• primarily individual actions of
others with at least broadly known
consequences.

In general, we feel greater public
concern (1) as we move down this
list, and (2) as there are judged to be
more people who might be alive had
the threat been removed. The
percentages of linked deaths are
presented in Exhibit 5-3 in relation to
the voluntary or involuntary nature
of exposure, the known or unknown
nature of the risk is offset by
potential health benefit . (For
simplicity, these are unadjusted
percentages.)

Let us consider this exhibit in
terms of the relative concern with
which we should view the results. At

EXHIBIT 5-3

RECOGNIZED THREATS ARRAYED BOTH BY THEIR SIZE (% OF DEATHS IN 1967)
AND BY THE CHARACTER OF THE ACTIONS INVOLVED

Deaths linked to by-products
of health favoring actions

Adverse reactions to
medication (4%)

Oral Contraceptives (0.01%). .

Deaths linked to one's
own actions or choices

Cigarette smoking
(17%)
Dietary composition
(Oto20%)

Alcohol abuse
(1/5%)

Narcotic & addicting
drugs (0.3%)

Suicides (0.25%)

Coffee (0.1 5%)

Accidents involving
chemicals (0.05%)

Swordfish (0 to 0.0001%)

DTTa (0 to 0.00001%)

Deaths linked to
unknown sources

Unknown promoters
& initiators of
cancer (3 to 8%)

Deaths linked to collective
actions of others

Air pollution
(0.5%)

Deaths linked to
individual1 actions

of others

Alcohol abuse
(1.5%)
Airborne particles
(0.5%)
Narcotic &
addicting drugs
(0.3%)

Accidents involving
chemicals (0.05%)

'Individual organizations and firms as well as lndlvld.ua! persons.
JThe effects of accumulated body burden of DDT are unknown; the range given Is recognized acute poisoning which accounts for
at most a small fraction of a death per year. No deaths traceable to the intended uses of DDT have been recorded.
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the head of our list, we find drunken
driving, unknown initiators and
promoters of cancer, and cigarette
smoking, followed rather closely by
the effects (still quite uncertain in
size] of choice of dietary compo-
sition (as it affects the frequency of
coronary heart disease and other
cardiovascular heart disease). On
balance, drunken driving seems the
least tolerable of these, while
cigarette smoking accounts for the
largest number of deaths.

In most cases it is easy to place a
threat in a single category (in a single
column) and be generally correct.
The outstanding exception is alcohol
abuse, where drunken drivers kill
both themselves and others. (The
same is true of other accidents.) The

exact division, fortunately, is not
important, since both percentages
must be relatively large.

After these, in some order, we will
have to pay attention to threats from
air pollution, illicit drug abuse,
diseases due to air-borne particles,
and adverse reactions to medication.

Far down the list, we find such
threats as oral contraceptives,
swordfish, and DDT, which have
recently received much public
attention. Notice first, that the
known threat from oral contra-
ceptives is more than balanced by the
lives saved (avoidance of complica-
tions from pregnancy); second, that
the threat from cigarette smoking is
about one hundred thousand times as
large as that from swordfish, and

third, that the threat from choice of
dietary composition is perhaps two
million times as that from DDT.

F. FURTHER INFORMATION

The reader who would like more
detail about recent changes in
mortality should read Appendix A.
The reader who would like to see
from another angle what has been
discussed above in terms of linked
deaths should read Appendix B, as
should those concerned with the
mechanisms of Adjustments A and B
in Exhibit 5-1. The reader who
wishes to see more detail about the
numbers and assumptions used in
finding the number of linked deaths
should read Appendix C.

528-750 O - 73 - 4





SECTION II—Types of Chemical Exposures

CHAPTER 6

CHEMICALS TO IMPROVE HUMAN HEALTH

INTRODUCTION

Much has been written in the past
few years as commentary on in-
vention, innovation and develop-
ment of pharmaceutical products
useful as aids in the treatment of
human disease. Much of what has
been written has been prompted by a
continuing argument over the char-
acter, the blessings and the hazards
of the pharmaceutical manu-
facturing industry as well as of the
products of this part of the private
sector. A HEW Task Force on Pre-
scription Drugs published a series of
reports in 1968 on a number of
aspects of prescription products.1

This was reviewed by an additional
task force in 1969.2

Most reviews of purposeful drugs
and the drug industry take note of the
fact that chemical agents as ad-
juncts to therapy of disease are very
old in origin. There is thus a very long
legacy of the use of plant materials
and extracts, other natural prod-
ucts, preparations of various metals
and their salts, etc., for relief of
disease or at least of its overt
manifestations. Most of these early
drug "discoveries" were empirical in
the true sense and there was little
foundation in biological under-
standing of disease processes and in
their mechanisms.

By contrast, the search for the
pharmaceutical opportunities in
therapy on a systematic basis and the
development of a drug industry are
very recent endeavors. The pace of
drug development has mushroomed
within the last generation owing, to a
variety of different contributing
factors. One was the advance of a
number of disciplines to the point
where purposeful drug development
could become a scientific reality
Pathology, biochemistry, micro-

biology, and physiology each
contributed a rapidly accumulating
fund of knowledge of the basic proc-
esses of diseases. Although these
were not complete, they did afford
enough insight to permit speculation
and experimentation into possible
routes of therapeutic intervention.
Chemistry and especially organic
chemistry developed to the point
where synthesis, modification and
analysis of drug substances could be
done deliberately and in a controlled
fashion. As new drug research has
evolved, organic medicinal chemis-
try and pharmacology have loomed
large as perhaps the major contrib-
utors to this field.

The development of a drug indus-
try in the United States appears to
have been spurred on by the threat of
curtailment of imported substances
from abroad by each of the two World
Wars. As has been suggested,". . .the
modern drug industry was born al-
most overnight."3 Drugs, their
development, the methods used in
their testing and evaluation, and the
industry which underwrites them are
all under serious and critical examin-
ation and the subject of intensive
review by both the public and pro-
fessionals.1 3 4 5

TYPES

The subject of this chapter is thera-
peutic drugs—drugs used inten-
tionally in therapy of human dis-
ease. It excludes narcotic and
addicting substances used without
presumed therapeutic benefit in
medical practice. Therapeutic drugs
include biological preparations
(sucK as vaccines), naturally de-
rived chemical substances (such as
morphine and digitalis), and syn-
thetic chemical substances. The
majority are the latter type. Drugs

are categorized in various ways. Pro-
prietary drugs are those products
which are commonly promoted and
sold directly to the consumer. Ethical
drugs are those preparations which
are generally marketed through the
medical profession as an inter-
mediary. Ethical drugs, in turn, are
divided between prescription drugs
(sold to the public only with a pre-
scription) and over-the-counter
drugs (sold without a prescription
but often on the advice of a physi-
cian].

The distinction among these
classes is sometimes blurred. Most of
the present discussion concerns pre-
scription drugs.

BENEFITS

There is no questioning the fact
that pharmaceutical products have
been enormous assets in the therapy
and prevention of human disease.
The evolution of antibiotic materials
following upon the understanding of
the bacterial causation of much of
infective disease was clearly due in
large part to the introduction of new
drugs and biologicals. Life expect-
ancy at birth has increased from 62.9
to 70.8 years between 1940 (the time
just prior to the introduction of anti-
biotics) and 1970.

It is perhaps worth reviewing a few
of these specific drug benefits
according to a convenient classifica-
tion (a) curative, (b) corrective
(pharmacodynamic), (c) palliative,
(d) substitutive, and (e) preventive
(prophylactic).

Curative Drugs—Practically every
drug that exerts a curative action is a
chemotherapeutic agent directed to-
ward the treatment of infectious dis-
ease. In the 1930's, there were only a
few examples of drugs that were at
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all effective in the treatment of
infectious disease. The outstanding
agents in this class were quinine in
the treatment of malaria, and the
heavy metals in the treatment of
syphilis. In the case of the latter
drugs, treatment was long and pro-
tracted and the patient was almost as
susceptible to the noxious effects of
the drug as was the parasite. The atti-
tude of medical scientists was one of
pessimism that safe and effective
drugs for the treatment of infectious
diseases could be developed. It was
felt at that time that metabolic proc-
esses in the host and invading organ-
isms were so similar that any agent
that was toxic to a pathogenic organ-
ism would exert a similar dele-
terious effect on the host. Thus, it
was not surprising that the claims
that Prontosil, the first of the sulfon-
amides, was highly toxic to a fairly
wide range of pathogenic micro-
organisms, without having a signifi-
cant deleterious effect on the host,
were greeted with skepticism.
Indeed, close to five years elapsed be-
tween the discovery of this chemo-
therapeutic agent and its wide use in
the United States.

After sulfanilamide was recog-
nized to be the active portion of the
Prontosil rubrum molecule (an azo
dye), a vast number of congeners
were synthesized. This study of
structure-activity relationship re-
sulted in the availability of a wide
variety of sulfonamide derivatives
that were much less toxic and equal-
ly or more effective than the parent
compound, sulfanilamide. In fact, the
superiority of the current sulfona-
mide derivatives over the first
examples employed in chemo-
therapy (sulfanilamide, sulfapyri-
dine, sulfathiazole) is so great that
the three drugs named are no longer
available in the United States for use
as chemotherapeutic agents (except
for a single claim for sulfapyridine),
not because of inefficacy, but be-
cause of the greatly higher incidence
of toxic side effects. It is interesting
that the drugs responsible for one of
the greatest advances in chemo-
therapy have been discarded be-

cause of the superiority of related
substances developed later. At the
time of their introduction, they were
hailed as wonder drugs. Despite their
untoward side effects, some of which
were serious enough to cause an
occasional death, the initial three
were universally employed and
changed the concept of the treatment
of infectious disease.

In the late 1930s, it would not have
been predicted that the sulfona-
mides would be superseded by
another group of chemotherapeutic
agents, the antibiotics. However,
with the discovery of streptomycin
and penicillin, followed by the
tetracyclines, chloramphenicol and a
wide variety of other antibiotics, in-
cluding the semi-synthetic peni-
cillins and the cephalosporins, the
sulfonamides became second choice
drugs in all but a few infectious
diseases. The family of antibiotics
greatly increased the number of
infectious diseases that were
susceptible to drug therapy. Their
toxicity varies greatly from one anti-
biotic to another. Therefore, despite
this striking advance, a considera-
tion of relative risks and benefits in
the use of antibiotic drugs is still
with us. For example, chloram-
phenicol, a highly effective anti-
biotic with a broad spectrum of acti-
vity, is now reserved for the treat-
ment of those potentially fatal dis-
eases for which it is highly specific,
e.g. typhoid fever. Streptomycin,
another antibiotic with a broad spec-
trum of activity, must be used with
caution because of the dangers of
disturbances in vestibular and audi-
tory functions. Yet it would be clear-
ly unwise to discard these anti-
biotics because under certain circum-
stances, despite their toxic poten-
tial, they are still the drugs of choice,

With the advent of our family of
modern chemotherapeutic agents,
infectious disease is no longer the
terrifying threat that it was in the
past. Bacterial septicemias and
meningitides that were once con-
sidered to be 100 percent fatal can
now be cured with regularity. Al-
though the great majority of the

drugs used are relatively safe, one
would not hesitate to employ a fairly
toxic agent where the benefit is life
versus death.

The chemotherapy of tuberculosis
is one of the brightest chapters in the
treatment of infectious disease. Until
the discovery of streptomycin, there
was no drug to which the tubercle
bacillus was susceptible. The inci-
dence of the disease was falling, but
still high and there was little more
than rest that could be prescribed for
the tuberculosis patient in the hope
that resistance to the organism
would eventually be developed by
the host. Streptomycin proved to be a
highly effective tuberculocidal agent.
However, the organism rapidly
developed resistance to the anti-
biotic and it soon became evident
that treatment with streptomycin
had to be reserved for critical situa-
tions. However, continued effort in
this field has led to the introduction
of a substantial number of tuber-
culocidal or tuberculostatic drugs
which, when given in combination,
can halt progress of the disease, pre-
vent the development of resistance,

, and eventually effect a cure.
Although other factors, as yet not

understood, have led to major de-
creases in tuberculosis incidence
rates, chemotherapy has neverthe-
less saved many lives.

Venereal disease (which includes
syphilis and gonorrhea as the major
diseases) underwent a rapid and
dramatic reduction in incidence, in
residual complications and in
mortality during the 1940s and
1950s. Their results reflect the
combination of effective drugs for
treatment and vigorous control and
educational programs. In 1919 there
were 113 cases of syphilis per
100,000 population reported to the

. Public Health Service. This inci-
dence rose to 213 in 1963 and to 447
per 100,000 in 1943 and fell to 68 per
100,000 in 1960, and has since risen
again. Yet, syphilis as a cause of
death has been reduced dramat-
ically. In 1900, 12 persons in each
100,000 died from the cause. In 1960,
the rate was 1.7.e The infant mortal-
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ity due to this disease was 140.3
deaths per 100,000 live births in 1916,
compared to 0.7 in 1959.8

Corrective (Pharmacodynamic)
Drugs—This group of drugs acts
directly on the host to correct physio-
logical or biochemical abnormal-
ities. None is capable of curing a
disease, but they can reverse patho-
logical processes to the extent that
the patient can enjoy a long and
productive life. The list of pharma-
codynamic agents that have been
introduced within the last few dec-
ades is long. It includes new gen-
eral anesthetics, hypnotics, anti-
convulsants, local anesthetics,
neuromuscular-blocking agents,
drugs for Parkinson's disease, anti-
p s y c h o t i c s , a n t i d e p r e s s a n t s ,
antihistamines, antiarrhythmic
drugs, antihypertensive agents,
hypoglycemic agents, diuretics, anti-
inflammatory agents, drugs for the
treatment of gout, etc. Some of the
diseases for which these drugs are
employed can be fatal, others crip-
pling, and still others only dis-
comforting. All of the classes of
drugs mentioned above have toxic
potentials. One of the oldest and most
familiar agents, used since the eight-
eenth century, is digitalis, still the
mainstay in the treatment of heart
failure. Originally employed as a
crude Galenical preparation, the
chemically pure glycosides of the
plant (Foxglove) are now available.

Digitalis has the lowest range of
safety of any of our commonly used
agents. If the therapeutic dose is
exceeded b^ 50 percent, death can re-
sult. However, since it has been with
us for close to two centuries, the
physician has gained respect for both
its efficacy and toxicity. No effec-
tive substitute has been discovered
during this long period of time.

One of the major contributions in
pharmacotherapy has been the
introduction of drugs for the treat-
ment of certain types of mental ill-
ness, including psychoses. Mental
illness has probably always been
present.

In the United States its impor-
tance, at least as measured in terms

of reported incidence and of num-
bers of patients occupying beds in
prolonged-care hospitals, increased
steadily until 1955. The introduction
of tranquilizing and antidepressant
drugs combined with other changes
in therapy and changes in attitudes
toward mental illness coincided with
a decline in state mental hospital
populations from 558,000 in 1955 to
338,592 in 1970 as shown in Exhibit
6-1. Prior to 1954, the average in-
patient hospital stay was eight years,
l)ut by 1968, the average stay had
been reduced to 1.4 years.7

A number of factors were operat-
ing in this picture. The apparent rise
in the incidence of mental illness and
of hospitalization because of it
(which exceeded the rate of growth in
the population) were probably reflec-
tions of changing patterns of life, in-
creasing urbanization, recognition of
patterns of illness which previously
had been ignored, and changing con-
cepts of treatment. The dramatic
shift in the patterns of therapy which
began in 1955, ambulatory treat-
ment instead of prolonged in-patient
care, earlier release from hospitals,
etc., seem to have been due at least in
part to the introduction of new
chemicals — n e w p s y c h o t r o p i c
agents. The first of these drugs to be
of proven value was reserpine. This
was largely rep laced by the
phenothiazines of which chlorpro-
mazine is the prototype drug. Final-
ly, it must be noticed that statistics
do not reveal the entire story of this
success. As a result of new avenues
for treatment of mental patients, the
atmosphere in mental hospitals has
changed markedly. Patients who
were restricted to maximum security
wards are now permitted freedom.
Formerly incommunicative patients
have become cooperative and are
candidates for group psycho-
therapy. The duration of hospitaliza-
tion has been greatly reduced and in-
mates who would have represented a
financial responsibility for the state
for their lifetime have been returned
to their homes and after to their jobs.

One of the outstanding advances of
the past decade has occurred in the

treatment of gout. Gout, which can be
a life-threatening disease, is due to a
biochemical defect in the production
of uric acid or a physiologic defect in
its excretion. The disease may cause
death from renal failure as a result of
the deposition of urate stones in the
kidney. Other individuals may be
crippled from gouty arthritis. Two
classes of drugs have been developed
for the control of gout: uricosuric
agents that lower blood levels by
enhancing urinary excretion (such as
probenecid), and another type of
compound that blocks the formation
of uric acid (such as allopurinol).
Gout is still not a curable disease.
However, control over its manifesta-
tions and its ultimate prognosis have
been improved through the use of
these drugs and patients who have
sustained a limited amount of renal
damage can benefit to the extent of
complete remission.

Antihypertensive drugs have
established themselves as effective
agents in changing the course of pro-
gressive hypertensive disease al-
though they are by no means cura-
tive. A large number of these agents
are available and they are used singly
or in combination. When used early
in the course of hypertension, they
can prevent the pathological changes
that occur in blood vessels and even-
tually result in malignant hyper-
tension. In the case of malignant
hypertension and hypertensive
crises, blood pressure can be re-
duced and the life expectancy of the
patient prolonged.

Major advances have been made in
the area of diuretic drug therapy.
These drugs are widely employed for
the treatment of the edema of heart
failure and the ascites of hepatic cir-
rhosis, where mobilization of edema
fluid is of extreme importance, and
where, the use of diuretics greatly re-
duces the necessity for rigid salt
restriction in these patients and thus
allows life to be much more com-
fortable. Only a few decades ago
organic mercurials were the only
available effective agents and had to
be given by injection. This class of
diuretic agents had to be used with
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caution since, if not rapidly excreted,
they can exert toxic effects on the
kidney. Nevertheless, they were the
definitive therapy of the time.
Tremendous strides in the develop-
ment of highly effective and safe oral
diuretics have been made in the past
ten years. Representative examples
are chlorothiazide, furosemide and
ethacrynic acid.

Palliative Drugs—Palliative drugs
contribute to the comfort of a patient
without curing any biochemical or
physiological abnormality. Physi-
cians may have a feeling of inade-

quacy when they can offer only
palliative therapy, but even in this
instance drugs can make a major
contribution, since palliation is a
very important function of the physi-
cian. Following pallinative (the relief
of pain], functional, social, and eco-
nomic r e h a b i l i t a t i o n may be
achieved. Some palliative drugs are
used for the relief of pain in minimal
disorders such as simple headache,
myositis, menstrual discomfort, etc.
while others block the pain of major
disease such as cancer.

Drug cure of malignancy has been
achieved only for rare types of that

disease. In certain instances (for
example, acute leukemia) life expect-
ancy has been increased from a few
months to three or more years. In
other situations, patients may enjoy
remission of symptoms and live a
productive life even though life
expectancy and the natural history of
the disease are essentially un-
changed.

Although not always regarded as
such, methadone can be a palliative
drug in the treatment of narcotics
addiction. When methadone therapy
is p rope r ly s u p e r v i s e d , the
rehabiliatation of the addict can be

EXHIBIT 6-1
DECLINE IN STATE MENTAL HOSPITAL POPULATION

(1950-1970)
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extensive despite the fact that his
addicted state is in no way in-
fluenced.

Substitutive Drugs—Substitutive
drugs comprise natural or synthetic
substances for the treatment of
diseases associated with their defi-
ciency in the organism. Many of these
are endocrine or hormonal sub-
stances. Many deficiency states tan
be treated effectively to correct the
manifestations of the deficiency. For
example, a hypothyroid patient can
be returned to a normal state with the
use of thyroid extract or more
recently of synthetic, chemically-
pure thyroid hormones. The patient
with adrenal insufficiency was at one
time given little chance for survival.
Now, however, with the availability
of synthetic corticosteroids he can
lead a long and productive life.

Prevent ive (Prophylact ic )
Drugs—Prophylactic drugs are those
used to prevent the occurrence of a
disease process. The best known per-
haps are those biological prepara-
tions prepared specifically to counter
infectious disease. Anti-polio-
myelitis vaccine and smallpox vac-
cine are two well-known examples.
Poliomyelitis has been the subject of
a recent study aimed at estimating
the monetary benefits which have ac-
crued from the development and use
of polio vaccines. These estimates
were based on an expected incidence
of polio of 36,000 cases per year and a
mean dollar loss of $1,350 per case
(reflecting both direct treatment
costs and losses in earning power
from death and disability.]8

The prophylactic use of penicillin
to prevent recurrences of rheumatic
fever is commonplace. Many pa-
tients with recurrent pyelonephritis
are placed on drug therapy for an
indefinite period of time in order to
protect them from life-threatening
recurrent renal infection.

HAZARDS

Any d i scuss ion c o n c e r n i n g
hazards of drugs has to take into
consideration the balance of risk vs.

benefit expected in their use. Toxic
effects which may be acceptable for a
drug to treat cancer or a life-threaten-
ing infection are hardly acceptable in
a drug to relieve relatively mild
conditions.

The toxicity associated with
administration of a drug can be pre-
dictable or unpredictable. Among the
predictable toxicities are those
which represent an extension of the
pharmacological action of a drug
which was observed in animal
studies. For instance, a drug that
lowers blood pressure may lower the
blood pressure too far in some
individuals. A drug which decreases
ability of the blood to clot may in
some individuals have too great an
effect and thus cause bleeding. How-
ever there are other varieties of tox-
icity which cannot be predicted,
either from the known pharma-
cology of the drug or from animal
studies. Allergic reactions such as
bone marrow depression or severe
skin eruptions are examples. Other
toxicities may be caused by some
unique factor in a particular patient
so that he would respond differently
to a drug than the average patient.
The predictable toxic effects can
usually be observed when the drug is
given to a relatively small human
population whereas unpredictable
toxic effects can often only be de-
tected after the drug has been given
to a large number of people with dif-
ferent genetic backgrounds.

In recent years a number of
lazards of drug therapy have at-
racted special attention.

1. Drug Interactions

Patients who receive more than one
drug at the same time may experience
an unexpected adverse reaction. This
is now a particularly important prob-
lem because of the large number of
drugs which are likely to be pre-
scribed simultaneously. Fortunately
pharmacological studies have
pointed out the mechanism for some
of the more harmful drug inter-
actions, whose possible occurrence is
now predictable. Not only is it pos-
sible for a drug to influence the ac-

tion of another drug but is has
recently been found that exposure of
humans to certain environmental
chemicals, i.e., insecticides, atmos-
pheric pollutants and cigarette smok-
ing, may influence drug action. This
new type of interaction must be ex-
plored to determine its full signifi-
cance in drug therapy.

2. Long Term Safety
and Efficacy

Concern has been expressed about
the safety and efficacy of new drugs
which have to be given for prolonged
periods. This is especially the case
for a drug which has a novel mode of
action. An example of such a drug is
L-dopa which must be given for years
to treat patients with Parkinson's
disease. Pharmaceutical firms were
required by the FDA to conduct
special clinical studies after the
drug's NDA approval in order to
evaluate long-term safety and effi-
cacy. Questions have also been
raised about the long-term safety and
efficacy of drugs which have been
used for a number of years. Recently
such concern has been expressed
about the widely used oral anti-dia-
betic agent, tolbutamide. Although
the results of the long-term study
with tolbutamide (five to eight years)
are disputed, an increased number of
deaths were observed in diabetic pa-
tients receiving the drug over those
receiving insulin or on diet alone.

3. Safety of Drugs in
Infants and Children

Information exists that the young,
especially newborn infants, are more
sensitive than adults to adverse
effects of drugs. An example is brain
damage which may result when cer-
tain sulfa drugs are given to the new-
born (kernicterus). However, much
of these data about potential toxicity
of drugs in the young come from
studies carried out in young ani-
mals. A number of anticonvulsants
and antibiotics have a warning in the
information to physicians (labeling)
against their use in children below a
certain age. The difficulty in estab-
lishing criteria for safety and effi-
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cacy of pediatric drugs has led to the
use of the term "therapeutic orphan"
to describe children who can't receive
certain medication for lack of ade-
quate testing.

4. Teratology (Birth Defects)

The thalidomide tragedy in the
early 1960's caused great concern
about the possibility of drugs in-
ducing congenital malformations.
Except for certain potent drugs used
to treat cancer, there is no clear evi-
dence that drugs in general use cause
birth defects. One of the most diffi-
cult problems is determining the
significance of malformations pro-
duced in experimental animals when
high doses of a drug are given in
terms of possible risk in humans.
Such a commonly used drug as aspi-
rin causes malformations when given
under experimental conditions to
rats, In view of the serious nature of
birth defects, labeling of almost all
new drugs, and for that matter many
old ones, carries a warning about the
use in pregnancy, especially during
the first three months.

5. Carcinogenic Threat

Perhaps the greatest concern about
toxicity in recent years has been the
implied threat based upon animal
experiments which suggests that a
new drug, or for that matter even old
drugs, may have carcinogenic ef-
fects. Our scientific knowledge for
the interpretation of results of such
animal tests in terms of potential
harm is still most primitive. The long
latency period in humans (ten or
more years) from the time of expo-
sure to an observed effect makes it
difficult to establish a cause-and-
effect relationship in man. Some of
the problems faced in establishing
safety of drugs in terms of possible
carcinogenic risk are illustrated by
the following examples.

a] Oral contraceptives. The find-
ing of breast tumors in beagle dogs
after prolonged exposure to certain
steroid oral contraceptives has led to
the removal of these drugs from
medical use until the nature of these
tumors is determined and the possi-

ble carcinogenic risk to human fe-
males is established. It will require
many years of monitoring a large
fraction of the women exposed to
these particular contraceptives to
determine whether an increased inci-
dence of breast tumors will occur.
The legitimate concern that new oral
contraceptives may cause cancer
may be having a dampening effect on
research' on chemical methods for
population control.

b) Estrogens. These compounds
have long been known to cause can-
cer in mice, but in the thirty years of
their wide use in human beings no
such effect had been reported until
recently. Evidence is strongly
suggestive that young women whose
mothers had taken a synthetic estro-
gen, diethylstilbestrol, in large doses
during pregnancy were at increased
risk of developing vaginal cancer.
This observation is under intensive
study to determine the extent of the
problem and the mechanisms in-
volved.

c) The anti-tuberculosis drug,
isoniazid, has been shown to be
carcinogenic in experimental ani-
mals when given in high doses.
Despite the wide use of isoniazid for
protracted periods of treatment,
there is no evidence thus far that the
drug has produced malignant lesions
in man.

6. Mutagenic Risk

There is increased concern that
chemicals in our environment can be
mutagenic. Tests in animals and bac-
teria are now being carried out with
many substances, but the relevance
of such tests in terms of human risk is
not known. Recently, certain pheno-
thiazines have been shown to be
mutagenic in some of these tests. It
would indeed be unfortunate to lose
the use of these valuable drugs for the
treatment of mental disease before
the meaning of this observation is
understood. There is some question
that routine testing of all new drugs
for mutagenicity will be required.
This would present an entirely new
set of problems in evaluating the
safety of new as well as old drugs.

TRENDS

1. Drug Industry

The total value of domestic and
worldwide shipments of U.S. drug
manufactuers is currently around $7
billion/year. Exhibit 6-2 shows the
value of manufacturers' shipments of
all drugs from 1939 onward. It also
includes estimated pro jec t ions
through 1980.

In the 30-year period from 1939 to
1969, drug industry shipments in-
creased over 1,600 percent. Note in
particular the very large expansion
during and after World War II. The
data in Exhibit 2 show that the
pharmaceutical preparations seg-
ment of the industry accounts for 90
percent of the value of the manu-
factuers' shipments for any one year
while medicinals and botanicals ac-
count for about 7 percent and bio-
logical 3 percent. The 1980 projec-
tion of $16.1 billion is based on a
continuing average annual growth
rate of 9 percent.

The U.S. pharmaceutical industry
has repeatedly been singled out as
one of the most research intensive of
American industries.10 There have
been several reviews of the research
and development investments in the
drug industry. Figures completed by
both the National Science Founda-
tion and the Pharmaceutical Manu-
facturers Association have demon-
strated that investments in research
and development by members of the
pharmaceutical industry have risen
with time.11 According to PMA
figures R&D expenditures have risen
during the 20-year period of 1950 to
1970 from $39 million to $616
million, an increase of over 1,500
percent or an annual rate of increase
of 14.8 percent. In a similar period,
the va lue of m a n u f a c t u r e r ' s
shipments of pharmaceuticals rose
from $1.45 billion in 1951 to an
estimated $6.8 billion in 1970, an
increase of 480 percent or 7.4 percent
annually. (These research and
development investments will be
considered later in Chapters 12 and
13 and Appendix C which contain
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EXHIBIT 6-2

MANUFACTURERS SHIPMENTS OF COMPONENT PARTS OF DRUG INDUSTRY
(Millions)

Year

1939
1947
1954
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1975
1980

(S.I.C. 283)
Drug Industry

$ 386
1,197
2,048
2,977
3,129
3,214
3,312
3,541
3,716
3,922
4,403
4,825
5,301
5,645
6,228
6,790?)
7,400'
8,065'

10.4442

16,0702

(S.I.C. 2834)
Pharmaceutical Preparations

Industry3

$ 338
941

1,700
2,592
2,692
2,772
2,927
3,142
3,314
3,571
4,050
4,432
4,696
5,008
5,529
6,020'
6,556'
7,140'

(S.I.C. 2833)
Medicinals and

Botanicals Industry3

$ 29
218
281
322
369
351
284
296
306
253
256
285
445
N.A.
N.A.
N.A.
N.A.
N.A.

(S.I.C. 2831)
Biologicals Preparations

Industry3

$ 19
38
67
64
68
91

101
103
96
98
97

108
160
N.A.
N.A.
N.A.
N.A.
N.A.

Source: U.S. Department of Commerce, Census of Manufacturers
1 Estimate by U.S. Department of Commerce, B.D.S.A. Outlook 1972
2 Estimate based on 9 percent average annual growth rate.
Note: These data include the value of both primary and small amounts of secondary products for each Industry.
3 As categorized by the Federal Government.( ) Pharmaceutical Preparations Industry primarily engaged in manu-
facturing or processing drugs Into pharmaceutical preparation for human or veterinary use. Medicinals and
Botanicals Industry primarily engaged in manufacture of bulk medicinal organic and Inorganic chemicals and in
processing bulk botanical drugs and herbs. Biologicals Preparations Industry primarily engaged In the production
of bacterial and virus vaccines, toxoids and analogous products, serums, plasmas and blood derivatives.

discussions of economic aspects of
research and development and
regulation.)

The intermediate output of this
system can be thought of as the
number of applications submitted to
the Food and Drug Administration to
market a new drug entity. (The regu-
latory laws of the FDA since 1938
have required the filing and the
approval of a New Drug Applica-
tion—an NDA—before permission is
granted to introduce a new drug into
interstate commerce. Since 1962, a
prospective manufacturer has been
required to submit to the FDA an
application for approval of a new
drug under investigation—an
IND—before clinical experimenta-

tion prior to an NDA.) Exhibit 6-3
lists the number of NDA's submitted
to the FDA for approval between
1950 and 1970 together with the
number of NDA's approval each year.

It is instructive to examine the ulti-
mate output by examining the
totality of new products introduced
into the market place. Exhibit 6-3
lists these totals for the years 1950 to
1970. There is an obvious peaking of
new products during the middle
1950's followed by a decline. In
Exhibit 6-4 the totals are further
divided into types of new drug entity
according to four classes—new
single chemicals, duplicate products,
combination products, and new
dosage forms.

2. Aspects of Drug Development

Although society has benefited
from drugs and from pharma-
ceutical development, it is also prob-
ably true that there has been some
degree of over-expectation and over-
promotion. For one thing, the public
concerned with drug development,
nor has it been privy to much of the
technical detail. Pharmaceutical
manufacturers traditionally have
promoted their products directly to
physicians. The notion of risk along
with benefit for therapeutic drugs
has generally not been a common
public image until, perhaps, recent
years. From time to time cracks have
appeared in what was -otherwise
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EXHIBIT 6-3

Calendar
Year

1950
1951
1952
1953
1954
1955
1956
1057
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

Original
NDA

Receipts'

359
319
325
303
400
501
415
420
353
378
322
245
222
192
160
221
216
128
108
60
87

NDA's
Approved

245
236
244
243
278
357
295
246
219
257
188
137
85
70
70
50
50
74
56
39
53

SOURCE: NOA & IND Data Supplied by
FDA
New Chemical Entities - Paul
de Haen, Inc., N.Y., N.Y.

1 Initial submission of original NDA's only

thought of as a watertight and to-
tally beneficial system of drug
development.*

One thoughtful observer has noted
that the "...pharmaceutical revolu-
tion has produced both public bene-
fit and public concern. Active chemi-
cals inevitably carry with them the
capacity for both good and harm."3

There has been a sizable effort in
recent years to ascertain whether or
not the large number of new drug
products placed on the market repre-
sent a true net benefit. The argu-

*lt is interesting that it has been under the
climate of crises concerning new drugs that
major revisions in the Food, Drug and Cosmetic
Act have been passed by Congress. In 1938, this
basic drug regulatory structure was born
folowing on a series of deaths due to an
inappropriate and untested solvent used in the
drug, sulfanilimide. The 1962 drug amendments
came in the wake of the thalidomide disaster.
Insert Exhibits 5 and 6
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ments are usually based on the obser-
vations that the total number of new
drugs (new chemical entities, dupli-
cate single products, compounded
products and new dosage forms)
swelled considerably during the
1950's and then tapered off. The
question usually posed is how many
of the drugs marketed have repre-
sented significant therapeutic ad-
vances and what has been the rate of
their entry into the market. A recent
review by the FDA of this subject has
suggested that, while the total
number of new drug applications has
declined since the 1950s, the rate of
submission and approval of drugs
representing important therapeutic
advances has remained generally
constant over twenty years,12 Exhib-
its 6-5 and 6-6 are taken from this
study. The problem with this type of
analysis is that it becomes a "battle of
lists" and rests clearly on the judg-
ment of which drugs represent
significant advances or benefits.
Bloom, in a review of the intro-
duction of new single entity drug
products between 1941 and 1970,
noted that while the total number of
"basic new agents" introduced each
year declined in the 1960's, some
classes regularly achieved approval
while others did not. Thus the rate of
introduction of new antibiotics did
not decline along with central
nervous system drugs and anti-
cancer drugs. Drugs for cardio-
vascular and pulmonary diseases are
not notably common among these
lists.1"

There continues to be much dis-
cussion over the character of re-
search and development carried out
or underwritten by the drug in-
dustry. Here the question posed con-
cerns what type of research really
contributes to the output of signifi-
cant new drug opportunities.

The following points do seem clear.
With an accelerating investment in
R&D by the drug industry, there has
been an increasing turn by it toward
a quest for more fundamental knowl-
edge. The establishment by some
drug firms of research institutes is a
reflection of this trend. In a study of
sources of innovation in the pharma-
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ceutical field, Mansfield et oJ have
noted that external sources (such as
universities, hospitals and research
institutes) have played a major role
in the technological program of the
ethical pharmaceutical industry in
the United States."Interestingly, the
importance of external sources has
declined in recent years - presum-
ably a reflection of an intensifica-
tion and an increased sophistication
of the research effort within the in-
dustry.15

A mainstay of traditional pharma-
ceutical research seems to have been
medicinal chemistry. The astute
combination of organic molecular
synthesis and clinical pharma-
cology has led to a very large num-
ber of new drug entities or drugs with
improved characteristics which have
ultimately replaced older ones,
Lessened frequency or severity of
side effects, increased potency, etc.,
are among these improvements. That
this has not always been the out-

come, that molecular modifications
have produced more rather than less
toxic drugs, also seems to be an ad-
mitted fact.4 Most thoughtful ob-
servers have concluded that some
benefits do accrue from this search
for new chemical entities but that
they are not inevitable, The most ra-
tional approach appears to be one
based on an understanding of the
fundamental mechanisms of the
diseases in question. This pursuit of
hypothetical leads is clearly in the
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EXHIBIT 6-6
TRENDS IN ORIGINAL NDA'S RECEIVED, NDA'S APPROVED, NEW SINGLE CHEMICALS

AND IMPORTANT THERAPEUTIC ADVANCES

Number of Original NDA's
Received and Approved

Important Therapeutic Advances

50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
YEAR



49

best tradition of science. However, it
appears clearly that there is now a
science limitation prevailing. Burns

has observed that new drug develop-
ment which proceeded so rapidly
during the past 20 years has now

slowed mainly because advances in
biological science have failed to keep
pace with those in medicinal
chemistry.13 "
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CHAPTER 7

ANIMAL MEDICINES, FEED ADDITIVES,
AND PESTICIDES

FEED ADDITIVES AND
ANIMAL MEDICINES

Chemical materials are used
widely in the production of farm
animals both as growth promoting
agents and as medicines. There are
three main classes of materials used:

(1] Growth promoting agents—
u s u a l l y e i t h e r an t ib io t ics or
hormones.

(2) Prophylactic agents to prevent
disease.

(3) Therapeutic agents to treat
disease.

Growth Promoting Agents

About twenty-five years ago
Moore et al., discovered that the
addition of a small amount of the
antibiotic, streptomycin, to the diet
of chicks led to their more rapid
growth,1 Since then a wide variety of
other antibiotics have been shown to
produce similar effects and they are
now in widespred use. It was also
found that certain hormonally active
compounds, for example, diethyl-
stilbestrol (DES), improved both
growth and efficiency of feed utili-
zation in cattle and this class is alsp
extensively used. The use of anti-
biotics in cattle feed also proved
beneficial and became established.
By one current estimate, 80 percent of
all the animal proteins produced in
this country for foodstuff comes from
animals tha t have r e c e i v e d
medicated feeds for at least part of
their lives. Figure 1 gives examples of
g r o w t h p r o m o t i n g chemica l s
currently in use.

The economic benefit in more rapid
growth and more efficient feed utili-
zation from the use of such agents

seems well established. (See
Benefits, page 7.)

The mechanism of action of these
substances as growth-promoting
agents is not clear and has been the
subject of a great deal of debate. The
suggestions include a suppression of
normal bacterial f lora in the
intestine, or an alteration of the
metabolic rate, a relief from low-
g rade i n f e c t i o n s , a p r o t e i n
conserving effect, and in the case of
hormones, the induction of a
prolonged rapid growth akin to
adolescence. It has also been
suggested that one mode of action of
the antibiotics is to compensate for
poor management of the degree of
environmental contamination under
which the animals are raised, but this
aspect deserves further study.3

The doses used are generally low.
In the case of antibiotics, the doses
appear to lie below those useful in
countering disease organisms. There
does seem to be a positive dose-
response relationship. The larger the
dose in the feed, the greater the
growth-promotion which results.
Accordingly, the originally recom-
mended dose of diethylstilbesterol
for cattle was 10/mg/head/day. This
was l a t e r i n c r e a s e d t o 20
mg/head/day.

Prophylactic Agents to
Prevent Disease

The practice of adding pharma-
ceutical drugs (mostly antibiotics) to
animal feeds tuf fs at moderate
dosages (50 to 400 mg/kg of feed
ration) has developed partially in the
belief that disease is thereby mini-
mized or prevented. Examples of
drugs being used are shown in
Exhibit 7-1. This practice of mass
medication has become exceedingly

popular as a labor saving device with
the advent of large-scale, concen-
tration feeding arrangements for
cattle, poultry, etc. There is a wide-
spread belief that, as larger and
larger numbers of animals are aggre-
gated together, the likelihood of a
devastating infectious process has
increased proportionately. However,
this practice permits less control
over the dosages administered and
over other safety features than when
drugs are used to treat a specific
disease, animal by animal.7

It has been estimated that 1,268
tons of antibiotics are incorporated
annually into animal feeds.8

The suggested"modes of action of
antibiotics introduced into feed at
prophylactic levels presumably
include those discussed earlier under
growth promotion, with additional
reliance on their disease-controlling
capabilities.8

Therapeutic Agents to
Treat Disease

A large number of pharmaceutical
agents are employed in therapeutic
doses in veterinary medicine just as
they are in human medicine for the
t rea tment of specif ic diseases.
Examples are listed in Exhibit 7-1.
Sales of U.S. manufactured pharma-
ceutical products for veterinary use
in 1970 amounted to $256MM
domestic and $171MM foreign. In
general, these drugs are employed
well in advance of the use of the
animal for food.

Quantities Used

A 1969 Department of Agriculture
survey of the livestock feed industry
is one recent indicator of the extent of
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usage of feed additives. This indi-
cated a total production of 96 million
tons of livestock feed. It is estimated
that 50 percent of all feeds produced
contained animal drugs and that
nearly all feeds contained some non-
drug additives (food additives,
chemical preservatives, etc.). The
FDA has estimated that of all the
animal protein produced, 80 percent
comes from animals which have been
fed medicated feeds all or part of
their lives. An approximate dollar
value (1970) of drugs at feed mills or
other feed outlets is as follows:

($'s million)
Antibiotics 72
Arsenicals 3
Coccidiostats 27
Antihelmithics 5.3
Histomonostats 3
Nitrofurans 12
Diethylstilbestrol 2.8

Hazards

With roughly twenty years'
experience in the use of growth
promoters as animal feed additives
there continues to be a great area of
uncertainty and controversy over the
degree to which these substances
represent a hazard. The suggested or
implied risks are of several types:

1. Residues of drugs used in animal
feed emerging in the meat for human
consumption.

2. Development of antimicrobial
resistant pathogenic bacter ia
harmful to other animals.

3. Development of resistant
bacteria potentially pathogenic to
man.

4 . T r a n s f e r o f p a t h o g e n i c
organisms from animals to man:

a. Drug residues—Residues of
diethylstilbestrol have been the
subject of a great deal of attention.4

Deithylstilbestrol has a number of
recognized uses in human drug
therapy. Since the early 1940's, it has
been recognized that DES can
produce both benign anl malignant
tumors in experimental animals in
high doses.

Of more concern was the recent
finding of vaginal cancer in a number
of young women whose mothers had
taken DES during pregnancy (at
therapeutic levels enormously higher
than those used in feeds). Recent
findings of the U.S. Department of
Agriculture by tracer techniques, of
residues, presumed to be DES, in
meats are the basis for action by the
Food and Drug Administration to
cancel the use of this chemical as a
feed additive.

b. Development of resistant
s t r a i n s o f p a t h o g e n i c
organisms—One of the consequences
of the treatment of a disease caused

by a microbial organism with anti-
biotics may be the development of a
strain of resistant organism which
can survive for fu r the r repro-
duction. It may involve a genetic
alteration in the microorganism.
Alternatively, it has been suggested
that a trait of resistance (R-factor)
may be cultivated and, itself, passed
on genetically. Whatever the
mechanism, the phenomenon is
recognized as a real one.

There is evidence of an increase in
the number of strains of enteric
bacteria of animal origin which show
resistance to one or more antibiotics.

EXHIBIT 7-1

EXAMPLES OF DRUGS AND OTHER PROMOTING CHEMICALS
ADDED TO ANIMAL FEEDS IN THE UNITED STATES

Hormonal

Diethylstilbesterol
Zeralanol
Dinestrol diacetate

GROWTH PROMOTANTS

Arsenicals

Roxarsone

Antibiotics

Chlor^tetracycline
Bacitracin
Oleandromycin
Tylosin
Sulfamethazine

USED FOR DISEASE PROPHYLAXIS

Antibacterlals

Chlortetracycline
Furazolidone
Racephenicol
Bacitracin

Antimycotlcs

Copper sulfate
Griseofulvin

Antiprotozoals Pesticides

Aklomide
Buquinolate
Amprolium
Zoalene
Ipronidazole
Monensin

Ronnel
Coumaphos
Famphur

Anttielmintics

Coumaphos
Hygromycin

Physiological Disease Prevention

Antibloat—poloxalene
Ketosis—propylene glycol
Aortic rupture—reserpine

USED FOR DISEASE TREATMENT

Bacterial Antfmycotics Antiprotozoals Anthelmintics

Novobiocin Griseofulvin
Sulfaethoxypyridazine Nystatin
Oxytetracycline
Furazolidone
Streptomycin

Sulfadimethoxine
Amprolium

Dichlorvos
Levamisole
Thiabendazole
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Benefits

The benefits of pharmaceutical
agents in the treatment of specific
diseases do not appear to be in ques-
tion. These are of the same order as
those enjoyed in human medicine.

The ut i l i ty of hormonal and
various antibiotic substances as
growth-promot ing agents when
added to feed has been the subject of
several reviews.3 6 910 The growth-
promotion properties (measure in
terms of increased rate of growth and
efficiency of feed conversion) has
been analyzed for the case of diethyl-
stilbestrol and cattle.10 In steers, the
addition of diethylstilbestrol to feed
will increase their rate of weight gain
by 15 percent, feed conversion by 11
percent and will lead to the addition
of 18 percent more protein to the
carcass.4 The corresponding figures
for lambs are 25 percent increase in
rate of weight gain and 25 percent
increase in feed conversion.2 Melen-
gestrol acetate has found some utility
as an additive to feed for heifers.
Here, the increase in weight gain has
been estimated as 10 percent with an
8 percent decrease in feed consump-
tion.4 One estimate suggests that
(until recently) 90 percent of heifers
fed received diethylstilbestrol or
melengestrol acetate.6

There have been several recent
attempts to document the utility of

antibiotic substances in feed as
growth promoting agents.3 6 10 In
1969, in a review of the use of anti-
biotics in animal feed and for veter-
inary use in Great Britain (Swann
Report), the benefit as growth-pro-
motan t s of antibiotics was
examined.6 This report'summarized a
number of American findings and
described the utility of the British
agricultural industry.

The degree of growth-promotion
appears to vary among species and
among antibiotics. The degree of
benefit also varies with the age of the
animals and with the environmental
conditions and in which they are
raised. A recent FDA task force
report noted that "the observation
'.hat degree of environmental
contamination is associated with
degree of antibiotic response implies
that antibiotics may be a partial sub-
stitute for good management.3 This
task force concluded that the efficacy
of antibiotics as feed additives was
properly the subject of further study.
The economic benefit to meat pro-
ducers of the feed use of antibiotics
was estimated as $414 million in
1970 roughly half of which comes
from swine (Exhibit 7-2).3

The benefits associated with
moderate dosages of antibiotics in
feedstuffs as a way of disease pre-
vention seems to be less well under-

EXHIBIT7-2

ESTIMATED ECONOMIC VALUE OF ANTIBIOTICS TO
FARM ANIMAL PRODUCERS AND TO THE

PHARMACEUTICAL INDUSTRY1

Annual Economic Value ($ thousands) to:

Animal Class

Broilers
Turkeys
Swi ne
Cattle

Total

Producers
(1970)

33,120
13,920

202,489
164,606

. . 414,135

Pharmaceutical
Industry
(1968-69)

2 173
584

46,400
14,874

64030

Source: FDA Task Force report on "The Use of Antibiotics in Animal Feeds" 1972.

stood. Whitehair and Pomeroy noted
some of the difficulties in making this
assessment and pointed out the
degree of uncertainty and con-
tention.7 The recent FDA task force
observed that while the control of
clinical illness in animals was an
effective short-term use of anti-
biotics, the efficacy 'of long-term
feeding at subtherapeutic levels had
not been demonstrated.

PESTICIDES

Introduction

Man has struggled through the
centuries to protect himself, his food,
and belongings from the ravages of
pests. Among the tools he has long
used and more recently developed in
numbers are pesticides—chemicals
that kill or suppress pests. Some
naturally occurring chemicals such
as pyrethrum and sulfur have been
used for centuries to kill pests. For
example, "pest-averting" sulfur was
recommended by Homer, and arsen-
icals were known to the Greeks,
Romans, and Chinese some 3,000
years ago. Ground tobacco (nicotine),
kerosene, and turpentine have been
used as insecticides since the 18th
century. Inorganic compounds such
as Paris green, lead arsenate and
lime-sulfur combinations came into
use in the 19th century and were in
common use by the 1920's.

The discovery of the insecticidal
properties of DDT in 1939 and of the
herbicidal value of 2,4-D in 1941
revolutionized man's use of pesti-
cides. The synthesis and testing of
literally thousands of chemicals
followed. Extensive screening and
testing eliminated most of them, but
more than 900 active pesticidal
compounds survived and are in use in
the United States today in a great
variety of preparations. The total
dollar value of pesticides produced in
the U.S. has risen rapidly, being $307
million in 1960 and $1.1 billion in
1969r;. This dramatic increase is due
largely to the economic value of these
chemicals in increasing the efficiency
of production and marketing of agri-

528-750 O - 73 - 5
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cultural products. It should be
pointed out, however, that most of
the crop acres in the U.S. are not
treated with insecticides, suggesting
that farmers depend primarily upon
the natural course of events or non-
chemical means of controlling or
limiting pest insects.

Pesticides vary greatly in their
spectrum of toxicity of organisms.
Some kill a wide variety of orga-
nisms, not only the target pests.
Research is underway to replace
these "broad spectrum" non-selective
chemicals with more selective
chemicals which harm a narrower
spectrum of organisms.

Most pesticides are contact
chemicals, i.e. they are effective only
if they are sprayed directly on the
target pests or if the pests come in
contact with chemicals which have
been sprayed on the surface of leaves
and other plant parts. Since many
pesticides lose their effectiveness
rather quickly after application due
to photochemical breakdown or
removal by rain, frequent sprayings
are required, especially in humid
climates. A few chemicals are
"systemics" which are absorbed by
the roots or aerial plant parts and are
translocated throughout the plant,
thereby providing a built-in pro-
tection against the target pest, some-
times throughout most of the
growing season. Systemics have
many advantages, although their
residues must be lowered to safe
levels before harvest.

The quantities of organic pesti-
cides needed to control pests
commonly vary from a few tenths of a
pound to about 10 pounds per acre.
Residues remaining from such appli-
cations of even the more persistent
pesticides are commonly found to be
a few parts per billion or even a few
parts per, trillion. Such small but
effective dosages are reminders of
the high potency of these chemicals.

Pesticide usage is normally
associated in the mind of the public
with commercial agriculture. In the
United States about 50 percent of
these chemicals is used to protect
crops and animals from pests. The

remainder is used mostly by
industry, governmental agencies and
home owners. The most important
and world-wide use of pesticides is
for the control of mosquitoes, lice and
other pests which can transmit
human diseases such as malaria,
yellow fever and sleeping sickness.
Other important uses include control
of insects and disease organisms
which attack food and fiber during
p r o c e s s i n g a n d m a r k e t i n g ;
preservation of wood products from
termites and fungus attack; control of
household and garden pests; and
direct medicinal use in the treatment
of pediculosis lice and scabies.

Types

Pesticides are commonly classified
according to the target organisms to
be controlled. Thus they are termed
insecticides, fungicides, herbicides,
nematocides, rodenticides, etc. A few
of these chemicals are inorganic or
metal-organic combinations, but
most are synthesized organic com-
pounds. They have been screened
from thousands of candidate
chemicals and their efficacy and
safety determined. Examples of
different classes of pesticides are
shown in Exhibit 7-3.

Insecticides

Until recently, most public
attention and concern have been
directed to insecticides. This is
probably due to the fact that a larger
quantity of these chemicals is used
than of any other class of pesticides.
It also results from the publicity
given DDT and other chlorinated
hydrocarbons, prompted by their
persistence in the environment and
toxicity to non-target organisms. The
slow biodegradability of chlori-
nated hydrocarbons is a desirable
characteristic from the point of view
of efficacy in pest control; but,
unfor tunate ly , these chemicals
persist in the environment, ulti-
mately accumulate in the natural
food chain and thereby can cause
serious ill effects to non-target

organisms such as fish, birds, and
other wildlife.14

Most insecticides are termed
"broad spectrum." They are toxic to
many species of insects other than
the target organism, including in
some cases predators of the very
organisms to be controlled. This fact,
coupled with the breakdown or wash
off of the toxicant may make it
necessa ry to make f r e q u e n t
applications during a crop season,
thereby increasing the possibilities
of residues in soils, water and plants.

The mode of action of most chlo-
rinated hydrocarbons is uncertain.
DDT, which has been in use through-
out the world since World War II, is
thought to affect the central nervous
system of the target organisms,
although its effect on fish is
apparently through blocking of
oxygen uptake at the gills.

In addition to the chlorinated
hydrocarbons, two other general
types of insecticides are currently in
use in the United States—the organo-
phosphates and the carbamates.
These groups are generally more
readily biodegradable than most of
the chlorinated hydrocarbons and
hence are less apt to persist in nature.
They can adversely affect non-target
organisms, however, and in the case
of the organophospates, are much
more toxic to humans than are most
chlorinated hydrocarbons.

The organosphosphates are gen-
erally somewhat more versatile than
the chlorinated hydrocarbons mostly
because they are more readily biode-
gradable. A few are very excellent
systemics since they are trans-
located from the point of absorption
throughout the plant , thereby
protecting the plant against piercing,
sucking insects. Together with their
fairly rapid biodegradability, these
characteristics give them some
advantages over the chlorinated
hydrocarbons.

The carbamates have come into
prominence as insecticides only in
the past few years. They are readily
degraded in vivo and generally have
a lower mammalian toxicity than the
organophosphates, though some are
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highly toxic. Carbamates can be used
effectively in integrated control
programs. Together, the carbamates
a n d o r g a n o p h o s p h a t e s o f f e r
promising replacements for the more
persistent of the chlorinated hydro-
carbons.

The primary mode of action of both
the organophosphates and the
carbamates is the inhibition of the
neural enzyme acetylcholinesterase.
The organophosphates are particu-
larly potent inactivators of this
enzyme.

Fungicides

In crop production farmers use
fungicides less than insecticides or
herbicides. This is due largely to the
development and use of disease
resistant crop varieties. Even so,
about 180 million pounds of
fungicides were used in 1969 to
control a myriad of rusts, molds, and
mildews caused by fungi and related
organisms7. Inorganic chemicals
such as copper sulfate and bordeaux
mixture are still used. Several metal-

EXHIBIT7-3

MAJOR CLASSES OF PESTICIDES AND
EXAMPLES OF EACH CLASS

Classes Examples

Insecticides

Inorganics Lead arsenate, Calcium arsenate, Sulfur
Botanicals and Derivatives ... Pyrethrum, Rotenone, Nicotine sulfate
Chlorinated Hydrocarbons .. DDT, Aldrin, Endrin, Dieldrin, Heptachlor
Organophosphates Parathion, Malathion, Diazinon
Carbamates Carbaryl (Sevin), Furadan
Dinitrophenols DNOC, Binapacryl
Oils

Fungicides and Bacterlcldes

Inorganics Bordeaux Mixture, Copper Sulfate, Lime Sulfur
Metal Organics Phenylmercuric Acetate, Ceresan, Semasan
Dithiocarbamates Vapam, Zerlate, Maneb, Nabam
Chlorinated Compounds — Captan, PCNB, Pentachlorophenol

Herbicides
Inorganics Sodium arsenate, Sodium borate, Ammonium sulfamate
Aromatic Acid Derivatives

a) Phenoxy 2,4-D, 2,4,5-T, MCPA, 2,4DB
b) Phenylacetic Fenac
c) Benzole 2,3,6-Trichlorobenzoic Acid, Chloramben, Dicamba
d) Phtalic Dacthal, Endothall
e) Phthalamic Alanap

Aliphatic Acid Derivatives ... Dalapan, TCA
Aliphatic Organic Nitrogen Compounds

a) Substituted Ureas Diuron, Monuron, Fenuron
b) Substituted Amides CDAA, Diphenamid, Propanil, NPA
c) Carbamates Cloro IPC, Eptam, Vegedex

Nitroanalines Trifluralin, Benefin
Nitrogen Heterocylics Atrazine, Propazine, Aminotriazole, Picloram

Rodentlcldes
Inorganics Arsenic Trioxide, Arsenic Sulfide
Botanicals Strychnine'
Hydroxycoumarins Warfarin, Fumarin, Tomorin
Indadiones Pival, Valone, Diphacin

organic compounds containing
copper, sulfur or mercury are
e f f e c t i v e f u n g i c i d e s . D i t h i o -
c a r b a m a t e s a r e a l s o u s e d
extensively.

Fungicides are used to treat seed, to
control leaf diseases, and to prevent
decay or deterioration after the
plants are harvested. Wood and
clothing preservatives are examples
of "after-harvest" uses as are treat-
ments to protect from decay during
marketing crops such as bananas,
citrus and apples.

Herbicides

Herbicides vary greatly in their
chemical makeup". A widely used
herbicide — 2^4- dichlorophenox-
yacetic acid (2,4-D)—is an example
of a number of organic acids or their
derivatives which have herbicidal
p r o p e r t i e s . M a n y o f t h e s e
compounds are systemics, being
readily absorbed from soil and trans-
located throughout the plant. Others
are contact chemicals and must be
sprayed directly on the growing
plant tissue to be effective. The
e f f e c t i v e n e s s of these acid
compounds is determined in part by
the nature of the associated cation,
ester, or halogen atoms in the
structure. In general, these herbi-
cides have low acute mammalian
toxicity.

The mode of action of most of these
acid derivative herbicides is
uncertain. Even though 2,4-D has
been in use since the early forties, the
mechanism by which it kills plants is
still obscure. It is known to affect
respiration, cellular proliferation,
and nucleic acid metabolism, but
which if any of these processes are
related to the lethal action is
uncertain.

A number of organic nitrogen
herbicides are in use today. Most are
"preemergence" chemicals which are
added to the soil previous to or just
after planting. The chemicals are
absorbed by the roots but are not
readily translocated to the aerial
plant parts. Their effectiveness is on
either the young seedlings or the
germinated seed. These compounds
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kill a wide range of grasses s and
broadleaf weeds and are relatively
low in mammalian toxicity.

The nitroaniline herbicides are
applied before the plants emerge
from the soil and are effective against
annual grasses and a few broadleaf
weeds. They are degraded by ultra-
violet light and so must be incor-
porated into the soil. These com-
pounds have low acute mammalian
toxicity, although one of them
(trifluralin) is quite toxic to fish.

Heterocyclic nitrogen derivatives
(triazines) such as atrazine and
propazine constitute an important
group of herbicides. Substitutions in
the triazine nucleus provide a wide
range of compounds effective on a
variety of weeds. The chemicals
markedly reduce the process of
photosynthesis in many weeds and
plants. In contrast, tolerant plants
are able to detoxify these chemicals
rendering them harmless. For
example, the ability of the corn plant
to detoxify triazines by hydrox-
ylating one of the ring positions
accounts for the tolerance of this
plant for these compounds. Most
common weed plants do not show
this ability. Such differential toler-
ance has made possible the chemical
weeding of vast acreages of corn. The
triazines have helped revolutionize
corn culture by substituting chemical
control for methods dependent upon
cultivation and land preparation.

The nitrogen heterocyclics are
commonly applied as preemergence
chemicals. They degrade fairly
rapidly in the soil but can persist long
enough after treatment of a tolerant
crop to prevent the subsequent
growth of a more sensitive crop. Thus
beans and other sensitive crops
grown after corn in soil heavily
treated with triazines are sometimes
adversely affected.

Benefits

Pesticides have contributed to
human welfare in many ways,
perhaps the most important of which
relates to human health. Pesticides
are used to control mosquitoes and
other vectors for organisms that

cause human diseases. Through
mosquito control alone, DDT is
credited with having saved 10
million lives and prevented 200
million illnesses from diseases such
a s m a l a r i a , ye l l ow f e v e r ,
encephalitis, filariasis, and dengue
fever. Other vector-borne diseases
controllable through pesticide use
include scrub typhus and sleeping
sickness caused by a protozoan
carried by the dreaded tsetse fly.

There are no accurate estimates of
the losses in agriculture due to pests.
However, estimates have been made
that worldwide, 20-30 percent of the
total food produced is devoured or
destroyed by pests,5 much of this
in the less developed nations which
can least afford it. These losses may
be due to competition from weeds,
attack of growing crops by insects,
fungi, or bacteria, or by rodents
attacking either the growing crop or
the harvested produce. At any rate,
the economic loss to pests is
enormous, probably equaling $10
billion annually in the United States
alone in spite of sophisticated
chemical and other efforts to control
them.

The agricultural revolution of the
past quarter century is due to a
considerable extent to pesticides and
other chemicals. Pesticides provide
control of insects, diseases, and
weeds which heretofore went un-
controlled or were controlled only
wi th cons ide rab le labor and
monetary inputs. The absence of
blemishes, rots, and molds on fresh
fruits and vegtables, so common in
our grocery stores a quarter of a
century ago, is due largely to the use
of pesticides. These chemicals have
helped increase agricultural pro-
duction efficiency which has
improved in the United States at an
average annual rate of six percent
during the past decade or so
compared to three percent for non-
agricultural industires.

Pesticides have generally provided
a very favorable margin of return for
farmers and ranchers. On modern,
well-managed farms one dollar
invested in pesticides is associated

with an increase in the value of farm
sales of about four dollars2. Almost
no other farm inputs rival pesticides.

Although those in the agricultural
complex who first adopt the use of
pesticides are the initial bene-
ficiaries, the ultimate beneficiary is
the consuming public. This accounts
at least in part for the fact that in the
United States the percentage of the
family income used to purchase
food was . 15.6 percent in 1971 —
lower than at any time in our history
and lower than in any other country.

Pesticides are used to control pests
in a number of "non-agricultural"
situations. For example, home-
owners protect shrubs, lawns, and
flower gardens, as well as their
homes from insects, diseases, and
weeds. Pesticides are used to protect
wood and wood products from insect,
fungus, and bacterial attack. They
are added to paints and to clothing to
reduce mildew and to pond and
swimming pools to prevent the
growth of aquatic species. The
control of unwanted vegetation along
highways and under power line
rights-of-way is an example of non-
agricultural benefits from pesti-
cides.

Pesticides are an important
component of the "Green Revolution"
which resulted from the intro-
duction of new varieties of wheat,
rice, and corn. The control of weeds,
insects and diseases is essential for
optimum performance of these new
crops, especially if they receive
adequate fertilizers. Pesticides have
proven especially effective for weed
control, and are being used exten-
sively, especially where labor is in
short supply. National average
yields of major crops are reasonably
well correlated with pesticide usage
per acre.

Toxicity and Hazards

Toxicity is the inherent capacity of
a chemical to cause harm; hazard is
the risk that, under any particular set
of conditions, harm will occur. A
highly toxic pesticide may be safely
manufactured, handled and applied
with little hazard; conversely, a
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pesticide of relatively low toxicity
may be handled or used in a hazard-
ous manner. Pesticide residues on
foodstuffs, if present in sufficient
quantities, can be toxic to man or
animals, and non-target organisms
may be affected by pesticides, either
by direct consumption of applied
chemicals or by accumulation of the
pesticide as it moves through the
food chain.

There is great variability in
toxicity of pesticides. Most figures
are based on tests with rats (oral) or
rabbits (dermal) and cannot with
certainty be extrapolated to man,
since there is a wide difference in
toxicity of the same chemical to
various organisms, even to different
species of the same genus of insects.
However, toxicity figures are
valuable as a general guide in
comparing the relative toxicity of one
pesticide with another. DDT, the
most widely used insecticide has low
mammalian toxicity. (Oral LD50=113
mg/kg; dermal LD50=2510 mg/kg.)
Even among workers in factories
where the chemical is manufactured
and in whose body tissues DDT
appears at many time the "normal"
level, there appear to be no serious
health effects. In contrast, most of the
rodenticides and many of the
organophosphate insecticides are
extremely toxic. Parathion, for
example, has acute oral and dermal
LD50 ranges of 3.6-130 and 6.8-21
mg/kg respectively. Most of the
chlorinated hydrocarbons are inter-
mediate in their toxicity while the
carbamates vary from slightly to
highly toxic to humans. Even though
chlorinated hydrocarbons have been
widely used for years human poison-
ings from their use are not nearly as
common as from the use of organ-
ophosphates.

The problem of acute toxicity of
some organophosphates is quite
serious, and accidental deaths
associated with the use of these
chemicals are not at all uncommon.
Deaths of children having access to
chemicals such as parathion have
been reported along with those of
workers occupationally exposed.

Organophosphates can be absorbed
through the lungs or by penetrating
the skin of the worker, making the
use of gloves and other protective
equipment necessary. Also, the entry
of field workers into areas recently
sprayed can be hazardous. The
testing for the acetylcholinesterase
level of workers in plants and in
fields where organophosphates are
used has helped diagnose organ-
ophosphate poisoning and has pre-
vented fatalities.

There is/ relatively little infor-
mation on the direct effect of pesti-
cides on man. In most cases infer-
ences must be drawn from animal
experiments. Only with DDT and the
aldrin-dieldrin group of chlorinated
hydrocarbons are there long-term
observations on human subjects.
These studies suggest no adverse
effect to man from present levels of
exposure to these chemicals.

There is no evidence from human
experience that pesticides currently
in use have been the cause of cancer
or birth defects in man. However, a
few animal studies at very high
dosage levels have shown such
effects as well as a few cases of
suspected mutagenesis. For example,
tumor induction in the mouse has
been found with aldrin, DDT, and
dieldrin, although the dosages used
were far in excess of those to which
man is exposed. Likewise, at very
high levels, teratogenic effects have
been demonstrated for several
chlorinated hydrocarbons, carba-
mates and organophosphates, as well
as a few pesticides among other
groups. The teratogenic effect of
dioxin impurities in 2,4,5-T and
possible 2,4,5-T itself has been well
publicized. In general, however, the
level of pesticide required to demon-
strate the carcinogenic and terato-
genic e f f e c t s is hundreds or
thousands of times that to which
human subjects are commonly
exposed. Monitoring of pesticide
residues in foods shows the levels of
pesticides present to be generally
well below those permitted by law. In
view of the conservative margins of
safety employed in setting toler-

ances for residues, normal (oral)
intake from foods is quite unlikely to
present any hazard. The chronic
effects of long-term exposure of man
to pesticides have not been fully
determined, however, suggesting the
desirability of caution and continued
surveillance and of using pesticides
only where acceptable nonchemical
means of pest control are not avail-
able.

Several characteristics of the
chlorinated hydrocarbons DDT and
deildrin have made them hazardous,
not through direct effects on man, but
through indirect effects on non-
target organisms. Their persistence
and ubiquitous nature, coupled with
a tendency for them to concentrate in
organisms as they move up the food
chain, increase their chances of
toxicity to fish, birds and other
wildlife and in turn to man. Other
chlorinated hydrocarbons may act in
a similar manner, although there are
few data to substantiate such acttjn.

DDT has been found to inhibit the
reproduction of lake trout and other
fish. The effect of this chemical and
its metabolites on birds through the
reduction of egg shell thickness and
consequent failure of reproduction
has been demonstrated in controlled
experiments. There is strong circum-
stantial evidence that DDT and its
metabolites have significantly
reduced reproduction in some bird
populations under field conditions.

The adverse effects of pesticides on
non-target organisms have aroused
public opinion perhaps more so than
possible ill effects on human health.
In fact, some changes in pesticide
usage dictated by concern for orga-
nisms other t han man have
inadvertently increased the direct
hazards to man. For example, DDT
which has relatively low mammalian
toxicity is being replaced in some
instances by some organophosphates
which are highly toxic to man.
Efforts to protect fish and wildlife
have resulted in increased danger to
man. This illustrates the very
complexity of pest control and of the
use of chemicals to attain it.
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Trends in Usage

Pesticide production and use have
increased dramatically since the
introduction of the synthetic
organics in World War II. In 1939, the
year the insecticidal properties of
DDT were discovered, the pesticide
sales volume in the United States
was about $40 million and was
dominated by naturally occurring
chemicals and inorganics. Following
the advent of DDT and 2,4-D, the use
of synthetic organics soon dominated
the pesticide market. Today these
compounds account for about 90
percent of the pesticide sales in this
country. Their value in 1969
exceeded $1 billion. (Exhibit 7-4.)

EXHIBIT 7-4
THE PRODUCTION AND

SALES OF ORGANIC
PESTICIDES PRODUCED IN THE

UNITED STATES 1960-70

1960
1962
1964
1966
1968
1969
1970

Quantity
Million
Pounds

648
730
783

1,013
1,192
1,104
1,034

Value
Million
Dollars

307
427
482
728

1,067
1,052
1,072

Source: U.S. Department of Agriculture (6,7)

The rate of growth of pesticide
production in the United States was
phenomenal during the mid-1960's.
For 1963-67 the annual growth rate in
the value of synthetic organic pesti-
cides was between 20 and 30 percent.

As late as 1969, continued growth
at about a 15 percent annual rate was
predicted, at least through 1975a.
Subsequent events, however, proved
this prediction to be much too high.

Public concern over the possible
effects of pesticides on the quality of
the environment, especially as they
relate to the well-being of non-target

organisms such as fish, birds, and
other wildlife, seems to have brought
about at least a temporary halt in the
rapid upward trend of organic pesti-
cide production. The controversy
over the use of herbicides in Viet
Nam was also a factor in discourag-
ing pesticide usage, In 1969 for the
first time since World War II, the pro-
duction of pesticides was lower than
for the previous year.18 The 7 percent
reduction in 1969 was quite in con-
trast to the marked increases that
had occurred during the previous two
decades. Pesticide usage figures for
1970 suggest that the slight reduction
in 1969 may not be temporary and
that the rapid rate of increase in the
use of these chemicals so character-
istic of the 1960's appears to have
ceased.

I n s e c t i c i d e s a n d r e l a . t e d
compounds are used in larger quan-
tities than are either herbicides or
fungicides (Exhibit 7-5). However, in
recent years, use of herbicides has
increased more rapidly than has that
of either of the other two classes.
From 1964 to 1969 herbicide pro-
duction increased at an annual rate of
22 percent compared to 9.5 percent
for all pesticides. The dollar value of
herbicides exceeds that of even the
insecticides—accounting for more
than 57 percent of the synthetic
organic pesticide sales in 1970.

The overall decrease in pesticide
production in 1969 was probably due
to several factors. DDT and other
chlorinated hydrocarbons have been
under concerted attack by ecologists
and conservationists because of their
persistence in the environment and
because of known or suspected
adverse effects of these chemicals on
fish, birds, and other wildlife. These
chemicals are fat soluble and tend to
accumulate in fat tissue in the bodies
of animals, including man. They have
been found to build up in the natural
food chain to levels that are toxic for
some fish and certain birds.

Several states have passed laws
prohibiting or seriously restricting
the use of DDT and related com-

pounds. Likewise, the Environ-
mental Protection Agency has can-
celed the use of DDT on all crops
with only a few minor exceptions.

The production figures for some of
the chlorinated hydrocarbons reflect
this public concern. The production
of DDT in the United States dropped
from about 141 million pounds in
1966 to 123 million pounds in 1969
and to 59 million pounds in 1970.
Comparable figures for the aldrin-
toxaphene group of chlorinated
hydrocarbons was 130 million
pounds in 1966 and 107 million
pounds in 1969. The number of firms
in the United States producing DDT
was reduced from 8 to 5 during the
period 1964 to 1968 and to 1 by 1971.
Had it not been for the outbreaks of
insect-borne diseases requir ing
pesticide treatments, both in the
United States and overseas, the
reduction in DDT usage might well
have been greater than did in fact
occur,

Public concern over the possible
a d v e r s e e f f e c t s o f m e r c u r y -
containing pesticides and of the
brush killer 2,4,5-T are likewise
reflected in the 1969 production
figures. About 19.1 percent of the
United States mercury consumption
was used in the manufacture of pesti-
cides in 1968. This figure was
reduced to 16.4 percent in 1969. Of
this nearly 12 percent was used to
mildew-proof paints and only 3 1/3
percent for pesticides used in agricul-
ture. Seed treatment of mercury-
containing fungicides was almost
eliminated in 1970.

The use of 2,4,5-T (mixed with
2,4-D) as a defoliant in Viet Nam,
coupled with the discovery of tera-
togenetic effects of an impurity
(dioxins) in some commercial lots of
2,4,5-T (and perhaps even of 2,4,5-T
itself), probably accounted for the
dramatic decrease in the production
of these compounds. The quantity of
2,4,5-T produced declined from 42.5
million pounds in 1968 to 11.6 million
pounds in 1969. Comparable figures
for 2, 4-D were 94.1 million pounds in
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EXHIBIT 7-5
THE APPROXIMATE VOLUME AND VALUE OF THE THREE

MAJOR CLASSES OF SYNTHETIC ORGANIC PESTICIDES,
1967-70

Class
Volume

(Million Pounds)

Sales

(SMillion)

1967

Fungicides 120
Herbicides and

Plant Hormones 288
Insecticides,

Fumigants, Rodenticides,
and Soil Conditioners . . . 489

Total 897

1968

130

318

511

960

1969

124

311

493

929

1970

129

308

444

881

1967

56

430

301

787

1968

62

483

304

849

1969

61

496

294

851

1970

65

498

307

870

Source: U.S. Department of Agriculture (6,7)

1968 and 57 million pounds in 1969?7

The recent suspension of the regis-
tration of 2,4,5-T for use around the
home and on food crops may further
reduce the use of this chemical as an
herbicide.

Factors Affecting the Future

The future of pesticides depends
upon a number of factors including:
a) their need in the control of pests
affecting man, his crops, animals,
and his environment; b) restrictions
in their use as determined by bene-
fit-risk considerations relating to the
welfare of man and other creatures,
and c) economic factors affecting the
industry which discovers, tests, and
produces them.

Future Need for Pesticides

There seems to be little disagree-
ment with the essentiality of pest
control. Man's historical battles with
insects, diseases, weeds, and other
pests are reminders that we continu-
ally! compete with these other
creatures for our food and fiber, in
fact, for our very existence. For
Americans, pest control is essential if
we are to maintain our current level
of living. For Pakistanis and Indians,
it is essential if they are to live.

The future need is for pest control,
but not necessarily for pesticides as

we now know them. At the present
time, however, pesticides are one of
the most effective and inexpensive
means, and sometimes the only
means, of controlling most pests. In
the absence of effective alternatives,
they will likely continue to be our

. first line of defense unless they are
removed from the market by restric-
tive legislation or regulatory control.

Much has been said and written in
recent years about alternatives to the
use of pesticides. Some interesting
developments give rise to cautious
optimism as to the feasibility of these
alternatives. Among the most impor-
tant are so-called biological controls.
Some biological controls have been
used commercially for many years,
including scale insect control in
citrus by lady-bird beetles and the
control of Japanese beetle larvae by a
bacterial disease. Others have been
only recently developed. The partial
control by parasites of the alfalfa
weevil in the northeast and of the
cereal leaf beetle in the midwest are
cases in point as is the control by an
imported flea beetle of alligator weed
in some sections of the southeast.

Perhaps the most promising long-
term biological control technique is
through the development of plant
varieties with pest resistance. The
ineffectiveness of pesticides in the
control of some plant diseases has
made it necessary to use this genetic

route for disease control. Unfor-
tunately, however, it has not been
pursued to any appreciable extent in
developing varieties resistant to
insects. As economic and political
considerations restrict insecticide
usage, the pressure for insect resist-
ant crop varieties will become more
universal.

Other biologically related alterna-
tives to pesticides include the sexual
sterilization of insects by radiation
or chemical means. The radiation
technique proved successful in the
control of the screwworm fly in the
southern states and of tropical fruit
flies in pilot studies on Pacific
islands.

Other techniques for controlling
insects without pesticides include
the use of chemical attractants and
repellents, of hormones which inter-
fere with normal life cycles, and of
light traps which take advantage of
the attraction of insects to selected
bands of light. Each of these tech-
niques shows promise under con-
trolled pilot conditions but none has
been widely used on a practical field
scale. They must be considered along
with well-established practices such
as crop rotation which for centuries
helped limit the attack of crop pests.

The integration of two or more
techniques of pest control appears to
have more promise than reliance on a
single technique only. The expec-
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tation is that by combining the bio-
logical and chemical control methods
with cultural techniques already
proven, the quantities of pesticides
needed would be reduced, thereby
alleviating possible problems of
residues on the crops and plants and
of adverse effects on non-target
organisms.

It should not be assumed that
methods of controlling pests through
means other than the use of pesti-
cides are necessarily free from
human or environmental hazards.
For example, materials used as
repellents, sterilants and attractants
are chemicals whose health and
environmental hazards must be
ascertained before their general use
can be approved. Likewise, side
effects adverse to man and other
target organisms from the use of bio-
logical entities such as insect patho-
gens and predators must be looked
for prior to permitting general use of
these techniques. In spite of such
cautions, however, these tools for
controlling pests must be thorough-
ly evaluated as alternatives or as
complementary to chemical pesti-
cides.

The future of pest control by tech-
niques which eliminate or minimize
the use of pesticides will probably be
determined primarily by public
inputs into research and develop-
ment and even into practical control
operations. A high proportion of the
R & D expenditures associated with
pesticides is borne by the private
sector which can recoup these
expenditures through profits from
patent-protected manufactured
products. Alternatives to narrow-
spectrum pesticides, and pesticides
generally do not offer as much attrac-
tion. There is no easy mechanism, for
example, for direct reimbursement
for R&D expenditures relating to
parasite or predator discovery,
t e s t i n g , and r e l e a s e , o r to
sterilization by radiation of insect
pests. Likewise, repellents and sex
attractant chemicals which require
very large R&D inputs may be needed
in only very small quantities,
perhaps a few tons or hundreds of

tons in total. Profits for industry
from these chemicals may not justify
large R&D inputs although the public
good coming from the chemicals
might well justify large Government
expenditures.

The breeding of plant varieties
resistant to insects and diseases
s h o u l d a t t r a c t cons ide rab l e
commercial R & D input since the
product (improved seeds) can be
marketed with some proprietary pro-
tection for the developer. Experience
has shown, however, that a paired
R & D input from public sources is
essential for the most effective plant
improvement programs. The recent
near catastrophe in corn production
resulting from the southern corn leaf
blight epidemic was in part due to the
use of breeding techniques which
were least expensive but which per-
mitted the development of a too-
narrow genetic base for the vast
majority of our corn hybrids in this
country. There is need for public
agency involvement along with
private industry to help keep as
broad a genetic base as feasible.
Improved plant varieties of the
future will likely be developed
through team efforts of public and
private organizations.

The public sector may also be
called upon to adequately test and
perhaps even operate large-scale,
integrated pest-management proj-
ects. The need for public agency
inputs stems from the fact that the
integrated control techniques depend
to a considerable extent on group
action rather than individual grower
action. They also depend on careful
monitoring or surveying of the pests
to be controlled, feats which call for
collective or public agency action.
These projects will require field
teams to monitor the numbers of the
pest in question. Release of parasites
or predators or the placement of light
or chemical traps will likely be at
least guided by public agency repre-
sentat ives. While large-scale
integrated control operations may
reduce the flexibility for any given
operator, they have the potential of

greatly decreasing chemical pesti-
cide usage.

The Future of the
Pesticide Industry

Alternatives to pesticides may
provide long-term future controls.
Even so, pesticides will likely
continue to be an important means of
controlling pests, at least for the next
decade and probably for a much
longer period of time. A number of
factors suggest a continued critical
need for new and i m p r o v e d
chemicals. The development of
resistance to pesticides currently in
use calls for replacements. The trend
to replace persistent chemicals with
others more easily biodegraded
should be continued. More research
is needed to determine the potential
of chemicals currently in use.
Concern for non-target organisms
forces greater stress on narrow-
spectrum chemicals that are quite
selective in their action. All of these
factors suggest an increased need for
inputs from the private sector,
particularly in R & D areas.

Another distressing factor which
tends to increase the difficulty of
industry's obtaining clearance of
pesticides is the general slowdown in
decision-making by regulatory
agencies. Sensitivity of personnel
concerned with registration and
clearance of chemicals to public opin-
ions and pressures and inadequacy of
staff have tended to delay decisions
on registration applications, on the
testing to be required and on general
policy relating to pesticide regu-
lations.

Industry's ability to supply new
chemical pesticides is hampered by a
number of factors.HigherR&Dcosts
are made neces sa ry by the
increasingly stringent regulatory
agency requirements relating to
human health and safety and more
particularly to the well-being of fish
and wildlife and other non-target
organisms. For example, increased
sophistication and sensitivity of
analytical tools have greatly
increased research costs and at the
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same time have made possible the
detection of infinitesimal amounts of
residues of pesticides and of their
metabolites which have previously
gone unnoticed. This is particularly
troublesome in cases where the zero
tolerance concept must be applied
even though the trace quantities
identified have little if any bio-
logical significance.

Uncertain markets for pesticides
already under production together
with expanded industry efforts
needed to maintain the registration of
these products give management a
less favorable view of pesticides than
in the past. Also, industry is greatly
narrowing its market potential for
each new chemical in responding to
pressures to replace broad-spec-
trumed pesticides with those more
specific for given target organisms.
Furthermore, the generally unfavor-
able publicity given pesticides in the
past few years tends to discourage
corporate investments in pesticides
for fear that sales of other company
products will be adversely affected
by emotional and other reactions
against pesticides.

The discovery, testing, develop-
ment, production, and initial market-
ing of new pesticides is a time-
consuming process requiring on an
average about five years. Full market
development commonly takes an
additional three years. Because of
this time lag, it is difficult to assess
the true effects of negative factors on
the development of new pesticides.
However, a study of the pesticide
industry made in 1971 by the Ernst
and Ernst Trade Association Depart-
ment suggests some significant
trends.11 There was no suggestion
f r o m this study that industry
planned to reduce significantly its
immediate input into pesticide R&D.
Planned R&D estimated for 1971
($71.6 million) exceeded slightly that
expended in 1970 ($69.9 million). A
modest 5 percent inflationary factor
would suggest a slight reduction in
R&D effort which was substantiated
by a planned similar reduction in
R&D personnel numbers. The total
R&D dollar inputs increased 33

percent from 1967 to 1970. The
percent of R&D costs devoted to
regulatory maintenance of existing
products increased from 13 percent
to 23 percent during the same period.
Significantly, the total R&D costs as
percent of sales increased from 8.2
percent in 1967 to 9.7 percent in 1970.
This suggests continued commit-
ment of the .industry to research and
development, although this commit-
ment seemingly plateaued in 1971.

The average research and develop-
ment costs for each pesticide regis-
tered is about $5.0 million. These
costs include the screening and
s y n t h e s i s of t h o u s a n d s of
compounds to select the very few
that are finally registered. Some
60,000 compounds are screened
annually to produce about a dozen
new pesticide chemicals (Exhibit 7-
6).

EXHIBIT 7-6

NUMBERS OF COMPOUNDS
SYNTHESIZED, SCREENED FOR
PESTICIDAL ACTIVITIES AND

REGISTERED BY 33
UNITED STATES PESTICIDE

MANUFACTURERS

Number of Compounds 1S67 1970

1. Screened for Pesticidal
Activity 60,200 62,800

2. Synthesized by the
Company 23,500 28,000

3. Registered by
Marketing 8 11

Source: Ernst & Ernst Trade Association
Department (1)

Public concern for human health
and well-being, along with general
concern for environmental quality,
present increasing challenges to all
concerned with the control of pests.
The ability to meet these challenges
will be strengthened by:

1) Actions of public agencies to
accelerate research and develop-
ment activities directed toward
practical alternatives to the use of
potentially hazardous pesticides.

2) A concerted effort on the part of
industry, in cooperation with public
agencies, to develop pesticides that
present less hazard both to man and
to other creatures than do pesticides
currently available.

3) Wise public policies relating to
pesticides and their use.

4) A political environment that will
permit decision-making in regula-
tory agencies to reflect a balance of
factors rather than emotional
pressure.

5) A scientific environment that
insists on adequate review of new
data, gives due consideration to the
public nued for an adequate and
reasonably priced supply of food,
and encourages effective public
information programs by the appro-
priate scientific groups and regula-
tory agencies.
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CHAPTER 8

NATURALLY OCCURRING TOXICANTS,
FOOD ADDITIVES, AND COSMETICS

1. INTRODUCTION

That part of our environment
which is our food presents some as-
pects which are unique and some
which are shared with other major
environmental components.

Food, like air and water, is a con-
tinuing necessity. It thus differs from
medicines and pesticides which are
theoretically dispensable if we were
prepared to accept the costs and risks
involved. As with air and water, the
composition and usefulness of food
can be greatly affected by the ac-
tions of others beyond our control or
knowledge, and hence many of the
exposures it involves are involun-
tary. Yet, we have much more scope
for individual choices over the tim-
ing and content of our intake of food
than we do our needs for air and
water. That scope or choice, how-
ever, is in part illusory. Our food sup-
ply is chemically exceedingly com-
plex—far more complex than air or
water. Our effective control over it is
severely restricted by that complex-
ity, and by ignorance, misconcep-
tions, and economic and cultural
limits.

No other part of our environment
presents quite so forcefully the prob-
lems of meeting divergent and
conflicting requirements, of bal-
ancing costs and benef i t s , of
choosing on the basis of incomplete
in format ion , and of increasing
general comprehension of complex
choices, thereby improving the
quality ' of both individual and
regulatory decisions.

This chapter begins with a brief
and necessarily incomplete review of
the hazards from certain compo-
nents of food which are present
naturally. It then discusses food

additives, i.e., those ingredients pres-
ent as a result of human action, even
if, as is often the case, they also occur
naturally. Finally, the chapter con-
cludes with a section on cosmetics.
While cosmetics clearly differ from
foods in many respects, they share
certain ingredients. Some considera-
tions of safety apply to both, and they
have traditionally been grouped to-
gether for regulatory purposes.

2. FOODS IN GENERAL

All components of food—natural or
synthetic, intentional or accidental,
biological or mineral—are chemi-
cally definable. Such definition is not
easy; it has been a substantial
preoccupation of nutritionists and
food scientists for years. Yet our
knowledge of detailed chemical
composition and structure is still far
from complete, even with respect to
some components of major nutri-
tional significance. Foods almost
invariably are complex mixtures,
and their effects on those who con-
sume them are correspondingly com-
plex, and often interrelated.

The minor c o m p o n e n t s a re
relatively poorly known, and their
physiological effects, if any, even
less well studied. Certain trace
metals, for example, such as cobalt
and copper, are known to be essen-
tial for human growth and survival,
yet both reach toxic levels of intake
at only few hundred milligrams per
day. It is typical of our still limited
knowledge that for a number of these
trace constituents, known or thought
to be essential in the diet, neither the
minimum daily requirements nor the
levels, which would present a chron-
ic hazard are yet defined.

The composition of our food sup-
ply varies widely with culture,
geography, economy, and individual
preference. In the United States,
most of it consists of major compo-
nents, such as proteins, fats, and
carbohydrates (principally cellu-
lose, starches, and sugars). About 0.5
percent consists of intentional addi-
tives ranging from lysine used as a
nutritional supplement (at a few per-
cent), through leavening mixtures or
preservatives (used at a fraction of a
percent), down to some flavors, used
at less than one part in a hundred mil-
lion, 0.000001 percent.

About 3 percent of the food supply
consists of naturally occurring minor
ingredients. These include (among
the more common categories) the nu-
cleic acids, minerals, vitamins, alka-
loids, essential oils, oleoresins, and
an almost limitless number of other
chemically varied trace constit-
uents.

None of this complex, varied, and
varying mix acts or can be under-
stood by itself. As Golberg1 has
pointed out, ". . .We accept the pres-
ence in our food of additives and
trace residues of various sorts whose
biological implications can ultimate-
ly be understood only be considering
them in the context of their presence
in foods, and what is known of the
toxicology of the foods themselves,
rather than by regarding them as iso-
lated 'foreign' chemical entities."

3. SOME SPECIFIC HAZARDS
FROM

NATURAL CONSTITUENTS

All categories of food constituents
present potential safety problems,
which become actual hazards under
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conditions of stress (such as starva-
tion), abuse (such as overconsump-
tion or improper choice or proc-
essing) of from inborn errors of
m e t a b o l i s m ( s u c h a s
phenylketonuria or diabetes).

The nature and consequences of
malnutrition and overnutrition have
been well covered elsewhere, and are
not of direct concern here, except to
acknowledge the serious and fre-
quent impact of these hazards.

What is less well known are the
numerous hazards from naturally
occuring constituents of food that are
encountered out of ignorance or
necessity or through only minor
departures from normal processing
or consumption patterns.

A large number of common food
plants, particularly those of the cab-
bage and mustard (BrassicaJ and
onion fAlliumJ families, contain
goitrogens; i.e., substances which
promote thyroid enlargement, or
goiter, these act directly, through
human consumption of such vege-
tables. They may also act indirectly
as through the use of milk from cows
which have fed on the vegetables.
There is little doubt that marginally
insufficient iodine intakes, and the
consumption of foods containing va-
rious goitrogens, which act in con-
cert on different phases of iodine
metabolism1 play a significant role in
the present common occurrence of
endemic goiter. Additionally, goitro-
gens when consumed at levels far
higher than those found in foods, can
produce thyroid tumors.

Potatoes and other members of the
genus Solanum, contain an alkaloid,
solanine, which is a potent choline-
sterase inhibitor. Such substances
interfere with the transmission of
nerve impulses, and in this respect
solanine is pharmcologically, though
not chemically, similar to the "nerve
gases" and organophosphorus pesti-
cides. All potatoes contain some sola-
nine; it is concentrated particularly
in the green portions of the plant. In
the potato tubers themselves, the
solanine, along with Vitamin C, is
found mostly near the skin. New
potatoes, because of their high skin-

to-volume ratio, and those green from
exposure to the sun contain relative-
ly high levels. Patil et al.2 have
reported a four-fold increase in sola-
nine levels in potatoes exposed to
normal illumination levels in super-
markets. Solanine poisoning 3 4 has
occurred intermittently but fairly
frequently over the years, sometimes
in outbreaks involving hundreds of
people. Occasional deaths have been
reported. The safety factor between
the normal level in some potatoes and
the amounts which cause human in-
jury is less than ten.

Oxalic acid salts and some free
oxalic acid are found in spinach and
in rhubarb. A normal serving of rhu-
barb contains about a gram of oxa-
late, about 1/5 the toxic dose for hu-
m a n s . M o r e o v e r , t h e r e a r e
theoretically possible anti-nutri-
tional effects, resulting from the abil-
ity of oxalic acid to combine with
dietary calcium so as to render it
nutritionally unavailable. Although
such effects have been demon-
strated in animals, particularly
under conditions of calcium, phos-
phorus, or Vitamin D deficiency,5

human feeding trials indicate little
likelihood of any effects from nor-
mal diets.

A number of different foods con-
tain substances which produce
cyanide during digestion and some
traces of free cyanide ion. Among
these are tapioca, almonds, and lima
beans, High-cyanide varieties of lima
beans (not sold in the United States)
have been responsible for many cases
of human poisoning.

Pressor amines, which increase the
blood pressure, are found naturally
in pharmacologically significant
quantities in cheeses, wine, and some
fruits. A few fatalities have resulted
from consuming these foods while
under medication with tranquilizers
such as Parnate, which inhibit the
body's enzyme, monoamine oxidase.
The pressor amines are normally oxi-
dized by these enzymes, and thus
held to levels the body can safely
tolerate. But individuals with re-
duced monoamine oxidase capacity
incur some hazard.

Vitamin A is teratogenic, i.e.,
causes fetal deformations in several
species of test animals both in defi-
ciency and in excess. Vitamin D in
moderate excess causes calcium
deposition in soft tissues and altered
physical and mental development in
children. Here again, by toxicolog-
ical standards, the safety factor for
infants and very young children is
very small—in the order of five or
ten.

Although dropped from use as an
intentional flavoring ingredient,
safrol, a weak hepatic carcinogen, is
so w i d e s p r e a d in n a t u r e i ts
comsumption is unavoidable.

Evidence is now conclusive ° 7 for
the presence in vegetables of the po-
tent carcinogens 3,4-benzpyrene, 1,2-
benzanthracene, and other poly-
nuclear aromatic hydrocarbons, as
normal products of plant biosynthe-
sis, rather than from contamination.

Beyond the known or possible
direct effects of naturally occurring
toxicants, there are apparently
endless complications from indirect
effects of a second or higher order.
Goldstein has suggested8 that exces-
sively bland diets, i.e., those low in
roughage, decrease intestinal motil-
ity and lead to longer retention of
fecal matter, thus increasing the
opportunity for contact with or
absorption of toxic substances. If
this hypothesis is correct, a moderate
intake of roughage would reduce this
opportunity by some degree. At the
same time, it raises the question of
what are the optimum and upper safe
levels of roughage intake.

The fiber, or roughage content has
a major effect on the intestinal flora
(bacteria in the intestine, particu-
larly the large intestine) which are
known to play a decisive role in
chemical transformation of dietary
components, as in the conversion of
cyclamate to cyclohexylamine9. The
numbers, kind, and activity of these
bacteria are dependent on the
individual's diet, state of health and
activity. The total pattern is exceed-
ingly complex, and very incomplete-
ly known.
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These are only a few examples.
While it is important for human
health that our knowledge of such
effects be deepened and greatly
broadened, we cannot expect to be
able to avoid natural materials which
sometimes contrib-bute to hazards.
(The members of this Panel, for in-
stance, do not expect to avoid the
specific foods mentioned, nor the
many others that could have been in-
cluded, because of what they have
learned about them.)

The variety of naturally occurring
"chemicals" in food is enormous.
Over 350 substances have been
isolated and identified in coffee—in-
cluding the stimulant caffeine and
the antithiamin, chlorogenic acid.
While 42 substances have been found
in orange oil10 many more remain to
be identified. All of these necesarily
possess some sort of pharma-
cological potential—occasionally at
levels of use near those at which they
occur. Most of these have not been
studied lexicologically, and in con-
trast with the intentional additives,
the i r e f f e c t s have no t been
systematically evaluated.

ft is clear that nothing is wholly
safe or dangerous per se; it is the
quantity involved, the manner and
conditions of use, and the suscepti-
bility of the organism which deter-
mines degree of hazard or safety.

There is no scientific basis for
making safety judgments which
distinguish addded from naturally
occurring ingredients. The judgment
regarding safety in each case must in-
volve some knowledge of its inher-
ent capacity to cause harm (toxicity)
and of the conditions of use which
determine to what extent this capac-
ity will be realixed.

We must recognize that safety is a
pathway between hazards, some of
which are visible and measured,
others indistinct, others unknown.
Sometimes the path is wide, and the
margins of safety are large. At times,
as with Vitamin D or solanine, the
path is narrow. There is no escape
from all risk, no matter how remote.
There are only choices among risks.
Safety lies in staying on the

path—through balance and modera-
tion—rather than indulgence in die-
tary extremes.

FOOD ADDITIVES

Definitions

The term "food additive" is used in
a general sense to mean any minor
ingredient intentionally added to a
food to achieve some specific techni-
cal effect. It may also include those
which get into food incidentally
through their use in packaging mate-
rials or as residues from application
pesticides used on seeds, crops or
from drugs on animals raised for
food, These latter groups are often
called indirect additives. In the
United States, the legal definition is
both peculiar and more narrow. The
Food Additives Amendment of 195811

provides that a food additive is any
substance which is or may become a
part of food "...if such substance is
not generally recognized, among ex-
perts qualified by scientific training
and experiment to evaluate its safe-
ty, as having been adequately
shown...to be safe under the condi-
tions of its intended use (italics add-
ed);. . ." The amendment further pro-
vides that for substances in use be-
fore 1958, the basis of such expert
judgment could be either "scientific
procedures" or "experience based on
common use in food," whereas for
substances used only after 1958, the
basis could only be "scientific proce-
dures." This is the statutory founda-
tion of "GRAS"—"generally recog-
nized as safe." In this section, we
shall use the term "additive" in its
broad general sense.

History
Prior to the Food Additives

Amendment and for some time there-
after, both the Food and Drug
Administration and the Department
of Agriculture expressed approval
for the use of additives by a group of
measures collectively known as
"prior sanctions," Frequently such
approval was expressed in private

correspondence, sometimes pub-
lished in so-called trade correspond-
ence, and sometimes in the "Federal
Register" or regulatory manuals.
Such prior sanctions covered only a
small fraction of the additives then in
use.

At the time of passage of the Food
Additive Amendments, there was
only a very incomplete appreciation
of the complexity and extent of food
additive (FA) use. Congressional
testimony referred variously to "437"
and to other poorly supported num-
bers as the number of additives ac-
tually in use. A 1956 publication of
the Food Protection Committee of the
NAS-NRC12 listed 517. Actually, we
now know the total number to be
about 4,000.13 It seems safe to as-
sume that no one really knew the ex-
tent of food additive usage.

There was considerable disagree-
ment over how to deal with this back-
log of unknown size and compo-
sition. The extremes of a sweeping
"Grandfather Clause" on the one
hand, or governmental testing, re-
view and approval of each sub-
stance on the other, seemed unwise
and impractical. The GRAS concept
was a compromise which attempted
to apply scientific judgment, and by
implication, common sense, to a
modified "Grandfather Clause," so
that the limited scientific and regula-
tory resources available might be
directed toward those situations
most needing them.

Shortly after passage of the Food
Additive Amendments, the FDA
began to assemble an intentionally
incomplete list of substances, each
presumably generally recognized as
safe under the conditions of its
intended use. This was the be-
ginning of the misnamed and widely
misunderstood "GRAS List." By de-
sign, and by inherent nature, this list-
ing was incomplete; there was never
a single, unified GRAS list. And that
portion of the statutory provision
italicized above was largely ignored.

Partly because of uncertainty
about how best to apply the provi-
sions of the new Amendment, and be-
cause of a lack of both information
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and procedures for collecting
information, the FDA effort to estab-
lish a partial GRAS list met with
difficulties. Two lists were pub-
blished in the Federal Register on
November 20, 1959 and August 12,
1960.

Thereafter, the FDA ceased formal
publication of GRAS status. From
then until 1970, it gave its opinion in
so-called "GRAS letters," on wheth-
er or not a particular ingredient was
GRAS.

After the initial Federal Register
publication, most developments con-
cerning GRAS took place outside of
FDA. The 1958 Amendment does not
specify the FDA as the arbiter of
GRAS status; it merely requires such
general recognition of safety to be
among "experts qualif ied by train-
ing and experience to iudge its safe-
ty." Thus, it is possible for there to be
extra-governmental determinations
of GRAS status, although such a
status ordinarily would not persist if
the FDA knew of it and disagreed. In
practice, there are two kinds of such
judgments, private and published.
Although a private determination
that a substance is generally recog-
nized as safe is an anomaly, the law
permits it, and it has probably
happened in a few instances. There is
some reason to believe that most of
these have had a degree of expert
judgment in support.

The major activity in establishing
GRAS status outside of FDA has
taken place with flavoring sub-
stances, which make up far more
than half of the intentional additives
in foods.14 As FDA interest in GRAS
determinations waned, the flavor
industry's trade association, the
Flavor and Extract Manufacturers'
Association (FEMA) chose the route
of independent review. It surveyed
the industry to collect data on identi-
ty, specifications, safety, and levels
and manner of use, and engaged a
panel of six qualified experts to re-
view the available information. Only
those substances on which the panel
agreed unanimously were held to be
GRAS. In a program extending over
several years, the panel reviewed

approximately 1,400 substances. Of
these, 1,124 were determined to be
GRAS, and 267 were dropped from
use. These actions were widely pub-
lished in the Federal Register on
administrative reasons, received
both tacit and explicit FDA consent.

By 1964, however, the FDA had
concluded that it should take some
official position on the individual
substances. It therefore adopted
essentially the entire FEMA list, not
into the FDA GRAS list, but into
regulation.15

Simultaneously, there has been a
steady, though declining flow of peti-
tions for food additive regulations to
the FDA followed eventually in a
number of cases by the issuance of
regulations.

Types of Additives
These may be classified in several

ways. Among these are:

1. Cur ren t legal s ta tus . Al-
though this gives some indication of
the size and complexity of the
s i tua t ion , a more meaningful
classification is shown in Exhibit
8-3.

2. Intended technical effect.Two
classifications of the direct or inten-
tional food additives are shown in
Exhibit 8-4, together with the
number in each category and an indi-
cation of the dollar sales of some of
the major categories.

3. Chemical classification. It is
useful for some purposes to sub-
divide certain groups of additives by
chemical classification, as for
example, synthetic food colors into
azo, triphenylmethane, and iso-
prenoid dyes. The total number of
additives and chemical classifica-
tions involved is very large, and a
single substance will often belong in
several chemical classifications
(ascorbic acid, for example, is a lac-
tone, and enediol, a secondary alco-
hol, and a primary alcohol). More-
over, both additives and their chemi-
cal classifications cut across several
technical effects (ascorbic acid is
both the nutrient, Vitamin C, and also
an antioxidant). As a consequence,
chemical classification tends to be
both complex and of somewhat limit-
ed value.

EXHIBIT 8-1

NUMBER OF NEW CHEMICAL ENTITIES
INTRODUCED EACH YEAR AS INTENTIONAL

FOOD ADDITIVES

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

GRAS
added to

£ 101.1 163 (C.F.R.)

. _ _
—
—
—
—
51
—

7
—
—
—
—

GRAS
added to

£101.1164 (C.F.R.)

- - .
—
—
—

574
2

...

40
1

—
—
—

GRAS
added to

other regulations

1
8
1

—
—
...
2

—
—

—
—
—

NON-GRAS

10
67
16
9

22
87
5

47
9
4
4
4

Note: For 1965 and prior years, particularly, the figures represent the inclusion in
regulation of Items already In use at the time of passage of the Food Additives
Amendment of 1958, rather than new Introductions.
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EXHIBIT 8-2

NUMBER OF NEW CHEMICAL ENTITIES
INTRODUCED EACH YEAR AS INTENTIONAL

FOOD ADDITIVES

3
Z

700

680

640

620

600
200
180

160

140

120

100

80

60

40

.20

0

LEGEND:

GRASand Non-GRAS
Additives

Non-GRAS Additives

1

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971

Year

EXHIBIT 8-3

SUBSTANCES ADDED TO FOODS
FOR SPECIFIC TECHNICAL EFFECTS

Direct
Flavors
Other

Color
Indirect

Packaging
Pesticides

GRAS

1300
290

110

1810

(GRAS

REG.)

(860)

(860)

Regulated
Additives

860
120

30

1710
220

2940
1810

4750
-860

3890

4. Natural and synthetic. People
often assume that the classification
of food constituents into those
"normally present" and those
"added," or into "natural" and
"synthetic," is of some interest or
value. However, the majority of
intentional additives are identical in
chemical structure—and therefore in
human effect—to components which
are found naturally in food (though
not in all foods). The intentional
addition serves to restore, enhance,
or introduce a characteristic into that
particular food.

The nutrients, almost by defini-
tion, occur naturally in either identi-
cal or chemically closely related
forms. The same is true of almost all
f lavoring materials, and many
thickeners, humectants, solvents,
and agents to control acidity and
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alkalinity. By contrast, the non-
nutritive sweeteners, colors, fumi-
gants, and flour-treating agents in-
clude many substances of an
exclusively synthetic origin.

A classification into "natural"
and "synthetic" is rendered still less
meaningful by the steady and rapid
progress of analytical chemistry in
isolating, and identifying as natural-
ly occurring components, sub-
stances previously known only from
synthetic sources.

Natural occurrence is very far
from a guarantee of safety, as the
earlier sections on naturally occur-
ring toxicants illustrate. It may, how-
ever, be relevant to safety evalua-
tion to the extent it permits conclu-
sions based on; some knowledge of
human exposure. The key question is
not one of "natural" or "synthetic,"
but of safety under conditions of use.
As discussed elsewhere in this re-
port, for almost any area of our
environment, including foods, the

state of our knowledge and the size of
the margins of safety are usually
considerably better for the syn-
thetic.

The indirect additives, residues of
which are permitted in food from
packaging ingredients or the applica-
tion of pesticides or drugs. As Exhi-
bit 3 shows, by far the largest group
of indirect additives are those used in
packaging. Exhibit 8-5 presents a
rough tabulation of these according
to uses covered by regulations pub-
lished in the "Federal Register."

EXHIBIT 8-4

CLASSIFICATION OF INTENTIONAL
FOOD ADDITIVES BY TECHNICAL EFFECT

General
Classification

Nutritional

Aesthetic

Preservative

Texturizing
and

Stabilizing

Processing Aids

Detailed
Classification

Nutrient supplements

Flavor enhancers
Flavoring agents, adjuvants
pH control agents

Colors, coloring adjuncts
Non-nutritive sweeteners
Enzymes
Surface-finishing agents

Preservatives
Antioxidants
Sequestrants
Fumigants

Emulsifiers
Surface-active agents
Stabilizers, thickeners
Humectants, etc.
Firming agents
Texturizers

Processing aids
Propellents, aerating agents, etc.
Solvents, vehicles
Anticaking agents
Curing, pickling agents
Dough conditioners
Drying agents
Flour-treating agents
Formulation aids
Leavening agents
Lubricants, release agents
Synergists

Estimated
$ Sales 1970
(in Millions)
MCW1 CW2

185 83

34 33
(acidulants only)

14 36

62 52

71 104

Total of all others
118 58

Number
in

Category

85

1580

110

340

430

Sources: 1Mallinckrodt Chemical Company
2 Chemical Week

Trends

Due to increasing application of
technology to food production and
processing, the total use of food addi-
tives has increased somewhat more
rapidly than population, nearly
doubling in the decade 1960-70. This
increase is more marked in some seg-
ments of the food industry than in
others. In general, the fastest grow-
ing segments of the food industry
correspond to those areas with the
highest rate of usage of food addi-
tives (Exhibits 8-6 and 8-7). For
example, the use of nitrogen as a pro-
tective gas to prevent deterioration of
packaged foods has increased about
7-fold from 1960 to 1970 even after
allowing for population growth.
Hydrolyzed vegetable protein and
MSG, used in formulated foods, have
increased about 5-fold in the same
decade.

The figures in Exhibit 8-7 present
use in food, but not necessisarily
human consumption. Aside from
considerable wastage, sugar is
destroyed by fermentation in making
bread, salt is partially washed away
in cooking, flavors evaporate, fats
(and fat-soluble substances) may be
drained off. Actual consumption is
thus exceedingly difficult to
determine, but is lower than "usage".

Of all food additives, that con-
sumed in by far the largest quantity
is ordinary sugar (sucrose) of which
we use annually in the United States
about 20,000,000,000 pounds, or
about 102 pounds per person.1" Al-
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though this has not changed much in of various other additives (other than used materials serve a variety of
the last decade, such a high level of salt, sugar, corn syrup, and dex- purposes such as flavor (mustard,
consumption is characteristc of most trose) currently used annually in the pepper , MSG); p r o p e l l a n t s ,
developed, affluent societies. Over United States. This amounts to carbonating, and protective gases
the last few generations, the level of slightly over nine pounds per person (carbon dioxide and nitrogen); and
carbohydrate intake has remained per year. nutrient supplements (calcium salts
fairly constant, but sucrose has Eighty percent (7.4 pounds) of this and sodium caseinate).
gradually displaced the more is accounted for by about 30 of the Thus, the nearly 1,900 other direct
complex carbohydrates , mainly most commonly used materials, of additives account for only 20 per-
starch. which about half are agents for cent of the total usage (1.8 pounds per

The next most used additives are leavening (e.g., yeasts, monocalcium- person per year). The average annual
salt, corn syrup, and dextrose. phosphate) and agents for control of use of additives is slightly less than

Combinations of estimates from a acidity and alkalinity (citric and 1,000,000 pounds of each additive or
variety of sources lead to a figure of acetic acids, sodium bicarbonate). 0.005 pounds per person per year.
approximately 1,900,000,000 pounds The rest of these most commonly This average figure is highly

misleading with such a skewed
distribution since a very small num-

•TVLJIDIT 0 _ buer are used in much largercAnlbl I o-o . 1 1 iamounts, and a very large number are
ADDITIVES PERMITTED FOR USE IN FOOD PACKAGING MATERIALS used in much smaller quantity. The

median usage per additive of all
Prior sanctions (various uses) 108 direct additives appears to be
Polymers and resins between 100 and 200 pounds per year

Acrylic and modified acrylic .......................................... 72 . . ,, , nnnnnn-, j•„ . . ... nationally or about 0.000001 poundsPolyurethane . . .................................................... 40 * K

Cross-linked polyester ............................................... 69 Per Person Per year'
Polysulfide-polyepoxide .............................................. 22 The reasons for the increase in the
Polycarbonate 8 use °f additives can be specified.
Olefin ........................................................... 11 They include:

y on ............................................................ 1. Increasing use of processed,
Epichlorhydrin/epoxy ............................................... 8 rather than raw food
Other ............................................................ 47

Modifiers, plasticizers, antioxidants and stabilizers for polymers .................. 71 2. Increasing trend toward
Resinous and polymer coatings .......................................... 370 meals eaten away from home.
Resinous and polymer coatings for various films .............................. 56 „ , . . , , ,
Polymericfilms ....................................................... 19 , 3' Increasmg trned toward new
Paper and paperboard components patterns of food mtake and away

-for aqueous and fatty foods .......................................... 188 from the traditional three meals per
—for dry foods 89 day. This involves more conven-

Rubber article components .............................................. 247 ience and more snack foods, more
Cellophane ............. .............................................. 146 ready-to-eat foods, all of which are
Fibers larger users of additives.

—cotton and cotton fabrics ........................................... 41 „, . ,. . . ... ..„ 4. The impact ot economic tac-
-texttles ......................................................... 50 *. „

Adhesives 632 <-ors' most specifically competition to
Pressure sensitive adhesives ........................................... 22 reduce costs.
Animal glue ....................................................... 19 5. The impact of population fac-

Sealing gaskets for closures .............................................. 75 tors> principally the rural to urban
Pesticides, santizing solutions, wood preservatives, slimicides .................... 53 shift and secondarily, a greater
Defoaming agents ......... ............................................. 137 sophisticati(m in the use of "ethnic"

incoati"9s ........................................................ 84 foods.
Lubricants

-for metallic products . . . ............................................ 46 6- Social pressures, including
-with incidental food contact ......................................... 17 more working women with less time

Emulsifiers and surface-active agents ....................................... 35 to spend in the kitchen and therefore
Filters, resin bonded ................................................... 26 greater demand for convenience
Other (release agents, chelating agents, antifogging agents, corrosion inhibitors, etc.). . . 80 foods.

7. Greater interest in a wider
(The figures are approximate only, and cannot be totaled since many substances are listed , . , •! V.1 •*>, t
for more than one application. Additionally, many components are themselves complex variety OI tOOQS, availaDie WITHOUT.
mixtures.) seasonal or geographic limitations.

528-750 O - 73 - 6
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Simultaneously, with this trend to-
ward greater use of additives is the
current concern over safety. A third
concurrent factor is the progress of
toxicology with the development of
scientific understanding and insight
into the possible relationships be-
tween exposure to chemicals and
human disease. It appears inevitable
that there will be pressure for addi-
tional scientific examination of these
questions in conjunction with the
economic and technological pres-

sures for greater use of food addi-
tives. Decisions and judgments will
involve greater public under-
standing of and confidence in the
regulatory process. They clearly will
involve improved procedures for
safety evaluation and for relating
animal testing results to human safe-
ty.

Economics of Development

The economics of the use of food
additives present some curious prob-

EXHIBIT8-6
FASTEST GROWING INDUSTRY SEGMENTS:

1963-1967

Industry Segment
Percent
Increase

Natural and Processed Cheese .
Packaged Fish
Canned and Bottled Soft Drinks
Shortening and Cooking Oils ...
Frozen Fruits and Vegetables ...
Dehydrated Foods
Rice Milling
Soybean Oil
Chewing Gum
Flavor Extracts

10.0
9.8
9.1
8.4
8.4
7.8
7.7
7.6
7.1
7.0

Total Food Industry .. 5.3

lems. Distribution in dollar value
among various sections of the food
industry is shown in Exhibit 8. In
general, the int roduct ion and
production of food additives differ
f r o m t h e d e v e l o p m e n t a n d
manufacture of pesticides, drugs,
and other categories of useful
chemicals. The food additive is
usually produced by a general
manufacturer of chemicals which, at
least in the past, has been responsible
for some initial demonstration of a
useful technical effect in food and for
proof of safety. A detailed definition
of the technical effect, however, and
exploitation of it, together with such
related requirements as product
specifications, has been in the hands
of the food producer. Frequently, a
substance is found to be a useful food
additive after it has had a history of
industrial application in other higher
v o l u m e and t h e r e f o r e more
profitable uses.

Since the passage of the Food Addi-
tives Amendment, more than 350
additives, once in use or proposed for
use, have been abandoned. In only a
few—and relatively well publicized-
cases* has this happened because of
adverse evidence concerning safety.

Source: Bureau of Commerce Industry Census—1963 and 1967.7
* Principal cases have included cyclamates,

the anti-oxidant nordihydroguiaretic acid, the
color Red #1, and the flavors safrol and

EXHIBITS-?

U.S. TOTAL AND PER CAPITA USE OF FOOD ADDITIVES
(ALL FIGURES ROUNDED)

Additive(s)
(grouped)

Sugar (sucrose)
Salt
Corn Syrup

All Other Direct
Additives

in the
Group

1
1

2

1,926

Total
Annual

Use
(pounds)

20,000,000,000
3,000,000,000

2 600 000 000

1 900 000 000

Total Use
of the
Group

102
15

13

9.3

Per Capita Annual Use
(pounds)

Average Use
for each

Substance
in the Group

102
15

(Com Syrup 8.4
Dextrose 4.2)

0.005

Median Use per
Substance in the

Group

102
15

<0.000001
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In most instances the available
information relating to safety was
insufficient and the manufacturer of
the additive could not economically
justify the cost of gathering the addi-
tional data needed for the relatively
small market. In other cases the
manufacturer was uninterested in
producing to the necessary specifica-
tions.

For approval of a food additive,
substantial information is required
concerning its process of manu-
facture, which is normally regarded
as valuable proprietary information
by the manufacturer. The food proc-
essor has seldom had the skills or re-
sources to engage in chemical
manufacture or safety evaluation,
yet it is in the processors' hands that
half a billion dollars worth of addi-
tives affect over 100 billion dollars'
worth of food. Potential users have
generally been reluctant to add the
costs of testing to their normal costs
and risks of developing food prod-
ucts, since when the additive is
approved, all users will benefit.
Collaboration between additive pro-
ducer and users, and among users has
been restrained by concern over pos-
sible anti-trust implications. Mean-
while the kinds of data needed to
establish safety-in-use, and the cost
of obtaining them have steadily in-
creased. All of this has acted to re-
duce considerably the ease of intro-
ducing new food additives, even

when no problems of safety have
arisen. In view of these factors and
trends, it is quite clear that to main-
tain a flow of properly studied new
additives, mechanisms must be
developed to share equitably be-
tween producer and potential users
the cost of test ing and s a f e ty
evaluation.

Benefits

The use of additives is inextric-
ably tied up with the processing and
packaging food in an interdependent
relationship. The nature of the addi-
tives, processing, and packaging, to-
gether with the characteristics of the
principal raw materials, determine
the characteristics of the final food.

It has been commonplace to point
out that our modern food supply is
no longer restricted by geography or
s e a s o n . The c o m b i n a t i o n of
organized production and distri-
bution of food along with methods of
processing and preservation have
gone far toward assuring a wide
variety of attractive, safe, and
nutritious foodstuffs in most all
marketplaces. At the same time
urbanization, the fact that people
now tend to live predominantly
clustered in cities, has proved to be a
s t rong fac tor in dicta t ing the
preserving and processing methods
for food. The channel of distribution
from a grower through the processor

to the consumer (in a city) may be a
lengthy one. The length of time in
transit and the problems of quality
control at the retail end of the
distribution chain make desirable the
use of processing methods or added
materials which will permit the food
to retain its desired characteristics.

The principal benefits from the use
of food additives fall in the areas of
cost reduction, user convenience,
nutrition, safety, acceptability, and
increase in the variety of foods avail-
able (with a consequent impact on
nutrition and acceptability). These
benefits may be measured in specific
terms. Cost reduction may, for
example, result from greater stability
with a consequent lack of waste.
Thus, calcium propionate is used to
retard the growth of mold in bread.
An additive may avoid the need for
more expensive processing. For
example, beverages preserved with
sodium benzoate do not need to be
heat processed or concentrated and
frozen, both of which are sub-
stantially more expensive proc-
esses.

Additives extend the range of
applicability of processing methods.
The number of basic processes is
relatively few. These are (1) heat
processing, including both retorting
and aseptic canning, (2) freezing, (3)
dehydration, and (4) irradiation (not
yet available in the United States to
any significant extent). There are

EXHIBIT 8-8

FOOD ADDITIVE SALES BY PRIMARY TECHNICAL EFFECT AND MARKETS
(million of dollars)

Industry

Meat and Poultry
Dairy
Canning and Freezing
Grain Killing
Bakery
Confectionery
Beverage
Fats and Oils
Misc.. .

Total

Nutrition

03

4 5
3 0

2 4
05

10 7

Aesthetics

8.7
23.0
25.1
4.5

26 2
38.6
96 5

1.6
18.7

242.9

Preservation

03
2 4
08
0 1
5 0
0.4
1 8
2 6
06

14.0

Stability

4.7
17 6
134
4.9

10 5
5.7
8 4

35 6
31.9

132.7

Processing
Aid

6.9
21 6
39
5.5

153
1.9

622

50

66.3

Unclassified

0.7

5.0
11.1
0.3

17.3

TOTAL

20.6
65.6
43.2
19.5
60 0
51.6

1240
42.5
56.7

483.7
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variations and combinations of these
four basic procedures, all of which
are intended to render food more
palatable or to preserve it during its
journey from processor to con-
sumer. Not only are these methods
few in number, but they are not
universally applicable. It is, for
example, impossible to preserve let-
tuce by freezing, dehydration, or heat
processing. Pork does not freeze well
or keep long in the frozen state. All
the processes, except irradiation,
tend to alter texture, sometimes
drastically. Freezing usually has lit-
tle effect on flavor, but other proc-
esses alter it in rough proportion to
the severity of the process condi-
tions. Thus, the options available to
the manufacturer are relatively limit-
ed. Additives perform an invaluable
function in extending these options.
It is worth pointing out, however,
that the relatively low cost of chemi-
cal additives has relieved the food
industry of any sizable incentive to-
ward more rapid and varied develop-
ment of food processing. It seems un-
likely that the number of basic proc-
esses (dehydration, freezing, heat
processing, etc.) would be very large
in any case. Additives are undoubt-
edly an economical and functionally
preferable alternative to the costly
and tedious exploration of process
variations.

Another respect in which addi-
tives lower cost is in the possibil-
ities they offer for large-scale proc-
essing. Potatoes, for example, can be
peeled by an abrasive peeler or a lye
peeler far more economically than by
hand in the restaurant. Once they
have been peeled, however, they
must either be canned which changes
and limits texture or flavor, or they
must be frozen or dehydrated in order
to preserve them. Dehydration,
which is the least expensive of these
processes, and for some purposes the
most satisfactory, involves the use of
sulfite to prevent browning, an anti-
oxidant, such as butylated hydroxy-
anisole, to avoid rancidity, a phos-
phate to assist in water reabsorption
by the potato cells, and frequently
the addition of Vitamin C to assure

the presence of a principal nutri-
tional value of potatoes.

Additives may also reduce cost by
permitting the upgrading of prod-
ucts such as through the use of clari-
fiers, hydrolytic enzymes, and other
processing aids.

In objective technological terms, it
is possible to measure the increase in
nutritive value from the addition of
vitamins or amino acids, or increase
in shelf life due to an antioxidant or a
preservative. Sensory evaluation
panels can measure fairly accurate-
ly the increase in acceptability due to
improvement of aesthetic factors. A
further point related to shelf life is
the additional margin of safety which
additives confer in rendering the
product in which they are used more
resistant to abuse by food handlers
during transportation and sale, and
by the housewife in storage at home
or in preparation. Thus, Vitamin C
and citric acid added to fruits pre-
vent browning if the frozen fruit is
exposed to the air for an undue length
of time. Emulsifiers and stabilizers
provide a degree of assurance of suc-
cess with such convenience foods as
angel food cakes, an assurance that
was simply unobtainable by the
older method of preparation. The
manufacturer must assume that his
product will be abused, and that his
directions will not be followed
adequately. Additives aid in several
ways to protect against these risks.

It is a temptation to set up a scale of
benefits from the use of food addi-
tives, placing at the top the preserva-
tion of food from life-threatening
contamination, and moving down
through the slightly less important
nutritional benefits, to cost savings
or reductions, and finally to what
have sometimes been called cosmet-
ic or aesthetic benefits. One can se-
lect examples of each. Yet to set up
such a scale and say "forget all but
the highest" is naive and simplistic.

A foods policy predicated on the
slogan, "let them eat unattractive,
tasteless food, so long as it is free of
threatening contamination and
serious losses of nutrients" would

meet universal resistance, since it
would ignore the social, religious,
and personal aspects which actually
dominate our food habits. Factors
affecting acceptability are far from
dispensable; there is a very large
body of evidence19 which points to
the vital role of appearance and taste
in staying well nourished. Such fac-
tors affect both proper food choice
and adequate physiological re-
sponse to food intake. To keep our
fellow man healthy, we cannot ne-
glect the taste and appearance of his
food.

If we are to keep human welfare in
mind, we dare not confine "food addi-
tives" to their "higher" uses. We
would also find it difficult or impos-
sible to be sure to which single bene-
fit a given additive in a given food is
supposed to contribute. And we
would have to face the difficulty that
for almost every additive, in almost
every application, there exists a
substitute—either another additive
or a change in processing—slightly
less effective, convenient, or attrac-
tive, or more expensive. And for most
cases, the benefits are exchangeable,
and interrelated, and largely over-
lap. Examples of consumer choices in
which attractiveness and palata-
bility outweigh economy and nutri-
tion are countless. Yet personally
weighed cost factors always enter
into food choices and may be abso-
lute determinants, considerations of
preference, nutrition, and even safe-
ty notwithstanding. Safety aspects
are so poorly understood by the pub-
lic, and so frequently violated, that
public choices often frustrate both
g o v e r n m e n t a l r e g u l a t i o n a n d
manufacturers' designs.

The application of food additives
and processing are shaped to meet
public demands as measured in the
marketplace. The partial solution to
these problems lies in making these
demands as well informed as pos-
sible, rather than in making
deceptively simple administrative
choices magically insulated from
public preference, among values that
in reality are nearly always com-
plex, shifting, and subjective.
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Hazards

An answer to the question, do food
additives represent a hazard to
human health, will always be impos-
sible to answer conclusively. It is
difficult to answer it as adequately as
we should, because our information
is not, and never will be sufficient.
Hazard implies the probability of
human exposure as well as the inher-
ent biological effects which take
place with sufficient exposure. By
virtue of the previous discussion, it
can be predicted with some certain-
ty that exposure to some food addi-
tives is very widespread.

We have discussed the size of our
sucrose intake. There is currently
controversy about the role of su-
crose in the development of coro-
nary artery disease20 21. It appears
that its effect is probably smaller
than that of other risk factors such as
calorie intake22, lipid composition,
and hypertension. The role of su-
crose in dental decay, however, is
clearly established23.

Intakes of salt only slightly higher
than normal are widely suspected of
contributing to hypertension.24 By
definition, to the extent that we are
dependent upon processed food,
ingestion of food additives, direct
and indirect, will occur. In fact, such
exposure is reasonably judged as
involuntary, inexcapably of lifetime
duration, and involves a very large
segment of the population. How-
ever, the levels of all but a few added
materials in individual food items are
relatively low. Given this near ubiq-
uity of low-level additions to the diet,
it might be hoped that there existed a
reasonable fund of scientific
information to define biological
effects and some information on
human biological effects.

In fact, the biological information
is probably less available in the case
of food additives than for other
regulated chemicals (drugs and
pesticides, for example). One reason
for this situation is the way in which
legal authorities have dealt with this
class of materials over the years. As
discussed earlier in this section,

when the 1958 Food Additives
Amendment was adopted, there was
relatively little known in a general
and systematic way about the food
additives in use at that time. Through
these a m e n d m e n t s , Congre s s
demanded judgments on the safety of
food additives where appropriate
scientific information did not exist
and within a time limit prohibiting
the systematic collection of these
data. The result was the GRAS list
which was, indeed, based on the best
judgments of scientists in this field.
As a result of the GRAS review proc-
ess, some food additives were re-
moved from a list of candidates for
GRAS approval. One of the criteria
for judgment of general recognition
of safety was a record of apparent
safety associated with use of the
chemical by the general population.
In most cases, however, there had
been l i t t le attempt to search
systematically for biological effects
either in human populations or
among laboratory animals. The
major i ty of food additives are
permitted for use through judg-
ments based on data which were con-
sidered adequate at one time but
must now be ranked as "prelimi-
nary." There is no present evidence
from epidemiological or other
sources that points particularly to
food additives as possible sources of
hazards meriting special investi-
gation. Rather, our knowledge should
be pushed forward in this area
consistently with our knowledge in
other areas of environmental expo-
sure.

A second reason for the insuffi-
ciency of information is the relative
uncertainty over the composition of
many food additives. Food additives
represent a wide variety of mate-
rials—some better characterized
than others. Synthetic materials, in
general, are better defined than are
naturally occurring additives or the
naturally occurring food compo-
nents themselves. Impurities in the
latter case are more likely than in the
former. In other cases, a generic
name, such as caramel, may cover a
variety of methods of manufacture

that can lead to distinctly different
products some of whose components
have yet to be identified. On top of
this, there are possibilities and
instances of interaction of food
constituents and added components.

A third reason for a lack of
information is the relatively
unsophisticated biological science
which has been applied to that re-
search and testing done in behalf of
food additives. We have already men-
tioned that up to now there has been
little incentive on the part of food
additives manufacturers to make
large investments in behalf of an
understanding of biological effects.
Where food additives originate with
large chemical producers, they typi-
cally represent a small fraction of
their total business and their profita-
bility does not encourage large extra
expenditures. Where they are the
product of small concerns, these
manufacturers often cannot afford to
underwrite sophisticated back-
ground research. Food processors,
who are the users of food additives,
have typically not shared in the
responsibility of supporting or per-
forming the evaluation research. (In
Great Britain, it is the food proc-
essing industry which undertakes
the responsibility of evaluating food
a d d i t i v e s for s a f e t y and of
demonstrating their benefits.)

For these and other reasons, much
of the research on safety evaluation
of food additives has been carried on
in independent commercial labora-
tories on a contract basis. The qual-
ity of this work has varied over a
wide range. In part this resulting
quality is a reflection of the types of
scientific questions posed. As with
other categories of chemicals in our
environment, there has been a strong
tendency to seek answers through
"standard" tests of toxicology. There
has been a corresponding tendency
on the part of the supplier of informa-
tion to substitute a mass of data for
quality and for sophistication of re-
search. As a result, there has been
relatively little in the way of good
scientific insight applied to the de-
sign of experiments which would re-
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veal data on mechanisms of biologi-
cal action, on metabolism and on
dose-response relationships. Fur-
ther, there is little in the way of
information collected systemati-
cally from studies in humans.

Others have suggested a series of
scientific questions which deserve
examination.25 Some of these are
genetically - determined intolerance
due to inborn metabolic deficiencies,
induction and inhibition of micro-
somal enzymes, biochemical, physio-
logic and pharmacologic actions,
immuniological effects, and patho-
logical effects.

All these questions should be
asked. The sense of urgency with
which we seek answers, and the de-
gree of confidence the answers need
to possess, should be proportionate
to the implied hazard. It should, how-
ever, be emphasized that there is
little evidence to suggest that cur-
rent food additive usage involves
significant health hazards. There are
many examples showing that the
advancing science of toxicology,
industry response, and government
regulation have progressively and
promptly eliminated known haz-
ards, including some that were
doubtless extremely remote—far
more remote than some of the haz-
ards from naturally occurring toxi-
cants mentioned earlier. What
science and regulation are now be-
ing asked to do is to eliminate or re-
duce unknown hazards, or those
known hazards that spring from
causes still unknown. This becomes
constantly a more difficult, expen-
sive, and time-consuming activity.

COSMETICS

Other than food and religious
practices, there are few areas of
human activity in which large, pri-
vate expenditures of time, money,
and effort are more culturally con-
trolled, and supported or modified by
subjective preference than in the use
of cosmetics. Examples drawn from
ancient civilizations and f rom
contemporary, primitive, and "ad-

vanced" societies support this state-
ment. Next to food for the body, and
food for the soul, comes food for the
ego.

The ancient history of cosmetics,
like that of foods and drugs, offers
many instances of the use of hazard-
ous materials, usually th rough
ignorance, sometimes through
indifference. As our knowledge of
toxicity of the materials we use has
increased, those that present known
hazards have been dropped (as
happened with thallium compounds
in depilatories) or restricted in use so
that the remaining hazards are mini-
mal (as with lead salts or aniline dyes
used in hair coloring).

Cosmetics usage covers a wide
range of types and frequencies of
exposure. Some may be ingested, as
lipstick. Others involve exposure
solely on or through the skin. Still
others, such as hair spray, may be
partially or unintentionally inhaled,
and a number are applied to sensi-
tive areas like the eyes or genital re-
gions. Some cosmetics are used daily
by a large fraction of the population.
Others, such as moustache wax, are
used rarely, or by only a few. Some
are on the hazy borderline between
cosmetics and drugs, such as mouth
washes; others are clearly drugs; e.g.,
dandruff treatments and antiper-
spirants.

The total market for cosmetics is
about $6 billion annually. One pub-
lished source26 reports estimates that
cosmetics and toiletries can be divid-
ed into 30 major product categories
which in 1971 consumed 2 billion
pounds of chemical raw materials
valued at $520 million. Clearly, this
industry spends a high proportion of
its sales on packaging and promo-
tion. A breakdown of the categories
is in Exhibit 8-9 and of the raw mate-
rials in Exhibit 8-10.

From what may be judged from hu-
man experience, the incidence of in-
jury is small. There have been no re-
ported recent deaths. In 1971, FDA
had 314 complaints reporting in-
juries from cosmetics. Obviously,
these are a small fraction of the total.

The total injuries from the use or

misuse of cosmetics are unknown;
one rough and doubtful estimate
from the report of the National
Commission on Product Safety, is
about 60,000 cases per year27. Impor-
tant as these are to the individuals in-
volved, even this estimate is only 0.4
percent of the reported accidents or
injuries from a partial list of con-
sumer products, not including foods,
drugs, automobiles, firearms, or ciga-
rettes. These figures receive a degree
of confirmation elsewhere in the
Commission's report. Beauty aids
were responsible for 48 injury cases,
or 0.5 percent out of 9,376 cases re-
ported in a physicians' survey. In the
total pattern of environmental risks,
those from cosmetics are both infre-
quent and slight.

The majority of injuries, whether
judged by complaints which FDA has
recieved and investigated28 or by the
insurance claim data used by the
Commission on Product Safety29 30,
involve allergic responses—skin
eruptions, itching, asthma, etc.
Unfortunately, allergenicity is one of
the adverse effects for which animal
tests have quite limited predictive
value. Animal tests may be helpful in
ruling out potent sensitizers or irri-
tants in preparation for decision as to
the safety of proceeding with human
studies. The latter are essen-
tial—even though cumbersome, ex-
pensive, and uncertain—for predic-
tion of very weak or infrequent
effects. It is customary to carry out
not only experimental human
prophetic patch testing, but also
some form of practical usage tests. A
combination of such testing, chance
anecdotal observations recorded in
the literature, and the reported re-
sults of accidental or occupational
exposures, have provided some basis
for judgments.

As a result of such information and
judgments, a number of sensitizers
and other potentially hazardous
ingredients have either been dropped
from use or accompanied by suitable
ins t ruct ions and precaut ionary
labeling. It seems likely, though solid
information is lacking, that the ac-
tual injury rate from cosmetics has
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declined, 'while the complaint rate
has increased as a result of greater
consumer awareness of the Food and
Drug Administration as a regulatory
agency, and of the existence of legal
and insurance remedies.

While there are no formal pretest-
ing or preclearance requirements for
cosmetics, the total effect of individ-
ual and informal review (usually pri-
vate rather than governmental),
together with the innocuousness of
most materials used, has made the
injury rate fairly low by comparison
with other widely prevalent sources

of hazard. As March and Fisher com-
ment.31 "Dermatitis due to the use of
cosmetics is uncommon. The low
incidence is especially noteworthy
when one considers the innumerable
cosmetics that are used daily by both
men and women." Trade associa-
tions, such as the Cosmetic, Toiletry
and Fragrance Association (CTFA),
provide an advisory service on mate-
rials and standards. The CTFA has
recently petitioned32 the FDA to issue
a regulation for the voluntary report-
ing of cosmetic product experience.
This arrangement, if it works well,

will provide a far more adequate
basis for assessing product safety
and the possible need for further
measures. The manufacturers have
also agreed to make available
information on the identity of the
ingredients to assist users with
specific allergies in avoiding those to
which they are sensitive. Addi-
tionally, the fragrance industry has
currently under way a compre-
hensive review of fragrance ingre-
dients which seems likely to elimi-
nate from use any remaining agents,
not now recognized, which may be
significantly sensitizing.

EXHIBIT 8-9
ESTIMATED U.S. PRODUCTION OF MAJOR COSMETICS

AND TOILETRIES (1968 AND 1971)

Toilet soaps
Women's hair sprays
Mouthwashes
Dentifrices
Shampoos
Face creams
Deodorants
Shaving creams
Hand lotions and creams
Shaving lotions and colognes
Baby powder
Hair colorings
Men's hair dressings
Men's hair sprays
Denture products
Talcum powder
Cream rinses
Face powder
Women's fragrances
Women's hair dressings
Suntan preparations
Bath oils and salts
Nail and cuticle removers
Makeup bases
Feminine hygiene sprays
Permanent wave kits
Lipstick
Nail polish
Eye products
Depilatories and other

Million

1968

550
350
200
150
125
100
60
43
40
36
40
35
29

...
20
15
13
13
8
7
7
6
8
6

...
6
4
4
1
3

Ib

1971

600
420
250
175
160
130
95
50
45
58
45
40
30
30
25
17
17
14
11
10
10
9
9
7
7
5
5
5
2
4

Avg.
increase

Percent
per year

2.8
6.3
4.8
5.2
8.6
9.2

16.4
5.0
4.0

10.0
4.0
4.5
1.5
—
7.6
4.2
9.5
2.5

11.2
12.7
12.7
14.6
4.0
5.2
-

(9.4)
7.5
7.5

26.0
10.0

EXHIBIT 8-10
ROUGHLY ESTIMATED U.S.

SALES OF PRINCIPAL
COSMETIC RAW MATERIALS

IN 1971

Millions of Dollars

Perfume oils $170
Fluorocarbon propellents 90
Tallow 40
Coconut oil 30

Alcohol, denatured 25
Surfactants 25
Flavors 15
Glycerine 15

Mineral oil 10
Fatty acids 10
Fatty esters 8
Sorbitol 8

Antiperspirants
Bacteriostats
Calcium phosphates
Dyes

Total 1,879 2,285 6.7

7
7
7
7

Hair polymers—proteins 7
Lanolin and derivatives 5
Caustic soda 4
Pigments 4

Thickeners and gums 4
Sunscreen agents 2
Talc 2
Thioglycolic acid and salts 2

Miscellaneous inorganic chemicals .. 4
Miscellaneous organic chemicals 7
All other materials 5

Total $520
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CHAPTER 9

HOUSEHOLD PRODUCTS AND
INDUSTRIAL CHEMICALS

HOUSEHOLD PRODUCTS

Some or most of the exposure to the
major classes of chemicals dis-
cussed elsewhere in this report takes
place in the home. Among these are
prescription and over the counter
(OTC) drugs, pesticides for house-
hold, pet, or garden use, food
additives, and cosmetics. These
product categories also are covered
by specific statutory and regulatory
provisions.

Additionally, there are indirect
exposures from pesticide residues
and environmental contamination.

Beyond these categories, we
purchase'for home use a myriad of
materials needed or convenient in the
operation of a household. These
include:

Adhesives
Solvents
Soaps, detergents, polishes, and

cleaning supplies
Toiletries
Space deodorants
Hobby supplies
Plastic articles and toys
Synthetic fabrics, and many

others.

In many of these cases, the quanti-
ties involved are large. For example,
over a billion pounds of soaps and
detergents were purchased for
household use.1

The public is warned against
possible dangers arising from the
purchase and use of these chemicals
b y t h e F e d e r a l H a z a r d o u s
Substances Act (1969) which was
o r i g i n a l l y t i t l e d the Federa l
Hazardous Substances Labeling Act
(1961). These acts define a hazard-
ous substance very broadly as: "Any
substance or mixture of substances

which (i) is toxic, (ii) is corrosive,
(iii) is an irritant, (iv) is a strong
sensitizer, (v) is flammable, or (vi)
generates pressure through decom-
position, heat, or other means, if such
substance or mixture of substances
may cause substantial personal
injury or substantial illness during or
as a proximate result of any custom-
ary or reasonably foreseeable han-
dling or use, including reasonably
foreseeable ingestion by children."
The acts also define the word "toxic"
to mean any substance "which has
the capacity to produce personal
injury or illness to man through
ingestion, inhalation or absorption
through any body surface." The acts
then go on to specify how materials
classed as hazardous must be labeled
when they are made available to the
public. Special attention is given to
identification of hazards to children.

To provide background infor-
mation, the Department of Health,
Education and Welfare issues an
annual list of toxic substances. The
1972 list reports on the toxic
characteristics of over 13,300 com-
pounds.2

These safeguards provide useful
information on acute toxic effects
and on proper usage to avoid such
effects. There are no controls over the
composition of household sub-
stances and, providing the labeling
properly spells out the hazard, actual
contents may be substant ial ly
altered and new materials added
without an opportunity for the
consumer to realize it. The use of the
expression, "inert ingredients", is
generally intended to mean inert for
the main purpose of the compo-
sition. Such ingredients may not be
inert from other points of view. Thus,
a hydrocarbon propellant in an

insecticide spray would be inert with
respect to killing insects, but highly
active from the point of view of
catching fire although, again, this

.hazard would have to be identified on
the label.

As with all other classes of
chemicals with which we deal, the
less obvious and slower conse-
quences of exposure to household
agents are not well enough studied or
understood, either through epidemio-
logical studies or animal testing.
Long-term chronic toxicity testing is
not required for most common house-
hold substances, and the potential
hazard from such exposure is un-
defined as it is for most of the
materials, natural and man-made,
which man encounters in the
environment.

Industrial Chemicals and
Occupational Exposures

I n d u s t r i a l economies have
expanded to meet the needs of
growing populations and to assist in
improving living standards. The
opportunities for using a myriad of
manufactured chemicals of naturally
occurring chemical substances have
increased with proport ionate
rapidity. Exhibit 9-1 illustrates the
consumption of raw materials for the
manufacture of synthetic organic
chemicals and the rate of production
of various classes of consumer
products from these between 1949
and 1969.

It is worth noting the large, per-
centage increases in these sub-
stances over the twenty-year period.
A study in 1963 which contemplated
resource needs in the future took note
of the fact that the rate of production
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of hydrocarbons from oil and natural
gas had been growing at a rate of 15
percent per year compounded.3 This
was equivalent to a quadrupling
every ten years.

However, the manufacture of these
materials accounts only for a small
fraction of the total quantity of oil
and gas consumed. Similar or even
larger quantities are involved in the
manufacture of inorganic chemicals
such as chlorine, sulfuric acid and
Portland cement. To aid in grasping
the significance of the quantities
involved, the total for manufactured
consumer organic chemicals of 100
billion pounds corresponds to 500
pounds per capita in a population of
200 million.

Certain chemical exposures occur
only in occupational environments;
e.g., chemical intermediates which
neither exist in consumer products
nor are released intentionally or
inadvertently to the environment.

Most occupational exposures
involve substances with which the
public has some contact. The occupa-
tional exposure will generally
involve higher concentrations, more
f requen t and extended contact
periods, and, very often, different

routes of exposure (e.g., through skin
contact or inhalation rather than the
diet) than the consumer experiences.
In many cases, partly because of
these differences, the industrial ex-
posure may be better monitored and
controlled, and the industrial worker
more trained to exercise appropriate
precautions. Unfortunately, the
appropriate safeguards are often not
available or are disregarded.

Until recently, it was widely
accepted that a certain amount of risk
to health or life was a normal
condition of gainful employment.
Extreme risks to health were encoun-
tered during the Industrial Revo-
lution in England and are being
encountered today in countries
undergoing rapid industrialization.
As acute hazards were recognized in
t h e f o r m o f d e a t h s d u e t o
occupational diseases and injuries,
control measures were introduced to
reduce greatly the human toll in most
industries. This trend occurred
earliest and most completely where
the effect was obvious, and easily
associated with a specific cause. It
has happened more slowly or less
completely where the effect was
subtle, slow in becoming evident, and

EXHIBIT 9-1

PRODUCTION OF SYNTHETIC ORGANIC CHEMICALS IN THE U.S.
BETWEEN 1949 AND 1969

Raw Materials and Intermediates*

Consumer Products Grand Total:
Pesticides & Related Products

Elastomers

Rubber Chemicals

1949
(Ibs.)

8x 10'

1.6 x1010

1.4 x 10*
4.2 x 107

2.4 x 10'
1.5 x 10'
9.5 x 10*
4.3 x 10*
1.7 x 10*

8x 107

1 .4 x 1 0*
3.7 x 10'
1.2 x 10' °

1969
(Ibs.)

1 x10"

1.1x10"
1.1 x 10'

2x 10*
1.2 x 10*
1.9 x 10' °
4.5 x 10'
3.9 x 10'
1.4 x 10'

3x 10*
2.4 x 10*
6.1 x 10'
7.6 x 10' °

%
Increase

1150

581
- 686

376
400

1167
374
807
724
275

71
65

533

* Includes crude products from petroleum and natural gas, and Intermediates
derived therefrom.
Source: Data from the U.S. Tariff Commission.

less easily ascribed to a causative
agent.

In spite of progress, occupational
diseases and injuries have con-
tinued to be serious problems and the
"environmental awakening" has led
workers to question why the
environment they work in should be
any more hazardous than the
community expects for the general
environment. Today, approximately
125,000 coal miners have lung
disease t attributable to inhalation of
coal dust and thousands more have
respiratory disease from other kinds
of exposure in mines. Byssinosis, a
lung disease of cot ton textile
workers, is highly prevalent, though
exact numbers are not available.
There are several current epidemics
of disease related to asbestos
exposure, which can produce a
crippling scarring of the lung and two
different highly malignant tumors of
the lung and the lining of the chest
and abdomen. Various other cancers
are known to occur from chemical
exposures in the working environ-
ment.

Over 2,000 new cases of silicosis
occur each year in the United States,
Other "old" occupational diseases,
such as lead and mercury poisoning,
still occur with regularity. The above
diseases are well known, well-recog-
nized forms of occupational disease.
Reliable estimates are available for
toxic doses; that is, we know what
level of exposure is safe. However,
working environments are not being
controlled as they should or could be,
part icular ly in smaller or less
modern firms, and in "depressed"
industries.

In addition to these existing
diseases related to occupational
exposure, the introduction each year
of new chemicals and industrial
processes, inevitably involving
disease-producing potential, poses
serious problems in prevention.
Small wonder that there has been a
tremendous increase in interest in
occupational health in the United
States on many fronts. Companies,
union officials, and workers have
become much more interested in
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hazardous exposures and their
control.

Partly from this interest, an impor-
tant piece of health legislation was

produced. The Occupational Safety
and Health Act of 1970 has far-
ranging implications. In essence, its
goal is to assure that workers sustain

no harm or loss of functional capactiy
as a result of their work environ-
ment. This goal will require much
manpower and money to fulfill.
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CHAPTER

EFFLUENTS AND BY-PRODUCTS

Under this heading we will consid-
er those pollutants which, after dis-
charge into one of the media on which
man and the biosphere depend (air,
water, soils], expose people or their
environment. Exposures of workers
in the course of their occupation are
thus not covered here. Exposures
incidental to the use of specific prod-
ucts, e.g., household chemicals, are
similarly dealt with elsewhere. Haz-
ards and benefits relating to drugs
and food additives are likewise
considered in other sections.

These unintentional general
pollutants have been the central
focus of the increasing and wide-
spread concern for environmental
contamination that has emerged in
the last decade. Both air and water
pollution have received widespread
public and legislative concern. The
former , particularly, has been
extensively studied and techno-
logical controls and legislative re-
straints have matured very rapidly in
the last fifteen years.

TYPES

The problem can be examined in
many different ways: by the medium
that is polluted (air, water, soil); by
the polluting chemical (organic,
inorganic, etc.); by the target orga-
nisms (people, plants, wildlife); by
the nature of the effects (odors,
respiratory irritants, carcinogens,
teratogens, mutagens, egg shell
thinning of birds as with DDT, DDE,
and other chlorinated hydro-
carbons); or they can be examined
with respect to the sources of the
pollutants (natural or man-made,
direct discharge or secondary prod-
ucts, single or major sources in con-
trast to widely disseminated mul-
tiple sources). Each point of view

brings with it certain insights and
understanding which provide useful
instruction.

EXTENT AND RECENT
TRENDS

Massive collections of data exist
on certain pollutants in some geo-
graphic regions. Consistent country-
wide data are much more scarce.
There are at this time increasing
efforts to develop uniform and
consistent regional data which
would make it possible to evaluate
comparative regional patterns and
time trends. EPA has collected air
and water data nationally for some
years, and the Geological Survey has
now started a "Reconnaissance of
Selected Minor Elements in Surface
Waters of the United States."

Exhibit 10-1 illustrates estimates
of selected total emissions to the air
in the United States by source.
Transportation (primarily the
automobile) is clearly the major
source of carbon monoxide (CO) and

hydrocarbons (HC). Fuel combus-
tion in stationary sources (space
heating and power production]
accounts for most of the sulfur diox-
ide, while industry is credited with
most of the particulates.

Time trends in these emissions are
illustrated in Exhibit 10-2. Although
total emissions of sulfur dioxide or
carbon monoxide show no signif-

• icant change, an analysis of ambient
air levels (Exhibit 10-3) does show
recent decrease in concentration. In
New York City, the decline in am-
bient SO2 concentrations over recent
years (Exhibit 10-4) is clearly trace-
able to restrictions on the sulfur con-
tent of fuels used in New York City.

With a few exceptions reliable fig-
ures to describe the extent of water
pollution in specific bodies of water
are difficult to find. Five year (1965-
1970) water pollution trends are
shown in Exhibit 10-5; these data
show a major deterioration in the
number of stations showing signif-
icant increase in nutrients, the cause
of stream eutrophication.

EXHIBIT 10-1
ESTIMATED EMISSIONS OF AIR POLLUTANTS BY WEIGHT,

NATIONWIDE, 1970 (PRELIMINARY DATA)

Source

Transportation
Fuel combustion in

stationary sources
Industrial processes
Solid waste disposal
Miscellaneous

Total
% change 1969-1970

(in millions of tons per year)

CO

111.0

0.8
11.4
7.2

16.8

147.2
-4.5

Particulates

0.7

6.8
13.1
1.4
3.4

25.4
7.4

sox

1.0

26.5
6.0
0.1
0.3

33.9
0.0

HC

19.5

0.6
5.5
2.0
7.1

34.7
0.0

NOX

11.7

10.0
0.2
0.4
0.4

22.7
+4.5

Source: Environmental Protection Agency
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EFFECTS

How extensive is the problem? The
answer is that we have some and
limited information in a few areas
and substantial ignorance in others.
Thus, it is very clear that major air
pollution episodes have resulted in
significant and identifiable deaths
and illnesses, notably the classic
Donora episode in 1948 with some 20
deaths and many illnesses, and the
still more disasterous week in
London in December of 1952 for

which some 4,000 excess deaths were
recorded. Although the consequence
of those levels of air pollution
routinely found in our large urban
and industrial centers are poorly
assessed both quantitatively and
qualitatively, we can nevertheless
put these effects into a rough scale.
Thus, it has been estimated that air
pollutants in our large urban centers
may be responsible for some 15 per-
cent of the 40,000 deaths per year
from respiratory diseases other than
cancer. The uncertainty in these esti-

EXHIBIT 10-2

WEIGHT OF EMISSIONS, 1940-1970
POLLUTANTS (TONS X 106)

Year

1940
1950
1960
1968
1969
1970

S°x

22
24
23
31
34
34

CO

85
103
128
150
154
147

Particulates

27
26
25
26
27
25

HC

19
26
32
35
35
35

IMOX

7
10
14
21
22
23

Source: EPA, "Nationwide Air Pollutant Emission Trends,
1940-1970"

EXHIBIT 10-3
TRENDS IN AMBIENT LEVELS OF SELECTED AIR POLLUTANTS
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f g
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o tn
•

1957 '58 '59 '60 '61 '62 '63 '64 '65 '66 '67 '68 '69 '70

Source: The Mitre Corp. MTR-6013. Based on Environmental Protection
Agency data.

mates derives from the fact that these
effects are in fact relatively small in
terms of the "normal" levels of these
diseases. Were the effects over-
whelming, they would be more
susceptible to easy quantification. A
similar uncertainty surrounds the
contribution of air pollutants to can-
cer and in particular to lung cancer.
Cigarette smoking is clearly the
major contributor to lung cancer in
this and in most developed coun-
tries. If urban air pollution contri-
butes, it is clearly a much smaller
contribution than that of cigarette
smoking. When cigarette smoking is
accounted for, there does remain in
essentially all studies to date, a slight
excess of urban lung cancer over the
rates in the rural areas. It has not
been possible to correlate this small
difference in any quantitative way
with levels of air pollutants found in
cities studied. Other factors than air
pollution could account for these
differences, e.g., ethnic, occupa-
tional or dietary differences; but air
pollution could also be responsible.
Again, here as with respiratory dis-
ease, although precise quantifica-
tion cannot be established, upper
limits can be estimated. One estimate
suggests that perhaps 5 percent of the
55,000 annual lung cancer deaths
arise from air pollution.

Although these effects may be
relatively small in comparison to
other factors, they are clearly and
obviously of consequence, especial-
ly in that they represent controllable
influences on human health; simi-
larly the effects are obviously of in-
tense moment to those affected.

Our understanding of water pollu-
tion is less well matured than that of
air pollution, particularly as it re-
lates to human health. Thus, there are
relatively few examples where water
pollutants have been clearly indenti-
fied with human health effects.
Methylmercury poisoning, as
exemplified by Minamata Disease,
arising from the comsumption of fish
with heavy burdens of methyl-
mercury derived f rom mercury
contaminated waterways, is one of
the most vivid examples. Another
disease, Itai-Itai, also described in
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Japan, has been associated with the
metal, cadmium. DDT poisoning in
fish-eating birds has been well estab-
lished and bears close analogy to the
hazards of eating contaminated fish
as in the case of mercury.

Eutrophication, which has aroused
so much concern, is often traceable to
"pollution" by an excess of a normal
nutrient, namely phosphate. In this

case, the normal balance of biota in
the waterway is shifted in favor of
algae and against other forms of
aquatic life such as fish.

We have even less direct informa-
tion on soil contaminants and their
relation to health or environmental
effects. We have nevertheless many
hints that selenium in certain re-
gions is incorporated into grazed

EXHIBIT 10-4
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PERCENT OF HOURLY SO2 AVERAGE
ABOVE 0.25 PPM

plants in sufficiently high levels to
produce killing of livestock. Nitrate,
which moves through soils, waters
and the atmosphere in enormous
quantities in the natural nitrogen
cycle, can also under certain circum-
stances be accumulated in plants in
quantities toxic to livestock. Despite
the immense quantities involved in
this natural cycle, man's interven-
tion, through the use of nitrogen in
fertilizers and the nitrogen in the
excreta of livestock in feedlots, can
produce significantly excessive local
concentrations /of nitrate. Similarly
nitrogen fixation in space heating,
power production and the operation
of internal combustion engines
contributes significantly to the nitro-
gen cycle. This normal material when
found in excessive quantities, for
example in some rural wells, has pro-
duced toxic methemoglobinemia in
infants whose formula was pre-
pared from well water with high
concentrations of nitrate.

BENEFITS

A discussion of the benefits asso-
ciated with pollutants such as those
we have been considering leads one
into strained banalities. It is obvious
to all that the heavily polluting
automobile is a useful and some-
times a pleasant thing to have with
us, that we need to warm our homes
in the cold season, that the mercury
that fills our teeth or goes into our
radio batteries brings benefit, and
that the electricity that lights our
homes and cooks our food is virtually
indispensable. In retrospect, it seems
clear that the DDT that constitutes a
heavy burden in our agricultural
soils and many waterways was, for
most agricultural purposes, a poor
choice among the pesticides which
became available in increasing
variety. At the time, it commended it-
self for its effectiveness, low cost,
and low mammalian toxicity.
Furthermore, in malaria control,
DDT has been a major success story
and has saved millions of lives. Thus,
in most instances, the benefits are



84

readily apparent and probably in
most cases have more than justified
the adverse side effects. It may be a
defendable proposition that the
availability of electricity has saved
as many lives of the elderly through
its use for air conditioning during
episodes of high ambient tempera-
ture as it has taken through the
pollutants produced in its produc-
tion.

SOURCES

It is equally apparent that we have
been casual, careless and thought-
less in our indiscriminant pollution

of the environment. In most in-
stances we have learned, and in-
variably belatedly, that the benefits
could be retained while instituting
controls of acceptable cost. Thus,
restriction in the sulfur content of
fuels used in power production has
lead to a progressive decline in sul-
fur dioxide content of the air of New
York City over the last six years
without sacrifice in the extent of
power production or any major im-
pact on price. The next stage of
reduction will, however, be much
more costly. In the area of power
product ion , uninformed appre-
hension could well delay the attain-

EXHIBIT 10-5

POLLUTANT SOURCE TYPE AND TRENDS FOR

DRAINAGE BASINS WITH LOW AGRICULTURE

AND HIGH POPULATION OR HIGH INDUSTRY,

OR BOTH HIGH - % OF STATIONS IN EACH CLASS

Pollutant Type*

Dissolved Oxygen
(± 10%)
(Number of Stations)

Oxygen-Demanding
Load (± 25% BOD,
± 20% COD, TOO
(Number of Stations)

Nutrients— Total
Phosphorus, Organic
Nitrogen & Ammonia
(± 30%)
(Number of Stations)

Nutrients-Soluble
Phosphates (± 30%)
(Number of Stations)

Nutrients— Nitrite &
Nitrate (± 30%)
(Number of Stations)

Salinity-Total
Dissolved Solids
(± 15%)
(Number of Stations)

Suspended Sol ids &
Turbidity (± 40%)
(Number of Stations

Dominant
Flow Effect

Dilution

4
( 1)
'

11
( 2)

0
( 0)

17
( 1)

7
( 1)

46
( 7)

0
( 0)

Mixed

76
(19)

58
(11)

80
(12)

83
( 5)

86
(12)

54
( 8)

65
(15)

Runoff

20
( 5)

31
( 6)

20
( 3)

0
( 0)

7
( 1)

0
( 0)

35
( 8)

Time Trend, 1965-1970
Better

11
( 4)

48
(15)

18
( 4)

0
( 0)

5
( 1)

9
( 2)

21
( 7)

No Trend

75
(27)

29
( 9)

18
( 4)

64
( 7)

30
( 6)

67
(14)

76
(26)

Worse

14
( 5)

23
( 7)

64
(14)

36
( 4)

65
(13)

24
( 5)

3
( 1)

^Thresholds used for determining existence of trends are given In parentheses after
pollutant type. Actual levels are based on observed variability of concentration
versus flow curves.

Source: Envlro Control, Inc.

ment of the next stage of benefit by
unduly inhibiting conversion to nu-
clear power.

Alertness and pressures for con-
trols are essential. It was only under
regulatory pressure that we learned
that chlorine and alkali could be pro-
duced by the electrolytic process
with virtually zero loss of mercury to
the environment rather than the half
pound and more mercury per ton of
chlorine that was discharged earlier
to waste waters.

The problem is sometimes a
relatively simple one in which
sources and distribution are straight-
forward and ident i f iable , for
example, the discharge of carbon
monoxide from the tailpipe of
automobiles. In others and perhaps
in most instances, the problem can be
very much more complicated. Mer-
cury is perhaps a good example of
these complexities. It is very clear
that the fish taken from inland and
estuarine waters adjacent to indus-
trial discharges of mercury gained
their mercury burden from these
industrial sources, albeit indirectly.
That is to say, the fish drawn from
industrially contaminated waters do
not directly ingest the discharged
mercury; their mercury burden is
traceable to a previously unknown
microbial process whereby the
inorganic mercury in the bottom
sediments is converted into the very
toxic compound, methylmercury,
which is then progressively con-
centrated in the aquatic predator
chain leading to the highest con-
centration in those at the top of the
food chain. A similar biological proc-
ess of accumulation of the highly
toxic methylmercury is presumably
responsible for the methylmercury in
swordfish. On the other hand, the
swordfish is a deep-sea feeder and it
seems certain that much of the mer-
cury contributing to this burden is of
a natural and not man-made origin.

It has been proposed (in rough
analogy to the nitrate cycle alluded to
above) that there is a vast system of
global transport, distribution and
conversion of mercury. Thus, one
estimate places the amount of mer-
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cury in the earth's atmosphere at
about 80,000 metric tons. This
appears to be in a continual state of
flux with complete turnover 2-3
times per year. Another estimate con-
cludes that the mercury content of
the oceans approximates 10s tons,
presumably with a very slow turn-
over. These large amounts may be
contrasted with the total world
production of some 12,000 tons of
which obviously only a portion is lost
to the environment. Added to this is
an estimated maximal inadvertent
discharge (e.g., through burning of
coal and oil), of a few thousand tons.
Thus, much of the mercury in the
atmosphere natural cycle may be of
natural origin. Despite this very ex-
tensive cycle of transport and turn-
over, it is clear that man can locally
a l t e r e n v i r o n m e n t a l m e r c u r y
concentrations dangerously by care-
less practices.

In other instances man has in a
major and dramatic way contaminat-
ed the global biosphere with certain
materials. Thus, it has been esti-
mated that lead is now 20 times more
concentrated in the biosphere than it
was in primitive times, several mil-
lenia ago. The same trend has been
more tentatively suggested with re-
spect to cadmium in the last half cen-
tury, DDT and PCB, both products of
relatively recent technology, are now
found widely disseminated through-
out the world.

CONTROL

Effective control procedures are
most efficiently aimed at source con-
trol or substitution. In some in-
stances sources are identifiable, in
others, they are not. In some in-
stances subsequent alteration of the
pollutant dramatically alters the
problem. The example of methyl-
mercury is a recently discovered one.
Another is the incidental generation
of ozone in the development of photo-
chemical smog discovered some 25
years ago. A first step in control is the
identification of sources. This in-
volves a series of approaches which

we recommend the appropriate
regulatory agencies should be
encouraged and authorized to pur-
sue.

A. Identification of Industrial
Sources

1. Registration of industrial
chemicals with the regulatory
agencies.

2. Periodic reporting to regula-
tory agencies of production amounts
and distribution patterns.

3. Required and cont inuing
inventory in industrial processes of
losses through stacks and sewers.
These records would be open to
inspection. This would be prece-
dent to,

4. A deliberate and staged
progression towards attaining zero
loss of all contaminants and byprod-
ucts in industrial processing. In the
attainment of this, it may be desir-
able to,

5. Develop such systems as
sequestered water sources in which
the same water is reused repeatedly
by industry.

These seem realistic approaches
for identifiable major sources. Some
may be readily attainable now,
others may require improved
technology before becoming feas-
ible. They can define some elements
of a national policy in pollution con-
trol.

B. Non-industrial Sources

The situation is more complicated
where one is dealing with a
large number of sources. Thus,

1. Substantial reduct ion of
individual discharges from the inter-
nal combustion engine is clearly
attainable.

2. Agricultural chemicals have
been obviously misused in the past
with a resulting widespread overuse
of the persistent pesticides and prob-
ably of some fertilizers. A policy
based on substitution to more accept-
able chemicals or forms of chemicals
(e.g. , non-persistent pesticides,
ammonium ion as a nitrogen source)

is one imperative step to take.
Another is to establish a firm policy
of restricting use of agricultural
chemicals to the quantity actually
needed.

3. Disseminated incidental
sources of environmental contamina-
tion present still different problems.
Examples of these include lead, cad-
mium and mercury from discarded
batteries. PCB contained in small
electrical units and plastics is
another example. Such contami-
nants find their way into municipal
wastes and eventually may produce
contamination through leaching from
dumps and volatilization during
i n a d e q u a t e i n c i n e r a t i o n . The
identification and interception of
such sources will require develop-
ment of techniques for waste han-
dling, for the most part, not now
available.

4. In all of the above instances,
substitution represents an alternate
and often preferable approach (less
dangerous, less persistent, less like-
ly to escape.

C. New Knowledge Needed

The two preceding categories re-
late primarily to identified pollut-
ants whose sources and transport are
known. This is only a portion of the
totality of the pollutants of impor-
tance. There are still many areas of
uncertaint; as to: the relative impor-
tance of the various sources of
contaminants or pollutants, the man-
ner and time scale by which they
reach the environment, their con-
version and distribution patterns,
and finally, their effects on the
environment and on people.

These issues collectively define
major needs in the way of needed new
knowledge.

FUTURE TRENDS

It seems likely that the future will
show several major patterns. The
period of very rapid growth and great
diversity in industrial chemicals may

528-750 O - 73 - 7
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be coining to a close. With the in-
tense scrutiny now given to chemi-
cal hazards and the apprehension
and concern directed to new and un-
known chemicals, industry may tend
to introduce fewer new chemical
products and processes in the fu-
ture.

Automation is already well under-
way and with itatrendtoward contin-
uous rather than batch processing.
It seems possible that both automa-

tion and continuous processing will
favor lesser pollutant discharge and
more feasible control procedures.

Although the diversity of new
industrial chemicals may decrease,
some not so new materials will prob-
ably assume larger roles in future
technology—e.g., increasing use of
titanium, the growth and displace-
ment of other competing plastics by
such success materials as the
polyethylenes, nylons and vinyls.

It is quite unclear at the moment
whether or not concern for pollution
and recycling will lead to the produc-
tion of longer lived and more readily
repairable products. This would run
counter to recent trends which
strongly seek economy and minimi-
zation of all labor inputs, both in
manufacture and service. It would
also reverse the frequent pattern of
designing for early obsolescence and
rapid turnover.
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CHAPTER 11

ACQUISITION OF KNOWLEDGE, TOXICOLOGY
AND REGULATORY INFORMATION*

INTRODUCTION

Regulatory decisions of the type
taken by the FDA and the EPA are
characterist ically perceived as
resting on a foundation of scientific
information. A New Drug Appli-
cation for a pharmaceutical product
is approved because the developer
and would-be manufacturer of that
drug has offered evidence of efficacy
and safety of use.

A national standard for auto-
mobile emissions is proposed
because of some evidence relating the
state of human health to exposure to
the emitted pollutants. One can
logically pose a number of questions
concerning the adequacy of the fund
of information available to the regu-
latory agencies at any point in time.
An examination of this sort reveals a
highly variable picture depending
upon the substance under consider-
ation. Variability occurs in the
absolute amount of information, its
quality and in the resources avail-
able to produce it.

Elsewhere in this report the subject
of balanced decisions is discussed.
Balancing, in this context, refers to
judgments about several issues, only
one of which may be the hazard to
human health. Economic conse-
quences of alternative courses of
action, utility or benefit, etc. are
among the other issues. Here again
one is entitled to ask some critical
questions about the quantity and
quality of information available to
decision-makers. The following
paragraphs examine the state of the
knowledge base available to regula-
tory decisions as well as the sources
and resources for this information.

SOME ELEMENTARY
STATISTICS

A straightforward method of
beginning any analysis of chemicals
in relation to health is to review the
amount of material or product out-
standing and to estimate its dis-
tribution physically or among popu-
lation groups. Such information has
utility in defining exposed popu-
lation groups and in deriving an
estimate of the probability of human
exposure.

It often turns out that data
describing quantities of chemical
products manufactured and their
distribution are not available. In
cases where legal authorities for
regulation apply, this information is
most easily available. The Federal
Government is fairly well apprised of
the number of different pesticidal
products ("formulations") which
are produced, sold domestically,
exported and used in each of various
applications. From this universe, it
can be ascertained how many
different chemical entities exist.
These data are compiled by the
Department of Agriculture,1 2 3 and
by the Environmental Protection
Agency.4

F o r i n d u s t r i a l c h e m i c a l s ,
household products, and other
commercially available functional
chemical substances, questions of
production and distri bution are less
easily answered. The Tariff Com-
mission is the major source of infor-
mation on production of industrial
chemicals. Yet there are legal
limitations to this source in the cases
of small numbers of manufacturers.
The pending Toxic Substance

Control Act would permit the
Administrator to seek this infor-
mation from manufacturers.

Information on impurities is not
systematically collected. For drugs,
pesticides, food additives, and
cosmetics, assurances of various
degrees of purity are demanded of the
deve lope r s of new p r o d u c t s .
However, the identification and
amounts of specific impurities are
not required.

KNOWLEDGE ABOUT
RISK AND

BIOLOGICAL
HAZARD

The production of knowledge from
biological testing comes from several
sources and is the result of programs
of research in both the public and
private sectors. The patterns vary
widely according to the class of
substance under consideration. That
is, knowledge about unwanted side
effects of a new pesticide generally
comes from a different set of labo-
ratories than those supplying infor-
mation on the biological effects of air
pollutants. The mixture of private
and public efforts varies widely but
according to patterns which can be
explained in terms of incentives,
legal obligations and the type of
research needed in each case.

Several Federal agencies support
research aimed at improving under-
standing of the health effects of

* The Panel, during its deliberations, arrived
at a number of findings which are underlined in
this chapter. In some cases these led to formal
recommendations which are presented in
Chapters 2 and 3.
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physical and chemical environ-
mental agents. This Panel had the
advantage of the product of another
committee, one of whose tasks was to
take stock of the present Federal
investments and programs of
environmental health research." This
review took the form of a detailed and
critical perusal of each of the
research projects submitted by the
several contributing Government
agencies. This survey of the Govern-
ment's effort (for fiscal year 1972)
covered biological agents as well as
chemical and physical ones.
Research on therapeutic drugs and
their side effects was not included.
This critical sorting included
research which clearly met the strict
definition of the area and excluded
supporting and peripheral areas
which are sometimes reflected in
agency budgets under research
categories (such as physical
measurement, monitoring, control,
etc.). Administrative costs and
expenditures for training were also
excluded. Hence, the total figures
appeared to be less than those in
ordinary budget documents.

There are four principal contrib-
uting agencies (EPA, AEC, HEW and
DOD). The major contributors in
HEW are the National Cancer
Institute, the National Institute of
Environmental Health Sciences,
National Institute of Occupational
Safety and Health and FDA. In
addition, there is a residue of
research scattered widely among a
number of other agencies (USDA,
USDI, NSF, NASA and other
National Institutes of Health).

The total level of investment in
environmental health research
(according to a broad, inclusive defi-
nition) for FY '72 is $215 million. This
includes research on infectious
agents as well as chemical and
physical ones. It also includes work
dedicated to physical measurement
and characterization of environ-
mental agents as well as research in
behalf of control.

If one excludes biological infec-
tious agents, the total investment ir

EXHIBIT 11-1
TOTAL LEVEL OF

FEDERAL EFFORT IN
ENVIRONMENTAL HEALTH

RESEARCH FOR FY 72

Agency $'s million

AEC ...
EPA ...
DOD ..
HEW ..
NCI ..
NIEHS
FDA ..
NIOSH

Other .

. 40.1

. 16.8

. 23.4

. 23.4
(38.6)
(15.6)
(49.7)
(14.8)
. 60.9

215.1

this research area is $124 million.
This is summarized in Exhibit 11-2.
Note that of the total of $124 million,
nearly $46 million or 37 percent is
spent supporting research on
ionizing and electromagnetic radi-
ation—mostly by AEC.

EXHIBIT 11-2
TOTAL FEDERAL

RESEARCH EFFORT
(BROADLY DEFINED)

IN BEHALF OF
PHYSICAL AND CHEMICAL

AGENTS FOR FY 72
($'s MILLIONS)

Agency

EPA
AEC
HEW ....
NCI ....
NIEHS ..
NIOSH .
FDA ....

DOD ....
Other ...

Physical

3.6
35.7

9.9

( .9)
(1.6)
(5.4)
(2.0
6.7
5.7

Chemical

11.6
4.3

32.6
(12.7)
(11.6)
( 5.9)
( 2.3)

0.8
12.9

Total

15.2
39.9
42.5

(13.7)
(13.2)
(11.3)
( 4.3)

7.5
18.6

61.6 62.2 123.8

To determine the amount of effort
aimed solely at an understanding of
the effects of chemical and physical
agents on biological organisms in a
narrow sense, figures corresponding
to certain categories have been
extracted from these tables. These
reflect the research done to promote
understanding of absorption (or
entry) of the agents into the
organism, metabolism, distribution
and mechanisms of biological action,
modification, interactions and bio-
logical consequences or end-points.
It is these figures which come closest
to a representation of the meaning-
ful biological research effort in this
field (Exhibit 11-3).

From these figures one can
conclude that the FDA and EPA are
generally poorly equipped scien-
tifically (16 percent of the total
r e s e a r c h e f f o r t ) . T h e A E C
contributes 32 percent and NIH 28
percent. There is a heavy emphasis
on radiation research—most of it on
effects of ionizing radiation and most
of this in the AEC. The DOD contrib-
utes less than eight percent and
almost all of this is concerned with
radiation and other physical agents.

In addition, the committee's report
from which these figures were taken
observed that the investment in
research on mechanisms of bio-
logical action may be thought of as an
index of the sophistication of this
research effort. The total investment
in this research amounts to $11.9
million and 80 percent of this
research is supported by NIH (64
percent of it within the National
Cancer Institute).

The following is an estimate of the
distribution of these research funds
according to their route of expend-
iture (in-house, contract, or grant):
(See Exhibit 11-4)

It is instructive to consider the
magnitude of the industries regu-
lated by such agencies as the Food
and Drug Administration in judging
the a p p r o p r i a t e n e s s of the
expenditures aimed at assembling
background information used in their
regulation. In 1970, the total value
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(manufacturers' shipments] of foods,
drugs and cosmetics regulated by the
FDA was $82,5 billion. These were
divided among the several cate-
gories as follows:*

($'s billion)

Foods 73.5
Prescription drugs 3.5
Proprietary drugs 1.5
Cosmetics 4.0

Total 82.5

The FDA has responsibility for the
regulation of products amounting to
approximately 38 cents out of every
consumer dollar spent. Of the total
FDA budget of $110 million in 1971,
approximately one-fifth was spent
on gathering scientific data with
which to make regulatory decisions.

It is interesting to contrast these
figures with expenditures in behalf
of health and regulation in another
field, radiation:

* Figures provided by the Food and Drug
Administration. The value of manufacturers'
shipments were estimated for 1970 from figures
describing 1969 experience.

Total sales of electric
power/year $20 billion

Of this, approximately
1 percent of all
power is now
being generated from
nuclear fuel $200 million

Total capital expenditures
per year for
electric generating
and transmission
equipment $4-6 billion

In 1971, the budgets for research
and regulation in this area were:

AEG
Division of Biology
and Medicine
(Research) $88 million
Regulation 121

EPA
Radiation research and
regulation 7

Total $216 million

The private sector's contribution to
this field is more difficult to estimate
since typically this research is
accounted for as part of a total

EXHIBIT 11-3
FEDERAL RESEARCH EFFORT AIMED AT UNDERSTANDING

THE HUMAN BIOLOGICAL EFFECTS OF PHYSICAL
AND CHEMICAL ENVIRONMENTAL AGENTS

TOTAL—PHYSICAL AND CHEMICAL AGENTS
HUMAN DIRECTED BIOLOGICAL RESEARCH ONLY*

Physical Chemical Total Percent
Agency $'s million $'s million $'s million of total

EPA
AEC
HEW

NCI
NIEHS
NIOSH
FDA

DOD
Other

Total

2.8
25.1
6.9

(0.8)
(1.6)
(2.7)
(1.8)
6.2
4.9

46.0

7.3
2.7

26.2
(11.6)
(10.0)

(2.8)
(1.8)
0.6
3.2

40.0

10.2
27.8
33.1

(12.4)
(11.5)
( 5.6)
( 3.6)

6.9
8.1

86.0

11.8
32.2
38.6

(14.5)
(13.4)
( 6.5)
( 4.2)

7.9
9.5

100.0

* These amounts do not include the appropriation for the Pharmacology/
Toxicology Program of the National Institute of General Medical Sciences.
Source: Report of the OST-CEQ Ad Hoc Committee on Environmental

Health Research1,*

research and development program.
Exhibit 11-5 gives figures for R&D for
the major drug manufacturers.

EXHIBIT 11-4
DISTRIBUTION OF

FEDERAL SUPPORT FOR
ENVIRONMENTAL

HEALTH RESEARCH

Percent
Agency In-House Contract Grant

AEC
EPA
DOD ....
HEW
NIOSH .
NCI ....
NIEHS ..
FDA ....

Average .

0
59
74

60
0

27
53

39

100
37
25

30
51
3

47

42

0
4
1

10
49
70
0

19

Source: Report of the OST-CEQ Ad Hoc
Committee on Environmental
Health Research.6

EXHIBIT 11-5
INDUSTRY-FINANCED
R&D ON DRUGS FOR

HUMAN USE

[$'s million]

1968 1969 1970 1971
Actual Actual Actual Budgeted

449.5 505.8 565.8 625.3

DATA FROM THE
PHARMACEUTICAL

MANUFACTURER'S ASSOCIATION

Included in these figures are expend-
itures for both basic and applied
research, expenditures on R & D '
directed toward new product oppor-
tunities as well as those directed
toward an understanding of phar-
macology and side effects. They
include funds expended both within
drug company facilities and those
spent in medical schools, commer-
cial laboratories, hospitals, etc.
These figures may also reflect some
non-drug research carried on by
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those companies which have some
diversification.

These figures in Exhibit 11-6 are
those portions of the values from
Exhibit 11-2 which are the specific
expenditures within drug firms for
R&D work on human-use drugs
aimed at animal safety and toxi-
cology, other pharmacologic animal
testing and human clinical research.

EXHIBIT 11-6
INDUSTRY-FINANCED R&D

ON DRUGS FOR HUMAN
USE CONCERNED WITH

PHARMACOLOGICAL
ANIMAL TESTING

AND HUMAN CLINICAL
DRUG RESEARCH AND
WITH INVESTIGATION

OF SIDE EFFECTS
AND TOXICOLOGY

[$'s million]

1968 1969 1970 1971
Actual Estimated1 Estimated Estimated

167.6 188 211 233

Data for 1968 were provided by the
Pharmaceutical Manufacturers Association.
Figures for 1969, 1970 and 1971 were
calculated from the figures contained in
Exhibit 11-2 assuming that the 1968 per-
centage remained constant.

The pesticide industry spends
proportionately much less in exam-
ining the biological side effects of its
products. From a survey performed
for the National Agricultural
Chemicals Association expendi-
tures by industry for toxicology and
metabolism were estimated (Exhibit
11-7):

The evaluation and testing
underwritten by industry is actually
performed partly within the manu-
facturer's own laboratories, in
cl inics, medical schools and
hospitals, and in independent testing
laboratories.

There are estimated to be under 30
independent biological research and

testing laboratories in the United
States. From a sample of these insti-
tutions, the following estimates were
made of the total size of this industry
(Exhibit 11-8):

EXHIBIT 11-7
EXPENDITURES FOR
TOXICOLOGY AND

METABOLISM BY
MEMBERS OF THE

PESTICIDES INDUSTRY
1967-1971

[$'s million]

1967 1970
1971

Estimated

8.5 11.2 12.0

Original data gathered from a study,
Pesticide Industry Profile Study, perform-
ed by the Ernst and Ernst Trade Association
Department, Washington, D.C., 1971. The
figures contained in this report were col-
lected from a sample of pesticide manufac-
turers representing 81 percent of the total
pesticide sales. The figures in Exhibit 11-7
were projected to the total industry.

These laboratories vary widely in
the pattern of research. Very little
(perhaps less than five percent) of
their work can be considered basic
research. Most of it is related to
testing for safety and adverse effects
of products and a smaller proportion
for efficacy. The majority of the
testing is for drugs and food ingre-
dients or additives.

Finally, academic institutions play
an important role. These labo-
ratories, which generally perform the
most sophisticated and fundamental
research in this area, are supported
heavily by Federal and State Govern-
ments.

It is useful for this discussion to
divide the universe of materials into
products and non-products (environ-
mental pollutants, for example) and
to consider separately those products
for which there is a clear and force-
ful regulatory authority and those
which are not tightly regulated. For
regulated products (such as thera-

peutic drugs, pesticides, food
additives) the traditional philo-
sophic and legal stance taken by
Federal Government has been that
the developer or manufacturer of the

EXHIBIT 11-8
TOTAL VALUE OF

THE RESEARCH AND
TESTING PERFORMED BY
INDEPENDENT TESTING
LABORATORIES IN THE

UNITED STATES,
1966-1971
[$'s millions]

YEAR

1966 1967 1968 1969 1970 1971

13.5 16.4 16.0 18.4 18.8 21.8

Source: Estimates made from an industry
survey.

products was obliged to "prove his
material safe" before being per-
mitted a license to "enter them into
interstate commerce," In practice,
this has meant that the necessity to
evaluate (or underwrite the eval-
uation of) the biological effects and
unwanted side effects of new
products has rested with the manu-
f a c t u r e r . This eva lua t ion is
characteristically performed during
the course of development and the
costs of this research are considered
part of development costs.

The particular research and eval-
uation studies performed on pro-
spective new drugs follow a pattern
of steps from an investigational or
experimental status through the
satisfying of requirements for a New
Drug Application. There exists a
broad schedule for this research. The
particular design of the studies to be
performed is the product of nego-
tiation between the Government
agency (FDA) and the manufacturer.
Generally this takes the form of the
manufacturer's responding to advice
and requests for specific types of
information from the FDA.

L a r g e m a n u f a c t u r e r s o f
agricultural chemicals follow a
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pattern similar to that in the drug
industry by performing animal
studies in their own laboratories. The
regulatory agency (EPA) prescribes
the general types of studies required
for registration of pesticides. In the
case of pesticides used on food crops,
an additional petition for a tolerance
( tolerated amount of pesticide
residue) is required and an additional
amount of biological information is
necessary to achieve this.

Food additives are typically
manufactured by large chemical
firms, where they represent a very
small fraction of their total produc-
tion, or by a number of relatively
small specialty manufac ture rs
(whose research budgets and
facilities are correspondingly thin).
Incentives to engage in extensive
evaluation of biological effects and
safety testing in either case have not
been outstanding. Much of the work
performed in this area has been done
by private, independent testing
laboratories on contract to the manu-
facturer and the quality and sophis-
tication of this work have varied
considerably.

At least as important is the fact
that of the total food additives in use,
laboratory investigation of bio-
logical effects and safety has been
applied to only a small fraction. This
subject has been examined in the
section above on food additives
where it was pointed out that tech-
nology of development outpaced
corresponding efforts to understand
arid a series of intermediate measures
such as the GRAS review were insti-
tuted in order to bring to bear some
degree of scientific judgment.

The patterns of research described
thus far result essentially from the
existence of specific regulatory laws
under which the Government is able
to solicit from manufacturers the
information it requires to make its
decisions on new products. The Food,
Drug and Cosmetic Act applies to
food additives and drugs. The
Federal Insecticide, Fungicide and
Rodenticide Act supplies this infor-
mation gathering requirement for
pesticides (along with a few other

chemical substances). Beyond these
classes of products the legal author-
ities are much less clear and permit
the Federal Government much less
authority to seek this type of infor-
mation from private sources. A
similar regulatory philosophy has
prevailed in other areas such as
household and consumer products.
That is, the manufacturer is expected
to assure at least himself that his
products are safe before marketing
them. However, the authorities
which apply (such as the Federal
Hazardous Substances Act) are not
explicit on the subject of respon-
sibility for performing tests or
research in order to arrive at a judg-
ment of safety. The Federal leverage
of the Hazardous Substances Act
(administered by FDA) is in its
ability to insist on the use of a
product label denoting a hazard. In
practice, however, it is the Federal
Government which is obliged to
gather the scientific evidence to make
a determination of a hazard before
exercising its leverage. The Federal
Government has up to now been
poorly equipped to engage in
research and evaluation of a scale
which would be required to seek out
this knowledge.

For industrial chemical sub-
stances, the laws and patterns of
research are even less clear. There
are no clear obligations on the part of
any of the interested parties (pro-
ducers, users, consumers, govern-
ment) to gather information on unin-
tended side effects of these chemical
products. It should not be surprising,
therefore that the storehouse of
knowledge on the biological effects of
materials such as polychlorinated
biphenyls are as recently gathered as
they are.

The above d iscuss ion has
considered new chemical products. It
became evident during the Panel's
deliberations that special attention
should be paid to the case of chemical
p r o d u c t s a l r e a d y o n t h e
market—some of which may have
been passed upon at one time by a
certification or registration process
and all of which had been viewed as

safe for their intended uses. This
turned out to be an important area
and was clearly one where the
Government faced recurrent prob-
lems. This area might be described
as the "old decision—new science"
problem. Philosophically, it has
generally been assumed that once a
drug or a pesticide has achieved an
approval which permits marketing, it
is acceptable for all time or at least
for a period of time which is long
compared to the expected period of
marketing. The regulatory laws
themselves reflect this philosophy, in
the admonitions to manufacturers to
"...prove safety,.." at the time of the
original application.7 What has
become clearly apparent is that,
because science is by nature
dynamic, it will raise new questions
from time to time which will displace
confidence in any notion of absolute
safety. In fact, absolute safety is a
misnomer. The point to be made here
is that if it is desired that science be
exercised in behalf of questions of
biological ef fec t and safety of
chemicals, such an effort would by
definition have to be a continuing one
which would reflect the changes in
the state of scientific understanding.

It is apparent that the present
arrangements for gathering new bio-
logical in format ion on already
marketed products do not accom-
modate this need. There are unclear
obligations on the part of the private
sector to perform additional research
on products already approved and,
understandably, the incentive to seek
answers to questions which conceiv-
ably could destroy the market
outlook for a product is not strong.

Some of the regulatory laws do
allude to the questions raised by new
knowledge. For example, the present
law governing pesticides obligates
the Environmenta l Protect ion
Agency to review with a 5-year
periodicity each of the pesticide
registrations. However, it has been
unusual for these reviews to provoke
additional research on the basis of
some new scientific insight or body
of scientific knowledge.

In the face of uncertainty of obli-
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gallon in the private sector to
perform additional research, the
Federal Government has drifte'd
without explicit policy toward the
performance of increasing amounts
of evaluation of marketed products.
Between 1964 and 1968, the National
Cancer Institute performed through
contract an animal screening study of
over a hundred pesticides to
ascertain their potential for pro-
ducing tumors, birth defects or
genetic alteration.8 The results of this
study have provoked an additional
series of investigations of the same
type presently underway in NIH.
Similarly, the National Institute of •
Child Health and Human Develop-
ment of NIH currently supports a
program of research on the side
effects of currently marketed oral
contraceptives. It is accurate to say
that these Federal programs of
research were prompted by a real-
ization that there was a disparity
between the amount and quality of
scientific information supplied at the
time of original introduction and
registration of certain products and
those questions which were raised by
the science of the present day. These
disparities have been highlighted in
several of the crisis-laden reviews
and decisions which the Govern-
ment has undertaken in the past few
years.9

It is important to note that Govern-
m e n t - s p o n s o r e d r e s e a r c h on
marketed pesticides and oral contra-
ceptives does not by any means cover
the total range of products. In fact,
rather than adopting an orderly,
long-term research plan, the Govern-
ment often finds itself confronted
with a deadline for a regulatory
decision so close at hand that its own
participation in this research area is
severely limited. Further, since there
is no set policy for this activity, the
resources available for this research
have been relatively scarce. Limited,
pilot-type investigations are the rule
and, not infrequently, they displace
the on-going research program of an
agency. The Panel is impressed that a
sizable portion of the information
used in regulatory decision-making
is derived from investigations

completed only a short time before
the decisions were made. This
implies that the research and its
results have not been submitted to
the critical processes of evaluation
and interpretation characteristic of
an established body of scientific
knowledge. Research for regulation
is surprisingly often performed in an
atmosphere of urgency which further
compromises its quality. Another
serious shortcoming of research in a
regulatory agency is the pressure on
investigators to obtain results which
support a regulatory decision or
policy, even if this means discarding
research results which are equivocal
or contrary to the hoped-for result.

For substances clearly in the public
domain (water and air pollutants, for
example) the Federal Government
has assumed increasing respon-
sibilities for research over the past
several years, in spite of these limi-
tations on the nature and the quality
of the research. However, the total
effort is modest when compared to
the investments implicated by the
regulatory decisions.

STUDIES ON HUMANS,
CLINICAL RESEARCH,

EPIDEMIOLOGY

Ideally, research aimed at under-
standing the human health effects of
environmental agents would include
the study of man. Such studies are
severely limited by ethical, legal, and
other constraints. There are,
however, some organized research
programs designed to collect obser-
vations resulting from accidental
human exposures, to gather bio-
chemical and physiological and
clinical data from experimental
subjects, and to study by epide-
miologic methods the associations
between human exposure and
mortality or morbidity.

There are fewer constraints in the
study of potentially beneficial new
drugs. Intensive clinical trials are the
rule in pre-market evaluation. These
trials are performed by physicians
and c l in ica l p h a r m a c o l o g i s t s

typically on the basis of contractual
arrangements with drug manu-
facturers.

Programs designed to detect
adverse reactions or side effects from
drugs among members of the general
population after the drug has been1

placed on the market remain very
modest. A recent symposium on this
subject held by the National
Academy of Sciences indicated a
number of directions for any such
program. Two considerations stand
out as particularly important. One is
the importance of "denominator"
information—valid data desig-
nating an exposed population. The
other is the quality of the obser-
vations judged as adverse reactions.
Thus far, successful schemes have
been demonstrated for collecting
data on hospitalized patients in an
intensive and rigorous fashion. There
is not yet a working system for
ambula to ry pa t i en t s . Be t t e r
advantage could be taken of prepaid
health delivery systems where sub-
scribers can be followed medically
over long periods of time.

Epidemiologica l s tud ies of
environmentally associated disease
are not numerous. This area has been
reviewed recently and a number of
recommendations made in an HEW
report on research needs in environ-
mental health.10 One of the factors
which has curtailed such studies has
been a lack of professionals qualified
to work in this field. Another has
been a lack of a sizable commitment
of resources and talent for studies of
the very long duration which may be
entailed. A third has been a lack of a
number of simple but highly useful
data sources such as registries of
mortality. Within the Federal estab-
lishment, the major chronic disease
epidemiologic programs concerned
with physical and chemical environ-
mental agents as cancer-inducers are
supported by the National Cancer
Institute of NIH and the Environ-
mental Protection Agency (for air
pollutants and pesticides).

O c c u p a t i o n a l exposures to
environmental agents represent
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special opportunities for relatively
controlled study. Studies in occupa-
tional settings have been mounted
sometimes on the initiative of a group
of university- or Government-based
researchers who have perceived a
particular exposure situation of
interest. These latter studies are
almost entirely supported by the
National Institute of Occupational
Safety and Health of HEW.

K N O W L E D G E A B O U T
BENEFIT,

UTILITY, EFFICACY,
AND ESSENTIALITY

To a great extent, utility or benefit
of products is assumed and taken for
granted. The test of acceptance in the
marketplace is often the one on which
this judgment is based. Documen-
tation of utility or benefit, however,
is often very difficult to derive. Once
a product has achieved acceptance in
the market, it is difficult to return to a
posture of questioning its benefit in
any rigorous sense. Once a drug or a
pesticide has gained such a high
degree of use that a dependence (or a
perceived dependence) develops, the
asking of hard questions about value
and utility is troublesome, embaras-
sing, and often impossible. Finally,
cost enters this picture also. In cases
where the unit price of a substance is
relatively low, large amounts of the
material may be used or applied
simply under the assumption that if a
small amount is useful, increasing
amounts will bring proportionally
greater or at least equal benefits.
This last point may, perhaps, best be
illustrated by chemical insecticides
and herbicides. The cost of these
materials is low compared to the
costs of other investments in the agri-
cultural industry, This fact has made
the heavy, and at times, injudicious
use of pesticides a not uncommon
practice. It is felt that there is a
dependence on these adjuncts. Yet, as
the Panel learned, the documen-
tation of the marginal productivity of
the investments made in these imple-
ments is very difficult to arrive at.

The few attempts which have been
made to describe the productivity of
these chemicals have given some con-
clusions which run counter to
traditional views."

From time to time new scientific
evidence is uncovered which alters
the estimate of hazard or biological
risk of a chemical material. A so-
called risk-benefit analysis is called
for. Typically, there is found very
little information on which to deter-
mine benefit or to document the
penalty occasioned by removing the
material from use. A recent analysis
of this type was performed in behalf
of the chemical materials known as
polychlorinated biphenyls (PCB's).
This family of compounds possessed
a number of unusual chemical-
physical properties and had found
their way into a large number of uses.
It was only after an intensive
examination of each of these appli-
cations (in this case by the National
Bureau of Standards) that the
essentiality or particular utility of
PCB's in certain applications could
be identified for certain. The moral
which emerges is that sound infor-
mation descriptive of benefit is
generally not readily available.

Efficacy has been considered at
length for therapeutic drugs by the
National Academy of Sciences.12

This study was occasioned by an
amendment to the Food, Drug and
Cosmetic Act in 1962 which obli-
gated manufacturers of new drugs to
present evidence for effectiveness.
The Commissioner of the Food and
Drug Administration interpreted this
amendment as pertaining to drugs
already marketed as well as to new
ones. The Drug Efficacy Study was
under taken to assist him in
reviewing the existing evidence for
the current inventory of drugs. These
were classified into 30 categories and
each category was reviewed by a
separate panel devoted to a thera-
peutic class. Each drug was then
evaluated according to a scale of
effective, probably effec t ive ,
possibly effective and ineffective.
Among the conclusions reached by
this study was the observation that

evidence of efficacy of the drugs
reviewed was of generally poor
quality.

Many of the presentations submitted by manu-
facturers in support of the claims made for the
use of their drugs consisted of bulky files of
reports of uncontrolled observations and testi-
monial-type endorsements. The lack of substan-
tial evidence based on well-controlled inves-
tigations by experienced investigators was
conspicuous. Moreover, searches of the medical
literature indicated that there existed little con-
vincing scientific evidence to support many of
the cited indications for the use of drugs that are
currently in good standing in medical practice.
There is every reason to believe that industry is
aware of the need for, and seeks to obtain, the
best scientific endorsement of its products. The
failure, therefore, must be attributed to the diffi-
culty that industry has in commanding the
needed clinical facilities and the services of
experienced investigators. This is not a fault of
industry alone, but rather is a reflection of a
serious gap in the programming and manage-
ment of the national effort in therapeutic
research.12

One of the most important social
principles recognized in the health-
related regulatory laws is the idea
that the safety of an article should be
officially established before it is
permitted to be marketed.* This is
fundamental to the workings of the
legal ins t ruments governing
therapeutic drugs, food additives,
and pesticides. The principle is to be
applied in the case of other chemical
products and medical devices in
legislative initiatives now pending
before Congress. Most important for
the present discussion, this principle
places the burden of providing scien-
tific information on the manu-
facturer.

The present arrangement of
placing upon industry the respon-
sibility to supply information on
hazards of its products to the
Government before receiving per-
mission to market them should be
continued.

This system is most highly devel-
oped in the case of therapeutic drugs

* The concept is not a new one. It was estab-
lished first in the Agriculture Department's
Meat Inspection Act in 1907. It was not
embodied in the early Pure Food and Drug Act in
1906 but only later in the Food, Drug and
Cosmetic Act in 1938.
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and is perhaps less clear in the case of
food additives. The case of food •
additives is further complicated by a
series of prior sorting or screening
arrangements which have been used
in the face of a lack of prior experi-
mental evidence.

Ways should be found for bringing
the food processing industry into a
position of becoming more involved
in research on food additives.

One piece of criticism which has
been voiced about this scheme is that,
in the name of uniformity and expe-
diency, Government regulatory
agencies tend to impose standard-
ized scientific questions and test pro-
tocols on the industries petitioning
for certification or registration. In
part this arises from a request from
industry to "tell us well in advance
what we have to do to satisfy our
obligation and we will do it." It is also
a reflection of a desire for an orderly
legal vehicle in the face of scientific
uncertainty. In fact, however, such a
system tends to subst i tute
voluminous responses to standard
test questions for astute scientific
insight and this can be both
expensive and non-productive.

The development of under-
standing and practically useful
knowledge of the biological effects of
chemical substances comes only very
incompletely from the routine appli-
cation of conventional lexicological
testing, no matter how airbitious.
Such understanding usually must
come by carefully and expertly
choosing from a wide variety of non-
standard approaches, those most
likely to confirm or deny implied
threats, and those which will reveal
m e t a b o l i c m e c h a n i s m s a n d
capacities in both humans and test
animals. There should be both legal
and administrative accomodations
made to encourage this and to
discourage perfunctory reliance
upon standardized routines.

New products for which regula-
tory provisions do not exist or where
research is not specifically accom-
modated in the regulatory laws are

generally without a legacy of back-
ground scientific information on bio-
logical effects and hazard. The
pending Toxic Substances Control
Act would go far in the direction of
correcting that void.

Products already on the market, for
which prior approval or sanction
may have been obtained but for
which new scientific questions may
be raised, represent a special class of
problems.

There is a public responsibility to
explore from time to time new scien-
tific questions about commercial
products which may have been
passed on previously, the new scien-
tific questions arising from the
evolving character of science itself.
This should be an explicit Federal
policy and should be provided for
both administratively and resource-
wise.

For substances clearly in the public
domain (environmental pollutants,
for example) the responsibility for
performing biological research
leading to an understanding of
effects on human health would
appear to be in the public sector.
Decisions here in the form of environ-
mental standards, strategies for
abatement, etc., are typically very
expensive and very far-reaching in
time. Therefore, they deserve the best
possible scientific basis. This places
a particular responsibility on both
the regulatory agencies, such as the
Environmental Protection Agency,
and other supporting scientific
agencies, such as NIH, to foster a
sound and appropriate program of
research in this area.

The Panel is concerned with the
frequent inadequacy of the scientific
evidence available at the time an
environmental standard is set or a j
regulatory decision is proposed. In i
part this derives from the sparsity of '
resources available within the
Government for performing the
necessary research particularly
when compared to the importance of
these issues to the public. Such far-
reaching decisions deserve a better
background of information.

All too frequently one hears the
statement that public use of a
product or public exposure to an
agent has not appeared to have been
associated with any disease process.
In fact, in a remarkably large number
of instances, questions of association
be tween human disease and
exposure to environmental agents
have never been examined syste-
matically and scientifically.

The Panel devoted much thought to
the question to the adequacy of the
Federal investment in research in
environmental health. The Panel
gave careful consideration to the
present responsibilities of the
Federal regulatory agencies for infor-
mation and of the variety of sources
of this information. Elsewhere in the
report are listed a number of the
policy issues which, in the Panel's
view, lead to responsibilities for
research which, up to now, have not
been recognized. (Notable among
these was the strong recommen-
dation that the Federal Government
must assume responsibilities for
raising and studying new scientific
ques t ions f rom t ime to t ime
regarding products previously regis-
tered or approved for marketing
(page 32]. The Panel has taken into
consideration, also, the additional
legislative initiatives now pending in
Congress. New statutes, such as the
Toxic Substances Control Act, will
provide new regulatory juris-
dictions. With new regulatory
r e s p o n s i b i l i t i e s wil l come
correspondingly increased demands
for scientific information based on
research. Some of this investigation
will be performed by industry. Some
of it, however, will necessarily
emanate from Government sponsor-
ship and Government laboratories.

With this as background, the Panel
feels strongly that the present level of
Federal support for this present area
of research is seriously inadequate.
The accounting of Federal monies
strictly dedicated to research on the
health effects of physical and
chemical agents of $86 million
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(Exhibit 11-3) is not proportionate to
either the magnitude of the obli-
gation or the ability of science to
contribute. By fiscal year 1977, the
Federal Government should expect to
spend roughly three times per year
what it is now spending in behalf of
this subject. This estimate was based
in part from a detailed estimate of the
cost of accommodating research
needs for environmental health,
considering the present level of
Federal expenditure for each of these
needs and estimating the degree of
Federal responsibility in each case.
The Panel relied in this exercise on a
recent review of environmental
health research needs performed for
NIH.10

The Report to Congress on the
Health Effects of Environmental
Pollutants transmitted by the
President several months ago,
contained a number of recom-
mendations dealing with research
needs," We concur with those recom-
mendations but are persuaded that
this fulfillment will be dependent on
increased funding of the magnitude
we have suggested.

Government programs of environ-
mental health research, in the
aggregate, are widely distributed
among several agencies. There is
virtue in maintaining a distributed
research effort. The variety of
interests and objectives of the
several agencies that foster this
research assures a portfolio of
different kinds of complementary
research. It seems highly unlikely
that a single agency can or would be
inclined to support this wide
spectrum of e f for t . Regulatory
agencies (FDA and EPA) require
sound scientific resources of their
own, but theirr missions, which
characteristically obligate them to
rapid responses, inhibit their dedi-
cation to long-term research proj-
ects. The regulatory agencies also
have no incentive to initiate totally
new investigations in areas where
problems have not been suggested.

Thus, considering the totality of
the Government's research on
environmental health, comple-

mentary research programs should
be supported to span the distance
between the very applied inves-
tigations and some testing to more
basic mechanistic research.

In practice, it is the research area
which is intermediate between
fundamental investigations and
applied studies which appears to be
of critical importance and which is
for the most part the Government's
responsibility. It is this respon-
sibility which has been relatively
poorly discharged up to now. Some
(but not all) of this research can be
directed. Some of it is of short
duration, but a portion represents a
lengthy dedication and a necessary
investment in future earnings.

The pattern of diversity yields a
level of specialization, coupled with a
level of sensitivity to needs, that
could not be duplicated in a con-
solidated organizational setting. The
complementary character of this
research is illustrated in Exhibit
11-9.

Of any increase in funds for
environmental health research, the
majority should be distributed
among three agencies, the National

Institute of Environmental Health
Sciences, Food and Drug Admin-
istration, and the Environmental
Protection Agency,

1, The National Inst i tute of
Environmental Health Sciences,
established in 1967 as the major
governmental scientific resource on
the health effects of environmental
agents, has remained the smallest of
the National Institutes of Health. It is
the Panel's strong recommendation
that this Institute be permitted to
develop its full potential and that it
be looked upon as the primary source
of goal-oriented yet sophisticated
scientific endeavor. NIEHS was
conceived as a bridge between the
best of fundamental scientists in
universities and NIH and the applied
regulatory problems characteristic of
regulatory agencies. It is this agency
which is best equipped to undertake
this intermediate level of research
discussed above which is so
important today. The Panel recog-
nizes that the rate at which a research
program can grow in any one year is
limited. The NIEHS, however, should
continue to grow over the next few
years at a rate which is faster than for

EXHIBIT 11-9
BIOMEDICAL RESEARCH

Extent of Involvement

Reason for Research EPA FDA

NCI
NIEHS (NIH)
(NIH) Cancer

To set standards and limits
To confirm sponsors' results —
To validate test systems
To assess effects of regulatory

action
To attract and hold good

scientists
To test old compounds
To test orphan compounds
To develop new test systems ...
To understand mechanism of

action
To understand pharmacological

disposition
To study long-range problems ..
To synthesize unifying concepts
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the other components of this Federal
research program.

2 . T h e F o o d a n d D r u g
Administration's research budget
should be permitted to increase, as it
has in the past few years, in pro-
portion to its regulatory obli-
gations.*

3. The budget for research into the
health effects of environmental
agents in the Environmental Protec-
tion Agency should be adequate to
a c c o m m o d a t e i t s s t a t u t o r y
obligations to set standards and
make informed regulatory decisions.

4. National Institute of Occupa-
tional Safety and Health should be
supported to an extent to provide for
both of its functions of supplying
advice and criteria for occupational
standards and for performing the
research necessary to derive these
criteria.

5. Division of Biology and Medicine
of the AEG reflects a legacy of very
high quality—both within univer-
sities and within the Government.
This pattern should be maintained as
this represents the backbone of
scientific information for ionizing
radiation for the electric power
industry. On the other hand, this
program, as a component of environ-
mental health research, should not be
encouraged to grow in the same pro-
portion as that for research on
chemical environmental agents. The
support for research on the bio-
logical effects of chemical environ-
mental agents should be increased
while that for physical agents should
remain roughly level. Within the
funding for research on the bio-
logical effect of radiation, additional
effort should be directed toward the
effects of non-ionizing radiation.

The Panel is impressed with the
need particularly for research of an
increased degree of sophistication in
this area. The understanding of the

* The core support for the National Center for
Toxicological Research is presently derived
from the health research budgets of FDA and
EPA. Therefore these budgets should be ade-
quate to support this laboratory appropriately.

biological processes and of the
mechanisms of action of environ-
mental agents on biological systems
is understood in relatively few
instances; such understanding is
clearly necessary in order to make
reasonable assessments of hazards to
health.

The Panel recognizes the high
desirability of developing simple in-
vitro test systems in order to fore-
shorten the present lengthy and
expensive pathways of testing for
association with or causation of
chronic disease. Although sucesss in
this matter is by no means assured,
there are theoretical possibilities and
the pay-off of success would be
enormous.

The National Insititute of Environ-
mental Health Sciences should
devote a sizable fraction of its effort
to research aimed at understanding
of the biological effects of environ-
mental agents so that proper inter-
pretation can be given to the results
of testing.

NIEHS should devote a suitable
fraction of its effort toward the
development of simple but valid in-
vitro tests of biological effects of a
variety of environmental agents.

The Panel is aware of the wide
variation of patterns of extra- versus
intra-mural research supported by
the several contributing agencies in
this field (Exhibit 11-4). The Panel
has many clear indications that the
full potential of universtiy labora-
tories has not been brought to bear on
these problems—even though many
are willing to contribute to this field.

A greater proportion of funds
should be made available for con-
tract and especially for grant
research.

While much attention has been
devoted to absolute level of budg-
etary support of research programs,
the Panel is additionally impressed
with the necessity of maintaining
continuity of support. By its very
nature, much of the research in this

area is characterized by its necessity
of long-term dedication and follow-
up without which meaningful results
cannot be expected.

The Panel strongly urges that steps
be taken to the extent possible to
assure the continuity of support of
research programs and projects
dealing with environmental health.

The new National Center for Toxi-
cological Research at Pine Bluff,
Arkansas, presents a special oppor-
tunity. This new laboratory has the
potential of being an extraordinary
resource available to develop
essential background scientific
information relating to safety assess-
ments and regulatory decisions.
However, to achieve this potential,
sufficient funding, stability, and
continuity of support are requisite.
The Panel recommends that the level
of support for the National Center for
Toxicological Research match the
need as detailed in the planning docu-
ments for that Center. A scientific
staff of exceptional quality is
necessary. Finally, appropriate
management is needed. The Panel
believes that special attention should
be given to how the scientific pro-
gram is to be directed. This choice
may be expected to inf luence
strongly the quality of professionals
attracted to the laboratory, the
continuity of the scientific endeav-
ors, and the confidence which is
ultimately placed in the laboratory's
results. We urge that serious
consideration be given to the concept
of a contractual laboratory asso-
ciated with academic sciences, as
through a consortium of univer-
sities.

The national laboratory at Pine
Bluff, Arkansas should be viewed not
as an end in itself but as the nucleus
of a broader scientific resource
available to the regulatory segment
of the Government.

n D o D o

The Panel took note of the Pharma-
cology/Toxicology Program of the
National Inst i tute of General
Medical Sciences which was not
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included in the compilation of
Research and Federal Agencies on
the health effects of environmental
chemicals given in Exhibits 11-2 and
11-3. This program deals with
clinical pharmacological studies on
the safety and efficacy of drugs and
with basic investigations on the
biological effects of drugs, including
their metabolism and distribution.
This information is applicable to
understanding the action of environ-
mental chemicals in general. The
Pharmacology/Toxicology Program
is a coordinated national effort which
supports centers and major projects
in academic medical centers, together
with approximately fifty additional
research projects in research
institutes of various sorts.

The Pharmacology/Toxicology
Program is not generally concerned
with studies on specific drugs, but
stresses the development of basic
principles for evaluation and under-
standing of the pharmacological
action of therapeutic agents in
general. Information is obtained in
this Program which is of importance
to the Food and Drug Adminis-
tration and other groups, both public
and private, in the study of the safety
and efficacy of drugs in humans and
animals. For example, the Program
was responsible for setting up the
first fully coordinated adverse drug
reaction monitoring system which
serves as a model for those now being
set up in a number of other medical
centers.

The fiscal year 1972 budget for the
research aspect of the Program was
$13.4 million and an additional $5.6
million was devoted to training in
pharmacology, clinical pharma-
cology and toxicology.

The Pharmacology/Toxicology
Program of the National Institute of
General Medical Sciences is ful-
filling an important mission in
obtaining information on the general
principles required in evaluation of
the safety and efficacy of drugs. This
program should continue to be
supported in increasing amounts
consistent with national needs.

The need for data on human expe-
rience and experiments presents a
special challenge.

Better and more systematic use
should be made of occupationally
exposed groups for epidemiologic
studies relating to specific environ-
mental agents.

Group practice pre-paid health
care schemes, as envisaged in health
Maintenance Organizations and as
represented by such organizations as
the Kaiser Health Care Plan, should
be utilized as settings for more
systematic observation of associa-
tions between environmental agents
and clinical disease.

Epidemiologic studies of environ-
mentally related disease should be
encouraged. Two measures which
would go far in this direction are (1)
some modest ins t ruments for
collecting data such as a National
Death Index and (2) the training and
accommodation of non-physician
epidemiologists.

The discussion earlier in this
section noted that what was termed
"some elementary information" was
often not available to decision-
makers. This elementary infor-
mation includes data on the amount
of a substance produced and on its
distribution and uses.

A systematic accounting of the
amounts of chemical substances
produced and their routes of distri-
bution in commerce and use should
be made available.

ANALYTIC TECHNIQUES
AND KNOWLEDGE

FROM MONITORING

Physical measurements and
monitoring of substances in food-
stuffs and in the environment are
undertaken by a number of Govern-
ment agencies. The motivation for
these monitoring efforts varies

widely yet the results of thiise
dispersed measurement programs
have come to be of some importance
in understanding human exposures
to chemicals. The U.S. Geological
Survey and the Environmental
Protection Agency perform measure-
ments of elemental substances in
waters and sediments. The Interior
Department measures a variety of
substances in wildlife. The FDA and
the Department of Agriculture
sample foodstuffs for chemical resi-
dues of various types. Some of these
measurements are made in order to
understand better some of the
natural processes in the environ-
ment. Some are made as part of a
program of enforcement of the law
governing pesticide residues.

Generally, the results of this
dispersed monitoring effort are not
aggregated except as needed. From
time to time, special compilations are
made of certain aspects. Pesticides
residues are measured by various
Government departments in wild-
life, food, human tissue, air, etc. The
results of these several measure-
ments are compiled regularly under a
loose system termed the Pesticides
Monitoring Program and the selected
results are published quarterly in the
Pesticides Monitoring Journal.

Government programs respon-
sible for the development of analytic
techniques which are used even-
tually in monitoring have been highly
successful. The Food and Drug
Administration has supported a
program of high quality aimed at
developing new methods of analysis
of trace substances in foods and
animal feeds.

If one is really to offer a useful
analysis of risks and benefits, some
assessment of usefulness or better-
ment must be offered. In general, as
in the case of risks, there is much less
information available on benefits of a
particular product than would be
desirable.

A common practice is to view a
product's attractiveness in the
marketplace as an index of its social
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value. Hopefully these two are
related but the relationship may not
be a proportional one.

A second common practice is to
assume that a certain level of use of a
class of materials implies an essen-
tiality of use or dependence. In
practice it characteristically is
difficult to separate facts from
opinion. It is very difficult to assess
the true utility or efficacy of a
pharmaceutical agent after it has
been introduced into clinical use.
Similarly, the assessment of the
quantitative value or marginal
productivity of pesticides in agri-
culture has proven particularly diffi-
cult, although their utility is often
unquestioned anecdotally. The
economic utility of pesticides and the
consequences of a shift away from
chemical pest control agents remain
elusive to analysis.

The Pane] was impressed that the
utility or benefit of many chemical
substances was as difficult to artic-
ulate as the risks associated with
their use. Good quantitative studies
of benefit should be undertaken.

It is suggested from time to time
that some products carry with them
very high degrees of social value or
essentiality. Oral contraceptives, for
example , would p robab ly be
considered by most observers as
items of particular value. If balanced
decisions are to be found, there will
necessarily have to be available at
the time of performing the balance at
least a valid qualitative assessment
of the benefit or utility function of the
material or product in question.
Some notion of the degree of de-
pendence, of oppor tuni t ies for
making substitutions and of the
penalties which would follow the
loss of the product must be supplied
in order to arrive at a reasonably
studied judgment.

The Food and Drug Adminis-
tration, in carrying out its charter of
endeavoring to assure a supply of
healthful foods and safe and useful
drugs, should regularly engage in a
systematic estimate of the utility of
the products it regulates.

The Environmental Protection
Agency together with the Depart-
ment of Agriculture should develop
valid assessments in economic terms
of the usefulness of agricultural
chemicals, feed additives and pesti-
cides.

The National Bureau of Standards
should be engaged where appropriate
to examine and judge the utility of
industrial chemical products which
may come under scrutiny as human
or environmental hazards.

Efficacy of chemical products has
become a matter of increasing
concern. This is perhaps no more
clearly noted than in the field of
therapeutic drugs. The question
which commonly arises is how
sophisticated must the information
on efficacy be before accepting the
product into practice. Are empirical
observations of relief of symptoms or
alterations of one or more of the
components of a disease sufficient or
should chemotherapeutic inter-
vention depend on documented
evidence of an effect on the funda-
mental mechanisms of the patho-
logical process? There is always the
hazard that through symptomatic
treatment, the natural course of a
disease may not be altered or even
that an undesirable complication
may ensue. Unfortunately, we lack
knowledge of the fundamental
causes and mechanisms of many
diseases and evidence of pharma-
cological intervention at this level is
often science limited.

INFORMATION FOR
BALANCED DECISIONS

ASIDE FROM
RISKS AND BENEFITS

A review of almost any of the
recent examples of decision-making
about chemical substances which
become thought of as "environ-
mental chemicals" reveals a heavy
overlay of a climate of crisis. This
remark applies as well to the
gathering of information as to the
making of judgments on the basis of

the information. One characteristic is
clear. In general, knowledge about
biological processes and effects has
typically lagged far behind the tech-
nological processes which developed
and produced new chemical prod-
ucts. The universe of these is now
very large. Some would say, it is
overwhelming and would strike a
pose of resignation when asked,
where should one make a beginning
at improving knowledge of bio-
logical effects for this universe. An
admission, probably accurate, that
biological understanding will
inevitably lag behind, suggests the
need for some systematically set
priorities for this research endeavor.
The following represents a suggested
scheme of setting these priorities. It
rests on some explicit assumptions:

1, In general, knowledge of bio-
logical properties of chemical
products will be less complete than
will information on chemical and
physical properties.

2. It is possible to infer certain
types of environmental behavior
(persistence, adsorption on particu-
late matter, migration, etc.) from a
knowledge of certain physical and
chemical pro lerties.

The proposed scheme calls for the
derivation of an index (or indices)
which would give some probability
of human exposure to the chemical.*
A series of these indices (with
suitable qualifications) could then be
used to select from a universe of sub-
stances those which could conceiv-
ably become a hazard to health. This
information would be used to derive
research priorities to seek out
inherent biological properties. A true
hazard, simplistically, would be
represented by a material which
possessed both a high probability of
coming into contact with members of
the general population and bio-
logical properties which render it a
risk.

* The same considerations could be applied to
other, non-human targets so that probabilities
of wildlife or other environmental exposures
could be derived.
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A principal, first approximation
screen would arise from information
on the magnitude of production and
on the distribution of the chemical.
The next step would be to take note of
certain chemical and physical prop-
erties. The particular list which
could be useful in this case is unclear
but the following are offered as
suggestions:

1. Physical stability
2. Solubility
3. Vapor pressure
4. Chemical reactivity
5. Degree of polarity

As suggested, these would be used
to derive some useful hints as to how
materials would behave if released
into various environments. Here one
can admit to a number of cautionary
statements or qualifications.

1. Valid prediction of environ-
mental behavior may be correct in
only a minority of cases via this
scheme. A prediction which is valid
10 to 20 percent of the time could be
sufficient to make this effort prof-
itable.

2. A number of second- and higher-
order effects may ensue in the real
environment and overshadow the
relatively simplistic predictions
from this scheme. Biological routes of
degradation, biological magnifi-
cation, photolytic events, pro-
duction of new entities, interactions,
etc., may be the most important
events. The extent to which this is
true strengthens the case for
imposing on any standard or routine
sorting scheme the judgment and
scientific insight of a handful (1 to 3)
of professionals.

3. Specific local concentrations of
materials may be more important
than average distributions.

Pilot studies should be initiated to
explore the responsibility of sorting
various cJasses of chemical products
to ascertain their likelihood of
becoming a measurab le human
exposure so that this information
could be used to direct priorities for

research on biological properties as
they might influence human health.*

FORECASTING—HOW
TO LOOK AROUND

THE CORNER

There is a widely recognized need
for a national center capable of pro-
viding guidance on the effects of
future technologies on the environ-
ment. A recent HEW Task Force on
Research Planning for Environ-
mental Health Sciences in its report,
"Man's Health and the Environ-
ment—Some Research Needs,"called
attention to the urgent need for a
forecasting program ". . .capable of
timely and effective warning of tech-
nology induced perturbations of
environmental factors which may
have health implications." Both new
technologies and evolving estab-
lished technologies are of interest.
The important purposes of such a
center would be to: (1) predict forth-
coming technological developments
in direction and size which could, in
turn, lead to new materials, new
distributions of materials, or greatly
augmented uses of materials, which
themselves, could represent environ-
mental hazards, (2) apply scientific
intuition to the pattern of materials
in the phys ica l e n v i r o n m e n t
searching especially for important
second- or higher-order inter-
actions, (3) develop priorities for
research aimed at illuminating
effects on human health and the
environment as far in advance of
major decisions and developments as
possible, (4) predict needs for and
probabilities of the development of
appropriate control technologies
corresponding to present or future
environmental hazards, and (5)
predict forthcoming developments in
analytic methodologies useful in
detection of environmental hazards.

* The Panel is greatly encouraged by a proj-
ect of this sort already underway, termed the
Cancer Hazards Ranking and Information
System, supported by the National Cancer
Institute.

A limited number of environ-
mental forecasts exist in the pub-
lished literature. For the most part,
these are concerned with emission
sources and to a lesser extent with
the control technology. The spectrum
of such forecasts is broad and it is
useful to divide them into two groups
according to the accuracy with which
projections can be made, namely,
conventional pollution, and new
products and processes with
e n v i r o n m e n t a l impl ica t ions .
Examples of conventional pollution
include sulfur dioxide and photo-
chemical smog and projections are
available in the literature for both
types of air pollution. There have
been a number of recent examples of
products which reflected new tech-
nological developments where
environmental and human health
implications were unknown but were
thought worthy of investigation.
Some of these examples have
included phosphate substitutes in
detergents, fuel additives for auto-
motive use, new modes and facilities
for transportation, etc. Important,
also, to the maintenance of environ-
mental quality is the development of
instrumentation and monitoring
systems capable of detecting very
low levels of primary pollutants and
their reaction products . The
formation of new substances in the
environment as a result of physical,
chemical and biological interactions
poses a major challenge in the
environmental forecasting field.
Recent examples of this latter include
the formation of photochemical smog
and the biological methylation of
mercury.

The methodology developed in
recent years for technology fore-
casting should be of value in the
environmental field, but as yet has
received only rudimentary appli-
cation. Such techniques as the Delphi
method (refined expert opinion),
trend extrapolation and monitoring
should prove useful in evaluating the
impact of new technology on the
environment. Examination of
patterns of technological innovation
indicates (contrary to common

528-750 O - 73 - I
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opinion) that the full process from
scientific discovery to widespread
adoption usually takes upwards of
ten years with twenty to twenty-five
years more likely. Thus there will, in
general, be time to plan for the
environmental effects of new tech-
nologies. Prediction of the events
forthcoming within only the next two
years into the future would be
exceedingly useful, especially as an
aid to directing biological research
designed to discover the impli-
cations for human health of environ-
mental agents.

Serious attention should be given
to the establishment of a small but
highly capable, analytically oriented
group to engage in forecasting of new
technologies which could lead to new
materials or new uses of materials,
prediction of new technologies of
environmental control and trends in
analytic capabilities in behalf of
priority-setting for environmental
health research.

The Panel found much to commend
the distributed character of Federal
support and programs for environ-
mental health research (vide supra).
At the same time, in order to make the
most efficient use of these resources,
an instrument of coordination
appears vital. The importance of this
matter is highlighted during the
period of decision-making on an
important, impending regulatory
decision where it is discovered that
an additional, short-term piece of
investigation would in all prob-
ability add the appropriate bit of evi-
dence to strengthen the decision.
This type of contingency is extremely
common, A coordinating body with

authority to direct small expend-
itures for short-term studies would
go far toward increasing the quality
of scientific evidence ultimately used
in decision-making.

A coordinating body, associated
with the Office of Science and Tech-
nology should bear the respon-
sibility of assuring the appropriate
utilization of the several Federal
scientific resources in behalf of
environmental health and the
associated regulatory decisions. This
body should have control of a
suitable contingency fund.

The proprietary nature of certain
types of information has proven to be
a stumbling block to improving the
quality of decision-making. On
occasion, information concerning
quantities of materials produced and
patterns of distribution or use are
known but are closely held. At least
as important is a failure to share bio-
logical information concerning
efficacy and unintended side effects.
The failure to share this information
prevents the scrutiny of it by much of
the scientific community—a matter
recognized by a previous PSAC
Panel, Industry would like not to give
away their monetary investment in
this research to firms which "ride on
the coattails" of the original develop-
ers.

ToxicoJogical and efficacy infor-
mation submitted by industry in
behalf of the registration or pre-
marketing clearance of new prod-
ucts should be made available to the
scientific community and to the

public if the products are success-
fully registered.*

For those products for which the
petitions for registration are not
successful, the submitted infor-
mation accompanying the petition
should similarly be made available.
However, a suitable scheme should
be arranged for assuring adequate
compensation for the original
developers and researchers.

Finally, the Panel is impressed, as
are others, with the potential benefits
to be gained from international
cooperation in the performance of
environmental health research and in
the exchange of information for
regulatory decisions. The recently
concluded series of agreements for
cooperation between the United
States and the United Kingdom,
Japan, the U.S.S.R. in behalf of
environmental health research are to
be highly commended. We are
pleased to add our encouragement to
the proposals made by the President
in his message on Science and
Technology14 and to the recommen-
dation contained in his report to
Congress on the Health Effects of
Environmental Pollution.15

The fullest possible use should be
made of international cooperative
agreements for the performance of
research and the exchange of
scientific information in behalf of our
understanding of the health effects of
environmental agents including
chemicals.

* The Panel finds the recent proposal of the
Food and Drug Administration entirely consist-
ent with this recommendation.
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CHAPTER 12

ECONOMIC ISSUES*

INTRODUCTION

This section of the report is de-
voted to an examination of various
economic issues. The questions
raised in this section are not con-
sidered in isolation for their own
sake. The intent is rather to examine
the relationship if any, between the
regulatory practices of the two
principal Federal agencies engaged in
regulation of chemical products, the
Food and Drug Administration and
the Environmental Protect ion
Agency, and the flow of research,
development and new products in the
industries which they regulate. The
Panel was moved to examine in some
detail a number of anecdotal and
exhortative statements widely
espoused which claimed that there
was a relationship between regula-
tory behavior of the Government for
regulated chemical products and
productivity of the industries, the
character and vigor of their research
and development activities, the flow
of innovative new products into the
market, the competitive position of
the U.S. industries compared to their
counterparts abroad, etc. In many
cases, the exhortations assumed a
negative viewpoint—urging that the
penalty of what was viewed in some
quarters as prudent regulation out-
weighed the intended benefits.

Therefore, this chapter will
attempt to take stock of the recent
trends in R&D in the regulated pri-
vate sector which develops and mar-
kets new chemical products.

This chapter is concerned almost
entirely with chemical products.
Analyses of the economic impact of
regulation of air and water pollut-
ants have been attempted by others.
These are reflected in this chapter
but no corresponding, independent
analysis was done by the Panel. A

major preoccupation of the Panel was
the impact, if any, of regulation on
industrial R&D activities. Finally,
the Panel considered the need for
Federal efforts to "compensate" or
balance any of the apparently nega-
tive effects of product regulation.
Throughout this section, experience
of the pharmaceutical and the
agricultural chemicals industries is
of fe red . These are the major
regulated industries. There exist
more data about them than for others.
Industries producing food additives
represent some peculiarities of their
own which set them somewhat apart
from the other two. Finally, the Panel
ventured some speculations con-
cerning the probable economic im-
pact of new regulatory legislation
presently under consideration by the
Congress.

GENERAL CHARACTER
AND ECONOMIC HEALTH

OF REGULATED INDUSTRIES

1. Pharmaceutical products

Of the 6,330 pharmaceutical firms
subject to FDA regulatory activities
in 1969, 1,129 were primarily en-
gaged in drug manufacturing and 875
of these primarily dedicated to the
manufacture of pharmaceutical
preparations (as opposed to biolog-
icals and botanicals). Commerce
Department data have demon-
strated a decline in the total number
of manufacturers of pharmaceutical
preparations although the total num-
ber of large manufacturers has re-
mained almost constant since 1954.

In spite of a decline in the total
number of manufacturers, the total
value of sales (manufacturers' ship-
ments) of the U.S. drug industry has
risen consistently. Pharmaceutical
preparations ranked 15th among

industries according to value of ship-
ments in 1969. Foreign sales, in re-
cent years, have increased at a rate
roughly twice that of domestic sales.

As discussed in more detail later in
this chapter, the drug industry is
highly research-intensive and
appears to be becoming even more so.
If only company-funded research and
development is considered, no other
industry surpasses the R&D invest-
ment fraction of pharmaceutical
preparations. As a percent of net
sales, industrial R&D investment
appears to have remained high for all
of the years for which data are avail-
able.

If R&D investment is considered as
an input, the output of successful
new drugs does not seem to have been
proportionately related. The total
number of new drugs marketed in the
U.S. each year, which includes new
single chemical entities as well as
duplicate products, compounded
products and new dosage forms de-
clined each year beginning in the
1950's. The number of new single
chemical entities reached a peak in
1959 and has generally fallen since
then. However, the number of new
s i g n i f i c a n t chemica l en t i t i e s
developed year by year has re-
mained fairly constant.

There are limitations to even the
best of attempts at estimating the
costs of development of successful
new drug products. However, with
an acceptance of these limitations, it
is clear that: 1) the dollar costs of
development have risen with time
over the past several years and, 2) the
length of time required for develop-
ment has increased. Between 1950

* The Panel, during its deliberations, arrived
at a number of findings, which are underlined in
this chapter. In some cases these led to formal
recommendations which are presented in Chap-
ters 2 and 3.
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and 1967 (reflecting mainly drugs
developed before 1960) the experi-
ence of one company was that it re-
quired two years' development time
and $1.5 million (considering the
combined costs of successful and
unsuccessful products) to arrive at a
new single chemical entity. In 1971, a
similar estimate suggested that the
cost of a successful drug develop-
ment varied between $2.7 and $4.7
million and required 4.5 to 8.5 years.

2. Agricultural products

The agricultural chemicals indus-
try ranked 46th in 1969 in terms of
value of sales. In 1964, basic pesti-
cide chemicals were produced by 106
firms. In addition, there were 1,542
plants engaged in formulation of
pesticide mixtures and in distri-
bution of products. The value of sales
of basic pesticide chemicals has in-
creased consistently each year be-
tween 1962 and 1970.

According to a survey by the Na-
tional Agricul tural Chemicals
Association, sales of basic materials
increased at a rate of 13 percent be-
tween 1967 and 1970 while research
and development expenditures over
the same period rose 33 percent. In
1962, the Department of Agriculture
estimated that it required an invest-
ment of $1 million to $1.5 million to
achieve a successful marketed pesti-
cide product. In\1969, according to a
different survey, the cost of success-
ful development (.taking the cost of
u n s u c c e s s f u l pand ida t e s i n to
consideration) was said to be $5,6
million. The corresponding expe-
rience of one firm between 1960 and
1970 was $11 million of R&D ex-
pense per successful product.

There is some evidence (although it
is only now begining to emerge) that
some firms are discontinuing fur-
ther investment in behalf of pesti-
cides and that others are merging
with larger companies. Smaller firms
are finding it difficult to support the
size and sophistication of research
needed to develop successful new
chemical entities. However, there is

no evidence that mergers or the
d i s c o n t i n u a t i o n o f c h e m i c a l
manufacturing by individual firms is
more pronounced in the case of pesti-
cides than in any other segment of the
chemical industry during the past
five years.

CANCELLATION AND
RECALLS

The 1962 amendments to the basic
enabling act of the Food and Drug
Administration marked a watershed
in American attitudes toward the use
of chemicals. By that Act, and by
subsequent legislation, the Congress,
in effect, divided all existing chemi-
cal products into two categories. In
one were most chemicals. The other
included chemicals that failed to
meet contemporary standards of
safety and efficacy. The Congres-
sional goal was to force the second
class off the market as promptly as
feasible.

As was to be expected, the great
mass of chemicals remained in use;
they met the newer standards well.
But numbers did not. And, pursuant
to the Congressional mandate, they
were withdrawn. For example, 5,189
New Drug Applications were with-
drawn by the FDA from 1967 to 1971.
The majority of these withdrawals
stemmed from recommendations
made in the Drug Efficacy Study of
the National Academy of Sciences.*
A companion study by the National
Academy of Sciences, on allowable
pesticide residues on food crops, led
the Environmental Protection
Agency to de-register a significant
number of pesticides. Thus the EPA
cancelled some 3,544 registrations in
1969, 5,236 in 1970 and 7,005 in 1971.
In many cases public safety was
afforded by limiting the pesticide to
certain uses where it was both essen-
tial and of limited impact on the

environment. But other pesticides,
herbicides, fungicides were totally
removed.**

Such tightened controls followed
through not merely the expressed
Congressional intent but also the in-
creasing public concern for assuring
adequate safety and efficacy in the
use of chemicals. It would, therefore,
not be surprising if the threat of re-
calls, the commercial concerns of
producers, and the risks associated
with investment in the industry had
all increased. Indeed, unless Con-
gress were legislating against phan-
tom problems, and unless the exec-
utive agencies failed to carry through
on these tighter standards, it is hard
to see how such commercial conse-
quences would not occur. The conse-
quences of concern to this panel are
those with respect to possible im-
pact on research and development of
new and significant chemicals. (That
question is taken up in Section E be-
low.) It is sufficient here to note that
producers can cover the risks asso-
ciated with governmental recalls and
cancellations, by the purchase of
insurance available from private
companies. The fact that such in-
surance seems still not to be widely
demanded indicates that current
regulatory activities, and those in the
near future, do not seem to add
significantly to the uncertainty in the
operations of chemical producers.!

* That study listed a greater number for pos-
sible scrutiny. The difference is accounted for
by those drugs for which manufacturers sub-
mitted additional data giving satisfactory new
findings on the drugs in question.

** Further detail appears in Appendix D.
Taking the proportion of products removed
entirely from the market to total restrictions as
reported by the National Agricultural Chemi-
cals Association something like 175 products
were apparently removed from the market in
1969 and 1,750 in 1970. However, the total re-
moval rate might have been different among the
companies not included in the survey.

t Obviously product cancellations and fail-
ures, occur for reasons of commercial inade-
quacy, public concern as well as because of
government regulations. Hence, the cost of in-
surance would be greater than that specifically
arising from Federal executive actions, how-
ever sudden and however arbitrary. Hence, in-
surance rates of one percent on sales—to take
what seems a not unreasonable figure—tends to
overstate the costs from Federal action, and far
overstates the costs of sudden, unanticipated
Federal actions.
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It is important to note that the nor-
mal code of responsibility of chemi-
cal producers would lead them to
withdraw from the market some of
the products included in the list can-
celed by the FDA. For example,
discovery that a certain serum con-
tainer had been causing deaths in
hospitals reached both the pro-
ducing company and FDA at much
the same time. It is difficult to believe
that the company would have con-
tinued producing that container even
if the FDA had not been there to can-
cel. Hence, we cannot assume that the
uncertainties linked to FDA cancella-
tions, even sudden cancellations, are
all ones that would fail to exist if the
FDA did not. Their commercial re-
sult cannot therefore be entirely
attributable to the FDA.

The chemical industry is a vastly
creative, rapidly advancing indus-
try. It has been so for many years.
Both the social contribution it makes,
and the profits its investors earn,
jointly come from the rapid creation
of newer, and usually better prod-
ucts. But virtually every one of
these newer products tends to force
an existing one off the market, end-
ing its commercial life. The addi-
tional impact of those government re-
calls which industry would not it-
self voluntarily make appears to add
little to that uncertainty. We are left
with a recognition that Federal
agencies must continue to recall du-
bious products as promptly as pos-

jsible once accumulating scientific
knowledge warrants that action. It is
by speeding the expansion of tested
knowledge about chemicals that we
will reduce both dangers to man and
his environment and losses to enter-
prise.

The Panel is impressed that the
abruptness and the unexpected
character of some product bans and
recalls may be as perturbing as is the
ban itself. Displacement of products
by others and of industries by other
industries takes place naturally over
an extended period of time. FDA and
EPA decisions, typically based on the
acquisition of new scientific knowl-
edge, are often perceived as very

abrupt moves. That these decisions
deserve to be founded on the best
information possible should be evi-
dent. The Federal Government has a
primary responsibility of assuring
that its decisions are based on the
best evidence that science can pro-
vide and that a thorough and delib-
erate exercise of scientific interpre-
tation accompanies every regula-
tory judgment.

The Panel has not found evidence
of startling changes in the fabric of
the chemical manufacturing indus-
tries ffor drugs or pesticides, for
examplej. There does seem to have
been some displacement of second-
ary distributors and formulators of
products by primary manufac-
turers.

This has been accompanied by a
more critical scrutiny by manage-
ment of new lines of product develop-
ment. There has been some effort at
diversification—especially among
drug manufacturers. Finally, there
has been a review of pricing policies
with a thought of increasing the unit
return on a smaller volume of mate-
rial.

There have been changes in the
industrial research and develop-
ment efforts of chemical manufac-
turers. These are discussed more
fully in the next section and reflect a
variety of new pressures on
manufacturers. There is some evi-
dence that some manufacturers have
attempted to anticipate the threat of
recall by including during the course
of development some investigations
as " insurance" aga ins t la ter
questioning.

We conclude that the risks of fail-
ure that confront a company when it
begins to investigate a set of chemi-
cal compounds for marketing are al-
ready enormous. At that stage, the
additional risks of failure, because of
the prospect of Government ban or
recall, are small—but of course do en-
hance the total risk. One final piece of
evidence for this conclusion is the
fact that, although it has been
commercially available for some
time, recall insurance has been pur-
chased in only a few instances. One

reason for not doing so is presum-
ably that self-insurance is less
expensive than purchasing in-
surance. However, another reason
may well be that the insurable risk
adds so little to the risk of failure that
it is not worth separate planning, but
is simply another business risk.

COMPENSATION

Federal actions may create sub-
stantial losses to some companies,
and substantial gains to others. In the
U.S. economy those uncertainties
that stem from Government actions
are but part of the entire range of
uncertainties and risks with which
private businesses are confronted,
and for which they necessarily seek
compensation. In a market economy
their compensation for bearing such
risks is typically a cost that consum-
ers of their products must pay if the
product is to continue on the market.
Tighter safety regulations for mining
coal, producing automobiles, de-
signing ships—what product or
industry is not affected by Federal
regulation of one sort or another?
Such regulations are part of the risks
of engaging in business in a mixed
economy. Investors will not con-
tinue to provide funds for produc-
tion in an industry if they are not
compensated adequately, including
an allowance for the varying impact
of such uncertainties and risks.

Compensation for these uncer-
tainties and risks is typically pro-
vided by the ultimate consumer of the
product being produced. It becomes
one necessary element in the price he
pays. If he is unwilling to pay a price
s u f f i c i e n t to cover the t o t a l
compensation required by inves-
tors, then resources will leave the
industry. Such a result is not pecu-
liar to chemicals, nor to just a few
industries in our economy. It is in fact
typical of virtually every industry in
the nation. For this reason proposals
to compensate for particular govern-
ment actions are not often made, and
still more rarely supported by Con-
gress and the courts.
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Does the impact of Federal action
produce greater gains (or losses) in
the chemical industry than in other
industries? If so the government
might charge for these extra gains, or
compensate for these extra losses.
Clearly, merely to charge for gains, or
merely to compensate for losses,
would make the government a closer
financial partner in this single indus-
try than in others—and therefore be
relatively over generous (or overly
harsh) to investors in this one indus-
try.

Are the gains to investors from
Federal regulation of the industry
really greater than in other indus-
tries? The investor gains in the
industry come primarily in the form
of the capital values available as the
result of the award of an FDA
approval. A company marketing a
product marked "Approved by the
FDA" has a more desirable, and hence
more valuable product, than one
lacking such certification—even if
both could be freely marketed. On
the other hand investors sustain loss-
es from withdrawals abruptly im-
posed on producers when evidence of
dangerous s ide-effects is dis-
covered.

To measure the gains net of losses
in the industry per se is not an easy
matter. Even to measure the losses
imposed by withdrawal orders is a
difficult affair. What is at issue is a
comparison between a) the total of
such losses and b) the total of such
losses if there had been no Federal
order to withdraw the product. And
for such a comparison the issue is not
at all clear: it is conceivable that the
Federal contribution to impact may
be small. It could even be negative for
the company as a whole.

On October 12, 1969 a leading pro-
ducer provided evidence to the FDA
that cyclamates had caused cancer in
animals. It seems highly likely that
even if no Delaney provision in the
law existed, and no FDA edict had
been issued, that any responsible
p r o d u c e r of e th ica l pharma-
ceuticals, would have taken action to
limit the use of cyclamates or per-
haps even to have withdrawn them.

And given either action would an
outpouring of publicity, and con-
sequent drop in sales not have been
all but inevitable? Surely combining
a) new information with b) a climate
of acute publicity and concern would
have created losses for the company
without any explicit action by the
FDA.

In today's world we must take as
given wide public concern about
health. Such concern leads to news-
paper and TV stories on such topics,
even ignoring the further contribu-
tion made by special interest groups.
Therefore even if the FDA failed to
act whenever scientific evidence
warranted action, then the mere
withdrawal of a product by a respon-
sible producer might, in today's
world, set up shock waves of re-
sponse. Such intensified doubts
would bring declines in sales, and in-
quiries of all kinds about the entire
corpus of pharmaceuticals already
on the market.

The presence of an FDA or an EPA,
therefore , provides substantial
assurance that the public can con-
tinue to place confidence in the thou-
sands of pharmaceuticals now on the
market—because the government
agency will remove doubtful ones as
soon as scientific evidence appears.

In sum, it is by no means clear that
government regulatory agency
orders to withdraw chemicals from
the market have imposed net costs on
the industry for which particular
Federal compensation acts are re-
quired.

To warrant compensation merely
for the chemical industry there
would f i r s t have to be some
demonstration:

a. That Federal negative im-
pacts on other industries were some-
how different, and less worthy of
public compensation (surely diffi-
cult to argue in the light of intensi-
fied regulation of coal mining,
a u t o m o b i l e exhaus t sy s t ems ,
effluent discharges, etc.).

b. That only negative impacts
should be considered, while the posi-
tive Federal contributions to the

financial well being of the industry
were to be ignored.

c. That the normal private
market mechanism by which inves-
tors cover their risks from the price
freely charged in the market should
not apply here as in much of the rest
of the economy.

There is an alternative argument
for compensation. Some have tended
to be l ieve tha t the impl ied
assurances of safety involved in
registration or approval are—or at
least should be—immutable. It was
because they read the FDA's
"generally recognized as safe" as
being "forever recognized as safe"
that some aggrieved parties have
protested and sought compensation
for that agency's cyclamate deci-
sion. Throughout this report the
Panel has tried to stress the dynamic
character of the scientific endeavor
and the ways in which this character
will inevitably be reflected in regula-
tory actions. Accordingly, we find no
merit in this argument for compensa-
tion.

There is no compelling argument
for a policy of compensating
manufacturers for the economic im-
pact of cancellations and with-
drawals. Exceptions must be consid-
ered on their special merits.

RESEARCH AND
DEVELOPMENT TOWARD

NEW CHEMICAL
PRODUCTS

This Panel finds that research and
development in the chemical indus-
try has been vigorous and growing in
the decade since the 1962 FDA
amendments. Moreover, we con-
clude that such R&D promises to con-
tinue a healthy rate of growth in the
immediate future despite increased
government regulation, and in part
because of regulation. Such a conclu-
sion may seem striking to those who
have read a variety of statements and
studies that see faltering research
effort by the chemical industry,
largely as a result of tightened
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regulation. It is therefore desirable to
indicate just why the strength and
structure of the U. S. chemical indus-
try both encourages R&D and is like-
ly to continue to do so.

A plethora of predictions have
pointed to Federal regulation as
creating disincentives for private
R&D. A variety of writers have con-
cluded that the prospects for dis-
covering new products have darken-
ed, that R&D has been declining, has
become defensive, that research is
increasingly being transferred over-
seas, etc.o " 2° 22-" Many of these
propositions have been supported by
cogent anecdotes, or assurances of
bleak days ahead. There has been
some reference to factual measures,
even if biased ones.*

The measurement of R&D is not
unique. It is relatively easy to meas-
ure the effort applied to R&D; much
more difficult to measure the useful-
ness to the community of its output.
In an era where the real cost of ad-
vances is steadily increasing,
particularly because of increased
requirements for testing, a growth
situation that might be regarded as
neutral will almost inevitably in-
volve increasing effort and de-
creasing output. Thus both effort and
output deserve our careful attention.
We cannot expect any simple
answers to general questions about
the health of R&D on chemicals.

The strength of R&D in the chemi-
cal industry in recent years is read-
ily understandable once it is clear
what R&D is. The research and
development process is one that
creates information—not just prod-
ucts. R&D in the U.S. chemical indus-
try involves extended and often
expensive investigation—which in
turn occasionally yields success-
fully marketed products. Other than

* Reference has frequently been made to the
count of new single chemical entities. Both
industry representatives and some government
spokesmen have relied on such measures to
reach directly opposite conclusions as to why
R&D declines occurred. As we indicate below,
such measures do not indicate the trend in R&D,
hence they cannot warrant either set of conclu-
sions.

the high quality of the research
effort, and the energy in developing
market applications, this pattern is
characteristic of chemical R&D of
every other nation as well, in econo-
mies based on the market and those
relying on central direction. No
known approach, in any nation,
guarantees shorter, less expensive
ways to create safe and efficacious
chemical products to conquer dis-
ease or protest against crop failure
and noxious insects.

Most of the products that the
laboratories of pharmaceut ical
houses initially take up for investiga-
tions, or firms making pesticides,
prove to be commercial failures. Five
to ten thousand chemicals are initial-
ly studied as serious possibilities for
every single product that makes its
successful way clear through the
R&D process to the market. Yet the
endeavor, and expense, put forth for
these unsuccessful tries is put forth
as R&D no less than is that put forth
to the successes. The same quality
personnel, laboratories and mate-
rials are used to investigate the duds
as the enormous successes. Indeed, at

the start of any given investigation
there is usually little basis for
guaranteeing (perhaps even for
knowing) whether it will succeed.
Hence a nation, or a company or an
industry is increasing its R&D in
chemicals whenever it devotes more
of its chemists to developing chemi-
cals, more physicians and biologists
to testing their safety and efficacy.
That is so whether those investiga-
tions yield a profit to private firms or
not. It is also so whether they yield
bonanza medical discoveries to
society or not.

To judge the trend of chemicals
R&D effort in recent years, there-
fore, our most suitable measure
would be the trend of expenditures
for R&D allowing for price changes
(i.e. in constant dollars). Precisely
such estimates are available only for
the pharmaceutical industry: Exhibit
12-1 shows the upward trend they re-
port since I960.* An upward trend
for other sectors of the chemical

* Data on actual R&D expenditures, of course,
rise even more given the inflation of prices in re-
cent years.

EXHIBIT 12-1
RESEARCH AND DEVELOPMENT EXPENDITURES

OF UNITED STATES HEADQUARTERS FIRMS
ON ETHICAL DRUGS FOR HUMAN CONSUMPTION

(S's Million)

Year

1960
1961
1962
1 963
1964
1965
1966
1967
1968
1969
1970

Worldwide

206.5
227 3
237.8
267.1
278.3
328.7
3744
412.4
449.5
505 8
565.8

Foreign

10.41

11 4
13.0
18.9
24.0
24.5
302
34.5
39.1
41 7
47.2

Domestic

196.1'
2159
224.8
248.2
254.3
304.2
3442
377.9
410.4
464 1
518.6

Domestic2

Constant
1960 Dollars

196.1
213.7
220.1
240.2
242.8
285.6
314.0
335.3
349.2
374.8
395.5

1 Estimated
2 Deflated using Consumer Price Index

Source: Pharmaceutical Manufacturers Association, Annual Survey Reports,
various issues.
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EXHIBIT 12-2

R&D SCIENTISTS AND ENGINEERS, BY INDUSTRY 1957-1970
(Full-time-equivalent number in January)

Chemicals and
Allied Products. .

Industrial
Chemicals ....
Drugs and
Medicines ....
Other
Chemicals . . . .

1957

29,400

18,000

4,700

6,700

1958

31,000

18,800

5,100

7,100

1959

33,500

20,200

5,900

7,400

1960

36,100

21,800

6,000

8,300

1961

37,000

22,900

6,200

7,900

1962

36,500

21,600

6,800

8,100

1963

38,300

22,900

6,900

8,500

1964

37,800

23,600

7,300

6,900

1965

40,000

25,700

7,700

6,600

1966

40,000

24,700

8,000

7,400

1967

38,700

22,700

9,300

6,700

1968

40,800

23,300

10,000

7,500

1969

42,200

23,600

10,300

8,300

1970

42,000

23,000

11,000

8,000

Source: National Science Foundation.

industry is also indicated by figures
on R&D personnel in those sectors.
(Exhibits 12-2 and 12-3) These fig-
ures offer a reliable indication of
strong R&D effort over the past dec-
ade. For increases in personnel would
be linked to increases in materials
consumption, laboratory facilities
and other physical research inputs,
together accounting for R&D growth.
The overall growth indicated
occurred in the face of failures of
firms in the industry, closing down of
laboratories in some instances,
reductions of staffs in others. Actual
R&D effort in existing companies
rose even more, and effort deployed
to products now going into produc-
tion rose even more. The overall in-
creases in Exhibits 12-1, 12-2 and
12-3 reveal the strength of research
effort put forth by the chemical
industry.

Over the past decade, therefore, as
during earlier years, scientists in the
chemical industry continued to dis-
cover new research possibilities,
while managements discerned new
market opportuni t ies—together
generating sharp increases in R&D
effort, How was such a marked up-
ward trend possible in the face of
tightened Federal regulations and the
various prophecies of gloom for the
industry's future? The answer turns
primarily on the vigor of the chemi-
cal industry, and on its commitment
to research.

It is important to begin by

EXHIBIT 12-3
R&D TRENDS IN PESTICIDE CHEMICALS*

Estimated
1967 1968 1969 1970 1971

Man Years in R&D 2,368 2,462 2,666 2,768 2,678
Personnel in R&D 2,238 2,349 2,498 2,547 2,495

* Data for companies accounting for 80 percent of sales.
National Agricultural Chemicals Association

distinguishing the trend of R&D in
the industry from the fate of any
particular firm, plant or product in
the market. Some 50,000 businesses
fail every year in the U. S. economy,
even in times of high prosperity. It
would be unbelievable if none of
them were in the chemicals indus-
try. The commercial life of products
in the chemical industry may be esti-
mated as about five years.7 With
3,000 to 4,000 prescription drugs on
the market, plus an unknown num-
ber of over-the-counter pharma-
ceuticals plus 35,000 pesticide
registrations, it is to be expected that
thousands of chemical products and
applications will disappear from the
market in every year even without
the shadow of government inter-
vention. They fail as a consequence
of the vigorous process by which the
chemicals industry creates and
markets ever newer and more
serviceable products. Part of this
change comes as competitors vigor-
ously attack the market position of

existing products. Part comes as
producers forcefully pursue so-
called "defensive research," in which
they seek to add elements of con-
venience, safety or other advantages
to products they are already market-
ing. (And there is no reason to be-
lieve that such product advances
yield any lesser contribution to social
welfare than R&D that leads to prod-
ucts more obviously new in the
market.)

Now the destruction of invest-
ments in certain existing prod-
u c t s — by r e g u l a t o r y ac t i ons ,
cancellations, etc.—in no way re-
quires a decline in R&D. In fact the
firms affected may intensify their
R&D, to find replacements for their
defunct product lines, to generate in-
come that would compensate for
their reduced profits. By ending the
market for broad spectrum pesti-
cides, such as 2,4,5-T and DDT, the
government did not do away with
weeds and insects. It opened a
market for narrow spectrum sub-
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stitutes able to meet the new stand-
ards. Such substitutes had a market
waiting for them among the farmers,
householders, and state highway
authorities who had bought broad
spectrum weed killers, and who
showed few signs of rejecting pesti-
cides.

Similarly when the government
ended the use of cyclamates it did not
thereby persuade children that soft
drinks had become undesirable. Nor
did it moderate the desire of their
parents to keep down their sugar in-
take. In the short run, children and
parents turned to sugar and sac-
charin. But a market had opened up
for a new chemical that had neither
the shortcomings of sugar nor sac-
charin—those shortcomings that
had originally made consumers turn
to cyclamates. Hence, sharply
intensified government regulation of
chemicals could sharply intensify
R&D—to replace chemicals forced off
the market by Federal action.

Now it is possible that such
opportunities did develop but have
not been seized because investors
have withdrawn their capital from
the industry. They could well have
lacked confidence in what the chem-
ists and biologists could create. They
could have concluded that no re-
search opportunities existed, or that
the industry could not pass on to the
consumer the costs required by pro-
longed and extensive FDA scrutiny,
etc. Had they shifted resources out of
the industry they would have pre-
cluded the availability of financing
required for more R&D. Suffice it to
say that there is little evidence of
capital flight having taken place.
Indeed industry discussion of the
consequences of regulation has fo-
cused on many aspects, but no partic-
ular mention of this one appears.

Does this imply that tightened
government regulation was a matter
to which .investors were indifferent?
Hardly. Recognition of strikingly in-
creased government regulations
would have tended to bring an imme-
diate fall in the value of chemical
Stocks. Such a fall would mean a loss,
and an irretrievable loss, for inves-

tors who owned such stocks at the
time of such recognitions. But the live
option confronting them was: retain
their assets in the industry or no. And
that choice depended on future earn-
ings in chemicals versus other
investments. If investors had antici-
pated only a future of ever-intensi-
fied government regulation they
would have shifted their investment
to other areas. But presumably the
expanded prospects for new chemi-
cals—narrow spectrum, safer, more
reliable—more than compensated for
anticipated future increases in
regulation. And such prospects
shored up investor confidence in the
ingenuity of industry personnel who
had made such spectacular contribu-
tions to American health over the
past thirty to forty years.

One measure of output for R&D in
chemicals—one that seems naively
closer to input but is actually out-
put—is the number of chemical enti-
ties going into investigation. (Allow-
ance must be made for the fraction of
compounds not carried to a terminus
of inefficacy, unsafely, or informed
decision about marketability.)

ECONOMICS, R&D
AND THE

INTERNATIONAL SCENE

1. The State of the Industry

The United States has for many
years been a net exporter of the prod-
ucts of its chemicals industry. Not
only has it exported the commercial
products themselves but it has been
an exporter of the technology in
many cases.

There have been a number of state-
ments made in recent times suggest-
ing that, as a result of the regulatory
behavior of the U.S. Government
agencies, the fprmerly preeminent
position of the United States as a
leading innovator and producer of
drugs and other chemical products
would decline. At the same time,
others have urged, basing their argu-
ments on the same pattern of regula-
tory actions, that certain new and

socially desirable products (e.g.
pharmaceutical preparations) were
becoming available earlier in coun-
tries outside the United States than
in the United States.

There is evidence that the develop-
ment of new drugs worldwide is
limited by present levels of scien-
tific understanding of a number of
disease processes. One observer
noted a conspicuous absence of
novelty in new drug therapy in 1971
and termed that year one of
"...stocktaking of scientific knowl-
edge..."10

According to a study in 1969 by the
OECD, the United States pharma-
ceutical industry supports a re-
search and development effort in
dollar terms which far overshadows
that of any other country and ex-
ceeds the total invested by the com-
bined industries of the OECD coun-
tries (Exhibit 12-4)." On a per capita
basis, R&D expenditures are ex-
ceeded only by those of Switzerland.
The rate growth of R&D in the drug
industry in the U.S. appears to be
comparab l e to tha t of o ther
industrialized nations with the pos-
sible exception of Japan." In terms of
research manpower for the drug
industry, the divergence between the
United States and other countries
appears to be less than it is for re-
search expenditures. Except for
Switzerland and Germany, the
United States employs almost
twenty times as many people in
pharmaceutical research as do other
industrialized nations.11 The total
employed in the OECD countries ex-
ceeds the number employed in the
United States. (This has been inter-
preted in part as a reflection of the
higher productivity and more highly
mechanized nature of U.S. R&D.)11

It is interesting to compare the
average periods required for innova-
tion among the pharmaceutical firms
of different countries. The character
of development of drugs in the U.S. is
not much diffeent than abroad. The
OECD study surveyed seven coun-
tries and found a fair concurrence of
responses ranging from four to seven
years. (Belgium 4 to 7, France 4 to 5,
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EXHIBIT 12-4
RESEARCH EXPENDITURES IN THE PHARMACEUTICAL
SECTOR IN MILLIONS OF UNITED STATES DOLLARS

Belgium
France
Germany
Italy
Japan
Netherlands .
Sweden
United Kingdom* .
United States

1960

104
103

3.8
21.0

. 2120

1961

144
190

48
21.8

2380

1962

144
198

59
23.2

251 0

1963

43

24 36*

14 4
27 9

79

2700

1964

27 55
4000*
150
36 9
903
8 7

29.1
2820

1965

5 2
28 42*

15 0

10 8
32.5

365 0

1966

?nn

129

399 0

Source: Country replies to OECD"
* International Statistical Year on R&D Statistical Tables and

Notes OECD DAS/SPR/66.14.

Italy 3, Japan 3 to 5, Holland 5 to 7,
United Kingdom 5, United States 7).11

If one examines the national
sources of innovation of pharma-
ceutical products, one finds an over-
whelming preponderance of drugs of
U.S. origin over those of any other
foreign origin. At least up to 1969, in
eight of nine OECD nations, the num-
ber of important marketed drugs dis-
covered by the U.S. exceeded the
number of drugs from any other
single country (Exhibit 12-5). In
Germany, that nation itself is the pri-
mary source of innovation with the
U.S. second. In the Netherlands, the
U.S. and Switzerland have supplied
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new drugs in about equal propor-
tions. This pattern appears to have
been sustained through 1971.10

The U.S. pharmaceutical industry
has not only been more agressive and
successful in research and innova-
tion, it has also been more produc-
tive when measured in output of
pharmaceutical products. It has been
found to be substantially above that
of European countries and Japan.
However, the productivity in the
United States is increasing more
slowly and the gap between the fig-
ures for the United States and other
countries has been declining. The ex-
port trends of drugs and other chemi-
cal products of U.S. manufacture
over the past several years are seen in
Exhibit 12-6.

An important factor in this picture
has been the place of the multi-
national company. In recent years,
U.S. drug firms have established and
increasingly supported foreign
subsidiaries for both research and
development and manufacturing.
R&D expenditures of U.S. head-
quartered firms abroad have in-
creased 513 percent from $10.4 mil-
lion in 1960 to $55.9 million in 1971
(Exhibit 12-7). Note that while this
export of R&D capital has been in-
creasing, it has been rising much

more slowly as a percentage of total
U.S. expenditure in drug R&D and re-
mains less than nine percent.

At first glance one might assume
that the increase in U. S. investment
in drug R&D abroad is a reflection of
the industry's desire to take ad-
vantage of lower costs of develop-
ment in foreign countries. While this
may be true to some extent, it appears
to be a minor factor. The invest-
ments in foreign R&D are made most
often to satisfy requirements laid on
by host governments. Some coun-
tries (e.g., France and Japan) require
that pre-clinical research (animal
studies) be conducted locally as a
condition for drug approval. In addi-
tion, some countries prefer to have
clinical studies conducted locally as
well and consider this factor when
passing on an application for approv-
al to market.

2. The Issues

Attention has recently been called
to a possible "innovation lag": new
products are introduced into the U.S.
after they have appeared in European
markets.8 9 Indeed, it has been assert-
ed that U.S. companies often intro-
duce new drugs first in foreign mar-
kets because of a "...monstrous

concentration of overlapping con-
trols, precautions, and delays in drug
research (in the U.S.).""According to
the argument, patients in the United
States are deprived of many useful
therapeutic agents (and, by infer-
ence, of better health) because these
new drugs are not available to U.S.
residents. By considering the nature
and cause of this lag we may gain
some useful insight into how U.S.
regulations may affect the rate of
innovation in the chemical industry.

Why are some new products intro-
duced into one country but not into
another? Why, to take a specific
example, should a useful medicine be
made available in England in 1961,
but not be introduced into the U.S.
until 1967? Introduction rates will
vary, given the combined effects of
three different factors: (1) the ex-
pected lack of commercial markets;
(2) failure to offer an advantage over
existing products, as judged by
physicians and/or consumers; (3)
company concern about the costs and
difficulties of government regula-
tion.

In any nation hundreds of chemi-
cals are marketed in a given year.
Some survive to become priceless
therapeutic adjuncts. Most dis-
appea r . T h e r e f o r e chemicals

EXHIBIT 12-6

PATTERNS OF IMPORT AND EXPORT OF VARIOUS
CLASSES OF CHEMICAL PRODUCTS—1967-1972

($'s million)

Industry

Industrial Chem
Plastic Materials & Resins. .
Drugs & Pharmaceuticals . .
Soaps, detergents

& cleaning compounds
Cosmetics & Toilet Preparations. .
Paints & allied products .
Fertilizers

1967
Value Value

of of
Import Export

301 1,134
61 473
72 288

3 30
12 36
0.4 52

40 143

1968
Value Value

of of
Import Export

510 1,332
94 590
76 314

2 35
13 41

1.1 62
35 156

1969
Value Value

of of
Import Export

590 1 ,480
99 590
84 363

3 33
14 42
10 61

38 109

1970
Value Value

of of
Import Export

710 1,650
123 653
87 420

2 36
16 45
09 65
49 104

1971*
Value Value

of of
Import Export

795 1,666
140 655
1 1 9 396

2 36
17 48
09 66

49 115

1972*
Value Value

of of
Import Export

872 1,757
160 740
125 432

2 38
18 51
08 70

50 135

Source; U. S. Department of Commerce, U. S. Industrial Outlook, 1972.

(*Estlmates)
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EXHIBIT 12-9
Chemicals and
Allied Products

45

40

35

30

25

20

15

10

Value of Shipments
($'s billion)

Industrial
Chemicals

Plastic Materials
and Synthetics

Drugs

Paints and Allied
Products

Agricultural
Chemicals

Year 58 59 60 61 62 63 64 65 66 67 68 69

Based on data from the National Science Foundation.
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Rever sa l s ( cance l l a t i ons or
suspensions) of previous approvals
for products have occurred—some-
times in batches—characteristically
reflecting the alterations in scien-
tific understanding mentioned
a b o v e . The a b r u p t n e s s and
unexpected nature of cancellations
and product recalls appear to be
almost more perturbing to industry
than the fact of the recalls.

This, of course, adds one more
argument for an explicit and
systematic gathering of the best
available scientific information as
the basis for regulatory decisions.
Deliberate and unhurried effort at
critical interpretation of scientific
data for regulatory decisions will de-
crease the characteristic of the
unexpected and still result in the
most prudent of decisions.

The Panel did not find a compel-
ling case for monetary compensa-
tion or indemnification for regula-
tory decisions and product recalls.
Exceptions must be considered on
their particular merit. Products
recognized as safe are not forever
recognized as safe. Public attitudes
and regulatory patterns will inevi-
tably change since the scientific
understanding behind them will
change. The costs of recalls that pro-
ducers would not willingly make on
their own must be considered as a
risk along with other components of
economic risk.

The chemical industries continue
to be among the most research inten-
sive of all industries (Exhibit 12-10).
Considering only company-funded
research, the chemical industries are
far out in front with drugs clearly at
the top (Exhibit 12-11). Further-
more, the drug industry has become
increasingly reliant on its own R&D
enterprise bringing forth an increas-
ing proportion of its innovation from
within its own house. (There are a
few striking exceptions at the mo-
ment where Federal funds are direct-
ed toward the development of spe-
cific end-products such as cancer
chemotherapeutic agents and oral
contraceptives.)

There is every indication that the

degree of research intensity is in-
creasing rather than decreasing.
Compared to that of other indus-
trialized nations, the U.S. pharma-
ceutical industry spends more on
R&D than the aggregate of the indus-
try in the OECD countries combined.
Further, its R&D enterprise appears
to be more productive.

The Panel noted with some inter-
est that in spite of the increased
sophistication and degree of scien-
tific insight over the last several dec-
ades, the process of new chemical
product development (including
drugs) is still largely an empirical en-
deavor based heavily on screening.

The cost of development of
successful new chemical products
(pesticides and therapeutic drugs)
has risen in both time and money
several fold over the years. From
industry's point of view, the barrier
to entry of a new product into the
market is increased. The costs of in-
creased delay in time are perceived as
much more meaningful than are the
direct costs of performing the pre-
marketing evaluations—mainly be-
cause of the costs of servicing the
large investments made toward the
latter parts of the development proc-
ess. This increased barrier to entry
into the market place, to the extent
that it reflects a more careful and
thorough examination and under-
standing of the behavior of chemical
p roduc t s (b io log ica l e f f e c t s ,
unintended side effects, environ-
mental behavior, etc.) can be said to
be an appropriate reflection of the
public's desire to be critical about the
character of its chemical environ-
ment. Although the barrier to entry is
increased in some cases, there are
compensations as the probabilities of
displacement by competing prod-
ucts are correspondingly decreased
and the periods of commercializa-
tion should be expected to be
lengthened.

It seems clear that the lengthening
of the development process cannot
continue indefinitely and be com-
patible with innovations in new
generations of desirable products.
There is, for example, some indica-

tion (although good data are not
available) that pharmaceutical firms
may find less attractive the lengthy
development of drugs for chronic
administration (such as oral
contraceptives) and drugs for serious
but low-incidence diseases. The
Panel feels that it may be appro-
priate for the Federal Government to
encourage the development of cer-
tain products from time to time
which are recognized to be of partic-
ularly high social value and for
which the private sector does not per-
ceive sufficient incentives for its own
efforts.

Throughout its deliberations, the
Panel has been impressed that, rather
than acting as a perturbing force, the
net result of much of the Govern-
ment regulatory activity towards
new products has been to provide
reasonably systematic judgment and
arbitration among inevitably
competing interests. There is clearly
much room for improvement. Yet in
the absence of an FDA, for example,
there would seem to have been less
public confidence in outcomes and
decisions. This had led the Panel to
the conclusion that a Government
regulatory agency, if it performs
appropriately, represents in the form
of its approval or certification for
marketing, a capital asset value to
the industries petitioning to it. It is in
the industries' best interest to assure
that the best scientific information is
obtained for decisions.

The United States has consistent-
ly been a net exporter of chemical
products. It is also an exporter of
technology and research and
development but with repatriation of
profits through multinational firms.
The regulatory process does not seem
to have been a major force in this
trend. Rather it simply reflects
business opportunities and the
regulations prevailing in other na-
tions.

The Panel is persuaded that much
or all of the industrialized world is
moving towards a pattern of regula-
tion which resembles that of the U.S.
The United States leads in the R&D
for new drugs products. There is no
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EXHIBIT 12-10

FUNDS FOR R&D PERFORMANCE AS
PERCENT OF NET SALES

14

12

10

Communication
Equipment &
Electronic Components

' "*i. — Drugs

Industrial
Chemicals

I J_

Average
All Industries

Other Chemicals
(Including Agricultural
Chemicals)

Food & Kindred
Products

II
1957 '58 '59 '60 '61 '62 '63 '64 '65 '66 '67 '68 '69

Year

Based on data from the National Science Foundation.
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COMPANY FUNDS FOR R&D PERFORMANCE
AS PERCENT OF NET SALES*

r

Drugs

Communication
Equipment & Other
Electrical Components

All Chemicals

Industrial
Chemicals

Average
all Industries

Other Chemicals (Including
Agriculture Chemicals)

- Food & Kindred
Products

I I I I

1957 '58 '59 '60 '61 '62 '63 '64 '65 '66 '67 '68 '69

*NOTE: If value added to shipments is used as the denominator rather than sales, the rank order of this curve is not altered.

Based on data from the National Science Foundation.
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indication that this country lacks
important and safe new drug enti-
ties which are available abroad. The

Panel agrees with the view which
sees a worldwide slowing of new
drug development mainly as a result

of limitations of scientific under-
standing of biological actions and
disease processes.

1 Bloom, B. and Ullyat, G. E. (Eds), American
Chemical Society, Drug Discovery—Science
and Development in a Changing Society. Ad-
vances in Chemistry Series #108. American
Chemical Society, Washington, D.C., 1971.

2 Dow Chemical Company, Information
supplied to the Panel by Dow, December 16,
1970.

3 Djerassi, C., Prognosis for the Development
of New Chemical Birth-Control Agents. Science,
166:468-473, 1969.

4 Data presented to the Panel by one manufac-
turer.
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CHAPTER 13

REGULATORY PRACTICES AND ISSUES*

1. INTRODUCTION

A. Freedom versus
restrained safety

Our governments continue to play
an ever increasing role in our lives;
undoubtedly they will play an even
larger role in the future. We dare not
either encourage this expansion to be
as rapid as possible or demand that it
come to a halt. We urgently need to
understand the conflicting values
that must be balanced in arranging
for expansion to be at a well-chosen
rate and in well-chosen directions.

In general, the growth of govern-
ment responsibility responds to [1]
our living closer and closer to each
other, (2) the division of labor and
function into smaller and smaller
pieces, and (3) the increasing geo-
graphical spread from which each of
us draws materials and products. To
these three we must add the ever-
growing complexity of our society,
where no one of us can understand
the details—or even the main con-
siderations—of all the diverse
actions that interlink and interact.
No one individual holds enough
knowldge to make all the decisions
that affect his actions. Some must be
made by others who have gained the
relevant understanding.

Today, in the area of chemicals and
health, other factors are effective in
increasing the role of our govern-
ments. The expansion of scientific
and technical knowledge—more
particularly our skill and sophis-
tication in the use of various ways of
gathering knowledge—has made us
able to detect the presence or absence
of very tiny traces of many sub-
stances. Traces that would have been
wholly undetectable not long ago, are
now not only detectable but measur-
able. The same is coming to be the

case with the detection of subtle
effects in humans, other mammals,
and plants. This new knowledge does
not, of course, change the risks to
which each individual American is
subject. It makes it possible,
however, to be aware of and
concerned about dangers that could
not have been imagined just a few
years ago.

We need to separate four classes of
situations quite clearly:

• Situations where alternative
suppliers offer the consumer very
different quality or very different
safety.

• Situations where all sources of
supply provide an equivalent
product whose dangers have been
more or less widely understood for a
long time.

• Situations where all sources of
supply provide an equivalent
product whose dangers have only
recently been confirmed.

• Situations where all sources of
supply provide an equivalent
product whose safety is open to some
question, but where there is no estab-
lished danger.

Examples of these four, according
to recent newspapers and recent acts
of Congress, would include (1) deter-
gents, (2) automobiles, (3) cigarettes,
(4) various subjects of current news-
paper headlines.

The case for using inspection and
seizure to attack isolated cases of
either clear or probable threats to
safety is strong; such actions are, as
they deserve to be, b road ly
supported. The second class of situ-
ations is treated rather differently.
Seat belts have now been mandated
in new cars for some time. This could
be regarded as forcing suppliers up to

an equal level of quality. In several
Australian states, the use of seat
belts is now mandatory. So far, this
still seems unlikely in the United
States, perhaps because, for many
people, such a requirement would
destroy the carefree .enjoyment of
"taking a ride." Cigarette packages
must bear warnings, but a serious
attempt to forbid cigarette smoking
does not seem to be in sight.

The recent decision about sword-
fish follows a quite different line. The
position taken was not that some
swordfish contain more mercury
than others (though this is doubtless
true), but only that all swordfish con-
tain—as has presumably been the
case all along—more mercury than is
deemed safe. The contrast with
cigarettes (and alcohol), where
evidence supports a presumption of
contribution to many deaths, is
striking. Cigarettes, which the
Surgeon General and the Congress
are convinced have health-impairing
effects on many people are left on
sale. Swordfish, where there is no
clear evidence of individual ill
effects, are taken off the market.

In addition, the area of chemicals
and health faces a horror of the
"unnatural" that has been growing
for decades. If cigarettes were
synthesized in a chemical factory, it
is not clear that they would still be on
the marke t . Because tobacco
grows—as do poisonous plants—it is
somehow thought to be the nicer for
this, the fact that botulinus toxin is
far more poisonous than cyanide or
any humanly synthesized chemical
notwithstanding.

* The Panel, during its deliberations, arrived
at a number of findings which are underlined in
this chapter. In some cases these led to the
formal recommendations which are presented
in Chapters 2 and 3.
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B. Where do we
draw the lines?

When do the interests of protecting
the public from some danger
outweigh the public's interests in its
members' freedom to use, eat, or
drink some product? How are we to
make the more difficult judgments,
balancing an uncertain risk against
the freedom to use and enjoy? We
cannot find in today's practices a set
of consistent answers.

The balancing of safety with
freedom would be easier if the
freedoms were all minor. The conse-
quences of over-restricting freedom
might then be small enough to be
taken in stride. But the freedoms in
question are not all minor, either
cumulatively or individually, as this
country's experience with pro-
hibition testifies clearly and
vigorously. Today much of what we
do depends upon chemicals that are
relatively new. Growing our food
without pesticides would surely be
very much more expensive in the
1970's. Operating modern auto-
mobiles without modern gasolines,
many of whose constituents, not
found in crude oil, are the results of
pyrolysis and synthesis, would be
impossible. We would, on the
average, be more diseased, and die
somewhat sooner, were it not for a
broad variety of prescription drugs.
Our foods would be much less satis-
factory in taste without some addi-
tives, in appearance without others,
and in keeping quality without a
third set. Our electric devices depend
critically on other chemicals, as do
our paints and building materials.

What principles ought to govern
our balancing of safety and free-
dom? No simple set of principles will
guide all the many detailed decisions,
but those principles on which we can
agree can do much to make our
decisions more consistent with one
another and more satisfactory.

The following principles seem
useful:

1. When a risk is an inevitable
consequence of exercising a freedom,

we must balance human freedom
against human risk.

2. The more the risk is confined
to those that exercise the freedom,
the more willing we are to bear the
risk. Risks to the same individuals
who make use of the freedoms are
less a governmental concern than
risks to other individuals.

3. We must prepare for the
consequences of steady improve-
ment in scientific knowledge and
measurement technique—we will
inevitably learn of more and more
risks, many of them quite minor, as
this improvement continues. We
must become used to living with the
knowledge of many small risks, just
as we live with the risks of being
struck by lightning, meteorites, or
golf-ball sized hailstones.

4. We must understand, and act
upon, the distinctions between the
possibility of a risk, an established
risk that is so small as to be judged
negligible, and a small meaningful
risk.

5. Larger risks are more likely to
be the concern of government,
especially when the freedoms
involved are not especially dear to
the individuals,

6. The more dearly held the
freedom, the less wise for the govern-
ment to try to eliminate it by regu-
lation rather than by persuasion.

C. Balanced judgments

We have just discussed balancing
risks and freedoms, giving some
general principles that may help us to
be more consistent but not pre-
scribing exactly what choices ought
to be made. At first thought, this
balancing may seem unduly difficult,
especially to those who wish to
weigh everything in monetary terms.

Monetary systems and market
mechanisms have been great social
inventions, whose advantages—so
easy to forget or neglect—far
outweigh their disadvantages—all
too often so obtrusive and unfor-
tunate. But it would be very wrong to

forget that they possess advantages
only because they do rather well in
approximating what we all, on other
g r o u n d s , f i n d des i r ab le or
acceptable. The basic issues of
chemicals and health are human
issues; incidentally, though often
significantly, they are economic.

Rather than trying hard to convert
the human issues into economic ones,
we should seek balanced judgments
about chemicals and health by going
the other way. To say that cutting out
some food additives would raise the
costs of food through increased
spoilage and requirements for more
expensive handling and packaging is
true, but it is more meaningful to say
that such an action would take away
from many people some of their free-
dom to consume such foods.

Even after we have gone as far as
our understanding will take us in
converting benefits to freedoms,
these freedoms will be but some of
the benef i t s associated wi th
whatever risks we face from natural
or synthetic chemicals.

D. Information is
often vital

We cannot ask an individual to
balance a risk he does not under-
stand against a clear and visible
freedom. From this point of view, the
warning on the cigarette package is
an essential if each of us is to retain
the freedom to smoke.

How little—or much—information
is needed to clear our consciences as
citizens and voters? How little—or
much—is needed to clear the con-
sciences of our elected repre-
sentatives and those government
officials responsible for protecting
our health? How little—or much—to
clear the consciences of phys-
iologists and medical workers
directly concerned with a particular
hazard?

Clearly the answer depends more
on how much we know—and how
much we can reasonably infer—than
on what some find it possible to fear.
Clearly we cannot expect everyone
who thinks of smoking a cigarette to
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acquire all available information
about the effects of smoking. The
present warning is part of a spectrum
of social choice, ranging from pro-
hibition, through varying degrees of
regulation, then through intensities
of information, to a wholly laissez
faire position. In the case of
cigarettes we have clearly entered
upon the middle way of spreading
information, a way between the
extremes of forbidding on the one
hand and no discouragement on the
other.

This is not a course with which we
have decades or centuries of broad
experience. Indeed it is only
relatively recently that the general
public has been well enough
educated for information to seem to
be a realistic means of responding to
hazards. Yet it is an alternative that
we shall have to understand and use
effectively, since it offers real advan-
tages by allowing each individual to
balance risk and benefit, thus pre-
serving his freedom of choice, which
inevitably includes his freedom to
make the risky choice. Individuals
are different, and can often make
good use of freedom to make different
choices.

2. RIGIDITY OF
REGULATORY TOOLS
VERSUS THE SHADES
OF GRAY DEMANDED

BY SCIENCE

Regulatory laws for such items as
drugs and pesticides are legislative
and political responses to limit and
control these products in ways to
serve the best public interest. Where
they deal with scientific issues they
necessarily reflect the state of knowl-
edge at the time of their writing. As
the applicable sciences evolve, not
uncommonly new insight and knowl-
edge bring into question the original
concepts which formed the basis of
the statutory regulation. The statute
then appears more rigid than would
be desirable in the light of this new
information.

The concept of zero tolerance (zero

amount of pesticide residue tolerated
on food crops) which had been
central to a previous regulatory
scheme, was shown to be untenable
as analytic techniques improved.
What had been thought of as zero or
non-detectable levels of a chemical
became finite recognizable levels.

Another view of this subject would
suggest that it is because of a lack of
scientific information that the legis-
lative process develops rigid regu-
latory authorities. The most familiar
example, perhaps, is the amendment
of the Food, Drug and Cosmetic Act
which directs the banning of a food
additive if it has been shown ". . . to
cause cancer in man or experimental
animals."

It can be argued that as additional
understanding accumulates as to the
biological mechanisms underlying
neoplastic disease, and as one
obtains more detailed information on
how chemicals interact with biolog-
ical tissue, the Delaney Clause may
well be modified.

This report has stressed on several
occasions the likelihood that scien-
tific research will raise new and un-
expected questions about former
decisions and regulatory choices.
This new science—old decision
question is a major perturbing factor
in what otherwise might be a
reasonably stable system. In many
cases, the information which may be
p£.tinterest to regulatory decision-
makers comes from recent experi-
ments and, hence, is often not con-
firmed or thoroughly understood.
The challenge in such cases is to
exercise reasonable prudence in
regulatory action so as to afford
responsible protection of health and
yet not to act capriciously.

The ach ievemen t of these
combined goals would often be best
accommodated by a temporary
restriction on the use or distribution
6f the material in question while the
newly generated scientific results are
confirmed, extended and their
significance evaluated. This concept
was noted by a previous PSAC Panel
in the case of pesticides. That Panel
recommended that, ".. , a mechanism

should be established for restricting
the use of a registered pesticide
temporarily on the basis of infor-
m a t i o n which impl ica tes the
chemical as a possible health hazard
pending the collection of more
definitive information."1 That report
noted that a pesticide registration
could be held in obeyance only
through the actions of cancellation or
suspension. Both of these were
viewed as definitive and serious
actions. There was no corre-
sponding avenue for temporary with-
drawal.

New scientific findings will
frequently make it evident that the
Government should change its mind
from time to time on past regulatory
decisions. The regulatory laws
should permit responsible flexi-
bility to allow prior decisions to be
changed. For example, the present
version of the amendments to the
Federal Insecticide, Fungicide, and
Rodenticide Act would permit
reclassifying a pesticide from a
category of general use to one of
restricted or controlled use.

Regulatory Jaws dealing with
chemicals and human health should
be a m e n d e d to a c c o m m o d a t e
explicitly temporary limitations on
manufacture, sale or use on the basis
of information which implicates the
chemical as a possible health hazard
pending the collection of more defini-
tive information.

Elsewhere in this report (Chapter
11) the Panel took note of the widely
scattered Federal programs of
environmental health research, and
recommended a strong and per-
manent mechanism of coordination.
The finding above, urging flexibility
in the regulatory laws to accom-
modate the acquisition and review of
additional scientific data, should be
considered in association with the
previous finding concerning coordi-
nation. This represents the very type
of contingency to which reference
was made earlier and for which
accommodation was felt needed.

Whenever a temporary restriction
is invoked on the manufacture or use
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of a chemical agent for reasons of
implied hazard to human health, full
use should be made of the high-ievel
coordinating body mentioned in
Chapter 11 to review the research
underway and to make the best use of
the Federal research resources.

3. PROS AND CONS
OF ADDITIONAL CRITERIA

FOR INTRODUCTION
OF MATERIALS

Regulatory laws dealing with
chemical and physical products
(pesticides, foodstuffs , radio-
isotopes, etc.) treat the producers of
the commodities as types of public
utilities and the commodities as
having a public utilitarian function.
Implicit in each case is a specific
benefit or utility which might be
expected from the use of the product.
Pharmaceutical products treat
disease and promote individual well-
being. Insecticides reduce numbers
of insects and increase productivity
of other investments in the agri-
cultural enterprise. Authority to
regulate reflects certain items which,
it is thought, might detract or add to
the utili tarian function of the
products (safety, human health,
purity, etc.). The rigidity with which
criteria are imposed as obligations on
a manufacturer before permitting
him to market a product is a function
of how important these utilitarian
functions seem.

Historically, in the case of
regulated chemical materials, purity
or absence of adulteration is the item
on which a regulatory law seeks
assurance first. In the evolution of
pesticide and food and drug laws,
purity of these materials was the
original preoccupation. Usually
later, purity was joined by assurance
of suitable analytic techniques,
reasonable freedom from side effects,
and safety.

In addi t ion to the simple
enumeration of criteria, there arises
also the matter of the degree to which
each criterion is applied. The subject
of human health and safety is

illustrative. The evolution of
scientific understanding of the
biological effects of exogenous
chemicals and of the mechanisms of
various disease processes led to an
increasing scope and complexity of
questions asked about pesticidal
chemicals and their effects on human
health. These same comments about
the relative importance of criteria
can be applied to others as well.

Reduction of Diversity?

It is sometimes held that one
purpose of registration or approval is
to reduce the diversity of chemicals
to which humans and the environ-
ment are exposed. Those who hold
this view tend to ask that additional
criteria be used in registration,
mainly to reduce diversity. There
seems to be no valid basis for this
position. Our knowledge back-
ground and our study techniques
always improve, faster or slower. As
a result, our testing of new chemical
entities becomes more and more
searching and insightful.

Testing, both in animals and in
humans, has one set of limitations;
studying experience with human
exposures to a chemical has another
set. When all considerations are
brought together, it is our judgment
that under our present schemes of
regulation for safety, it is reasonable
to anticipate that the new will be at
least as safe as the old.

Three general arguments speak out
for encouraging the development and
use of alternative substances. First
and foremost, the development and
use of two or more substances make
it easier to take vigorous action when
one becomes suspect or is known to
have even a very small risk, since
action implies only shifting to the
other substances, without giving up
the benefit. Second, and often very
important, both people and situ-
ations differ in many ways, and the
substance that is more effective or
lower in undes?red effects often
differs from one to another. People do
vary in responsiveness to drugs.
There are several examples avail-

able showing that one member of a
class of drugs is useful for some
patients while another is required to
achieve the same result in other
patients being treated for the same
condition. This argues in favor of
some degree of diversity. Third, there
are well-known cases—as with some
of the early sulfa drugs—where
exposure to mixtures leads to smaller
side effects than exposures to equiv-
alent amounts of either substance
alone. In general, then, we are better
off to have several substances
discovered, developed, checked for
safety, and in use for a given purpose
than to have only one.

Betterment

The additional criterion most often
called for is betterment. For example,
it has been suggested that a new
pesticide should not be registered
unless it has been demonstrated to
have desired characteristics not now
possesed by other materials on the
market. A further evolution is to
allow new and demonstrably better
products to displace (by regulation)
older and less desirable substances.
The practice in the United Kingdom
is to oblige users of food additives to
demonstrate in a test situation that a
proposed food addit ive has
advantages over existing sub-
stances.

Betterment is not a criterion for
regulatory consideration at the
present time for any of the regulated
chemical substances. Thus, for the
most closely regulated of the items,
prescription drugs, the Food and
Drug Administration approves
effective drugs—not better drugs.
Since the use of betterment as a
criterion would both reduce diversity
and tend to keep up prices, its effects
would be unfavorable.

Improvement or betterment in
intended effects over substances
already known is NOT a desirable
basis for regulation.

Efficacy

Proposals to extend requirements
of efficacy beyond the classes of
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use—human and animal medicines,
pesticides—where it is now required
are often supported either by the sort
of argument that has just been
discussed for betterment or by an
argument that unless we require
efficacy data with registration
petitions we will never get around to
learning about it. If this position is
not just a concealed version of the
former—or an argument that efficacy
needs measurement to protect the
consumer's pocketbook, one that
applies equally to many things other
than chemicals—then it is hard to see
exactly how it is to be supported.

In those areas where efficacy is a
subjective matter—for instance, food
additives used for flavor or appear-
ance—the difficulties with efficacy
measurement make requirements for
efficacy testing especially counter-
productive.

Regulations for the purpose of
health and safety should not call for
establishment of efficacy outside the
classes of use—human and animal
medicines and pesticides—where it
is now required.

4. STAGED INTRODUCTION
OF CHEMICALS

When marketing should begin, and
when manufacturer's surveillance
should stop raises difficult prob-
lems. If something is to come into
close contact with very many people,
is there virtue in staged or phased
introduction? Where along this line
should marketing begin? Should we
do more in the way of "geo-
graphically" limited trial, and open
marketing earlier? Should other
substances receive the intensive
pos t -marke t i ng su rve i l l ance
required of some prescription drugs?

In the abstract, there appears to be
merit in a system which permits
phased or gradual introduction of
new products accompanied by a
system of surveillance for un-
expected adverse side-effects.

The ideal safety test progresses
sequentially from crude estimates of

effect in small groups of laboratory
animals to more and more refined
questions on larger and larger groups
of animals and finally to man. This
last step should obviously only be
taken when considerable confidence
in the laboratory data has been
secured, and then the move should be
made cautiously and first on a small
number of persons.

This staged progression in human
exposure is a well established tra-
dition with drugs but has had limited
application in respect to consumer
chemicals.

Starting with the premise that the
degree of assurance of safety
required should be tempered by
consideration of the benefit sought,
two practical issues arise. These are
very different philosophically and
relate in varying ways to different
chemical uses: 1] costs, i.e., the
necessity of keeping the cost of
testing commensurate with the social
benefit (and in some instances
market value) of the chemical, and 2)
the scientific and ethical problems of
progressing through stages of
expanded human trials.

A. Costs

Although there are no circum-
stances in which a chemical should
be re leased for uses where
reasonably anticipatable hazards
have not been eliminated, there
always remain elements of uncer-
tainty. To carry out very elaborate
investigations of all chemicals is an
impracticality, not only because of
cost, but simply because of a built in
lack of attainable testing resources.
Accordingly, a selection must be
made as to what chemicals should be
studied and to what extent.

The considerations entering into
such choices must include those of
extent of use, number and age of
persons exposed, reversibility or
irreversibility of effects suspected
and other considerations.

There are sometimes sound
arguments for moving into controlled
and limited human usage without
having run through the complete

range of laboratory studies. In such
instances it will be appropriate to
continue and extend the laboratory
studies as the human use expands.

One might consider as one guide
(but only one, and not always the pre-
dominant one] that as sales increase,
further tests in the laboratory and
additional human surveillance might
both progress in parallel pace. This
could be done by imposing a tax on
sales or by requiring that a certain
fraction of sales income be applied to
further studies along lines defined by
the regulatory agency.

B. Scientific and Ethical
Factors in Human Studies

A staged approach is a well
established practice in testing for
drug safety. Normally after labora-
tory studies on animals, careful
clinical trials, first on a few patients
and later on larger and larger groups,
are undertaken. With drugs, at least
in the very early stages, the
physician responsible for the clinical
studies systematically undertakes
the follow-up of the patient to deter-
mine whether side effects do or do not
occur. However, as the drug passes
into a later stage of extended distri-
bution, the same careful controls are
not necessarily available. When the
drug reaches general availability to
the medical profession the present
pattern for reporting adverse side
effects is, as is noted elsewhere in
this report, very poor, and adverse
drug reactions are very inefficiently
reported.

It seems probable that the safety
evaluation of drugs could be
improved by more systematic use of
the technique of limited intro-
duction at the later stages of drug
introduction. Thus, one could
consider the utility of moving in the
later stages of drug trial to limited
introduction based on such restric-
tions as to hospitals only, or to
teaching hospitals only. Other
approaches might involve distri-
bution to physicians certified for
relevant specialties or distributions
based on a well established "medical
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group" system, e.g., Kaiser Perma-
nent Hospital Insurance Plan. This
would not alter the philosophy
currently operative, but would intro-
duce additional graded steps in the
path toward general distribution. In
all such trials, "informed consent" of
the patient is now required in this
country.

Clearly one can justify human
trials on substances such as drugs
which may confer substantial
benefits on the test subjects, and
where the understanding and
consent of the subject are obtained.
But whenever the possibility of sig-
nificant benefit to the test subject is
low, or difficult to determine then the
only basis for human testing is the
use of volunteers who, for any suffi-
cient reasons, accept whatever small
risks there may be in a carefully
monitored test in order to be of
service to society.

With substances other than
medicines, the risks in actual use
should be so low and infrequently
encountered as to render them very
difficult to detect. To provide reason-
able assurance of detection would
require large groups of many
thousands and detailed sur-
veillance, two mutually contra-
dictory requirements. And, as we
have just observed, there is no ethical
basis for asking anyone to take part
in a test and assume a risk greater
than a minimal and irreducible one, if
the possibility of more than
offsetting personal benefit is absent,
except as a fully informed volunteer,
and with the protection of careful
monitoring to assure timely inter-
vention in the event of any ill effects.
And such close and detailed monitor-
ing cannot practically be provided on
the massive scale required even if the
volunteers could be recruited.

On the other hand, a relatively
small number of volunteer human
subjects can be of irreplaceable value
in establishing the metabolism of a
substance, and the relevance of
previous or future animal studies.
Such small-scale studies often are
practical, and their wider use should
be encouraged.

1. The use of human subjects for
the detection of adverse effects
should be restricted to those tests
which (aj can be closely monitored
and (b) where the risks are either
trivia] and transient, or involve sub-
stances, usually medicines, where
the possibility of personal benefit is
judged to exceed the probable risk.

2. Large-scale testing of the sort
implied in staged introductions is not
ordinarily defensible for substances
other than medicines because the
p o s s i b i l i t y of b e n e f i t is not
sufficiently clear, personal, informed
consent is Jess likely, and adequate
monitoring is virtually impossible.

Because we do not propose inten-
tionally to test by a staged intro-
duction a substance such as a food
additive or a detergent component
does not mean we should go to the
other extreme of ignoring or failing to
observe whatever consequences can
be detected.

C. Population Studies

Population studies aimed at a
general surveillance for possible
adverse effects of chemicals in
general (as opposed to limited
studies focused at specific chemicals
as suggested above) are currently
minimal, and indeed are very diffi-
cult. The difficulty relates largely to
the frequent inability to correlate
observed disorders with specific
exposures. A person encounters
almost an infinity of stresses in a life-
time; the reliable association of a
specific exposure with a specific
effect in the general population is
thus always difficult and sometimes
impossible.

There are techniques for selecting
groups on the basis of more intense
exposure than the general popu-
lation: use of occupational groups,
selection of the basis of dietary
habits (heavy fish consumers, groups
showing evidence of heavy exposure
from tissue analysis as for example
mercury, arsenic, body fat content of
chlorinated hydrocarbons) and so on.
These have been very inadequately

used and should be systematically
extended.

There remains the need for
national alert and surveillance
systems to detect a possible pertur-
bation of national disease patterns
arising from chemicals. There appear
to be practical ways of doing this in
l imi t ed f i e l d s . For e x a m p l e ,
suggestions have made for develop-
ing national alert systems for tera-
tologic disorders and mutagenic
defects.8

Surveillance of prescription drug
experience including the monitoring
of adverse reactions deserves to be
vigorously pursued. In practicality,
there are great difficulties attendant
on the systematic surveillance of
human use of most chemical prod-
ucts other than prescription drugs
and a general policy of staged intro-
duction does not appear to be
warranted.

5. ISSUES RELATED TO
HUMAN TESTING

The principal issue raised here is
that of timing. For those chemical
substances where purposeful human
exposure is to be expected and where
humans are used in evaluation and
testing before marketing, when in the
course of evaluation should human
testing begin? How much pre-
liminary information should one
have in hand before initiating human
studies?

By definition this discussion is
almost exclusively concerned with
therapeutic drugs. Chemicals used to
secure some desired effect in man, the
prophylactic and therapeutic drugs
being prime examples, and chemicals
used as pesticides, food additives,
and household products, present
fundamental ly dif ferent testing
problems,

A pesticide designed to control an
insect, or a food additive designed to
maintain the texture of bread, can be
thoroughly tried for effectiveness
without exposing humans in any
degree. However, most of the infor-
mation on effectiveness of a drug
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must be gathered from experience in
humans. Clinical trials in both
normal humans and in patients are
heavily used to gather data on
mechanisms of action, absorption,
metabolism and toxicity in the case
of drugs. In some instances, where
appropriate animal models of a
disease are available for study, some
confidence with respect to the safety
and efficacy of a new drug may be
gained through experimentation on
animals. Unfortunately, reliable
animal models of human diseases are
by no means generally achievable,
and thus, except in rare instances, it
is impossible to screen new drugs
reliably for eff icacy without
administration to humans. Further,
for drugs used specifically for human
exposure it is clearly necessary to
engage in investigations on human
subjects in order to achieve a full and
adequate understanding of absorp-
tion, metabolism, excretion, and
other elements of biological activity
which contribute to toxicity and side
effects as well as intended action.

The present rules for evaluation of
new drug candidates derive from
amendments to the Food, Drug and
Cosmetic Act published after 1962.
These direct the sponsor of a poten-
tial drug to supply the Food and Drug
Administration with the results of a
number of investigations according
to a fixed sequence. A new drug
developer petitions the FDA for
permission to examine a chemical
entity in humans as an experimental
or investigational drug. In his
petition, he is obliged to supply
". . . adequate information about the
preclinical investigations, including
studies made on laboratory animals,
on the basis of which the sponsor has
concluded that it is reasonably safe
to initiate clinical investigations of
the drug."2 The regulations then pro-
ceed to outline the stages of investi-
gation of the drug as an inves-
tigational entity. This schedule of
investigation is divided into three
phases. Phase 1 begins with the
introduction of the drug into man
(normal human subjects) and is used
to gather data on human toxicity,

metabolism, absorption, elimi-
nation, other pharmacologic action,
preferred route of administration,
and safe dosage range. Phase 2 is a
period of initial trials on a limited
number of patients, The first two
phases may overlap and additional
animal data may be called before
Phase 3. Phase 3 represents a full-
scale but controlled clinical trial in
patients.

The economic pressure to proceed
as rapidly as possible to human trials
is very strong in the case of drugs.
The conduct of elaborate toxicity
testing on candidate drugs prior to
human trials for efficacy would
customarily involve the costly safety
testing of many compounds which
would eventually be discarded as not
effective. More importantly, it would
also lead to a considerable loss of
time which in some cases could lead
to delay in the introduction of an
effective drug with a consequent
possibility of permitting avoidable
human suffering.

There seems to be no single easy
resolution to this dilemma. The range
of considerations varies greatly
depending on circumstances. Much
less animal toxicity is required for a
chemotherapeutic agent for a
normally fatal malignancy, than for
an antihistaminic analgesic or tran-
q u i l i z e r which a re used fo r
relatively mild conditions. In the
former instance, one could move on to
human trials while some measure of
uncertainty as to safety is still
present. In the latter instance, there
would seem to be no defensible
reason for not undertaking a
meticulous preexamination aimed at
assuring that chronic irreversible
lesions such as cancer are very
unlikely to occur before proceeding
to the exposure of a significant
number of humans.

Again, there is a distinction in the
kinds of safety tests to be used. Those
tests aimed at acute and reversible
functional effects, on the one hand,
can often be realistically studied in
aninjals and, on the other, where one
is concerned only with reversible

functional side effects , human
testing is practicable. It is in respect
to chronic effects, such as cancer,
that major difficulties arise. These
tests are lengthy, normally requiring
a large part of the life span of an
animal, e.g., two years in the case of
rodents, seven to ten years in the case
of dogs, and similar periods in the
case of primates.

Increased concern has developed
about the carcinogenic risk of new
drugs in man. A requirement that all
new drugs be evaluated for their
carcinogenic potential before human
testing would have a serious impact
on the development of new drugs. As
has been pointed out, the need for
initial efficacy studies in man is
obvious in view of the inadequacy of
animal models for disease and of the
frequently encountered species
differences in drug response. Inter-
ruption of drug investigation for two
to three years, which would be
needed for carrying out carcinogenic
testing in rodents, would seriously
impede the validation in man of
pharmaceutical data obtained in
animals with new chemicals. How-
ever, there are enough examples of
chemicals known to be carcinogenic
for both humans and laboratory
animals that one cannot disregard a
positive laboratory animal test for
cancer. A number of scientific groups
are studying this problem in an
attempt to formulate a way of
performing drug testing without
placing human subjects at risk but
still allowing drug development to
proceed.

It is clear as a minimum that drugs
cannot be dealt with in a single cate-
gory, as is sometimes the tendency.
Decisions as to the amount of safety
testing needed must be judged in the
light of the benefit sought and, as
well, in the number of persons likely
to be exposed. These are matters
about which general and categorical
statements cannot be made, but
which in the last analysis must be
decided on an ad hoc basis, judging
the issue in the light of good scien-
tific information and prudence
keeping in mind both the qualitative
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and quantitative consequences of a
wrong guess.

When should animal studies for
new drugs give way to controlled
evaluation in humans is a question
that demands an understanding of
the potential benefit to be derived
from the drug in each case and its
probable biological behavior.*

6. PROPRIETARY NATURE OF
SCIENTIFIC INFORMATION

Much of the scientific infor-
mation, including that on toxi-
cology, which is submitted to FDA
and EPA by industry has been
considered proprietary. This infor-
mation has not been generally avail-
able to the scientific community and
the general public. The proprietary
nature of toxicological information is
a stumbling block to improving the
quality and usefulness of safety
investigations. Failure to share this
biological information in the past has
prevented scrutiny of it by much of
the scientific community—a matter
recognized by a previous PSAC
Panel.3 In the interim since that
PSAC Panel report, the Government
agency responsible for the regis-
tration of pesticides (now the
Environmental Protection Agency)
has moved to make available to the
toxicological data for those pesti-
cides whose registration appli-
cations were approved. The National
Library of Medicine has proceeded to
assemble these data systematically
and in a form useful to scientific
investigators. Similarly, the Food
and Drug Administrat ion has
recently proposed to make available
to the public most of the scientific
data collected by that agency and for-
merly held as proprietary.4 The Panel
finds this a highly desirable trend.
With passage of some form of a Toxic
Substances Control Act, the Environ-

* The Panel is pleased to note that the Food
and Drug Administration has moved to expedite
the review of drugs with very high expected
benefits while insisting on exhaustive exami-
nation of other classes.

mental Protection Agency will again
be faced with decisions on the release
of large amounts of scientific infor-
mation provided to it by the indus-
tries it regulates.

We have tried to encourage
pluralism among our options by
trying to support R&D, both through
our patent system and through pro-
tection of proprietary information,
and to encourage pluralism among
our producers by antitrust regu-
lations. As a result we have accepted,
as part of the necessary costs, the
costs of parallel research and
development. As we continue with
this policy, we need to be careful
about extending it to situations
where loose analogy suggests that it
fits, but careful study shows its
effects are not what we want.

Information about the safety of
chemical-use combinations, whether
toxicological or environmental, is of
great public importance. Obtaining
the same information several times is
wasteful of money and of scarce
resources in skilled people and
special laboratories. Not allowing
the academic research community
access to the detailed results of
safety testing can do much to slow
our progress in the understanding of
the presence or absence of unfor-
tunate effects of chemicals on people,
domestic animals, domestic plants,
and the environment at large.

When clearance for marketing a
chemical-use combination is applied
for, significant amounts of safety-
testing data will be required as part
of the application. Once the appli-
cation is either approved or finally
rejected, this information should
become part of the public record.

The release of safety-test data to
the public record, and thereby to
competitors, deserves to be excluded
from the provisions of all antitrust
controls. While it may promote
competition, keeping knowledge of
safety information secret cannot help
society.

There is no overriding reason for
maintaining the privacy of toxi-
c o J o g i c a l i n f o r m a t i o n f o r

products—both for successful and
unsuccessful developments. In the
case of petitions for permission to
market which are approved, the
background scientific information
should be made available without
further encumbrance. For petitions
which are rejected, the background
data have economic value and may
represent a sizable investment on the
part of the developer. Such toxi-
cological informat ion should,
however, be made available after a
fixed delay such as two years from
time of the rejection of a petition for
registration.

7. REGULATORY DECISION-
MAKING

IN BEHALF OF
CHEMICAL AGENTS

It has been the clear intent of
Congress over the past several years
to set apart the protective functions
of regulatory agencies from those
aspects which most would consider
relate to promotion. Thus, the Food
and Drug Administration was estab-
lished and its jurisdiction grew in
incremental steps over foods, drugs,
cosmetics, and consumer products.
Interestingly, the increments
typically reflected a crisis atmos-
phere of a discovered toxic contam-
inant in a drug or a hazardous food
additive. The spirit behind each
successive amendment of the Food,
Drug, and Cosmetic Act was the
separation of this protective function
of the government from all others.
The more recent evolution of the
Environmental Protection Agency is
illustrative of the same philosophy of
separation of protection from pro-
motion.

The separate administration of
protective regulations, as brought
about with the creation of the FDA
and EPA, and has been the clear
Congressional intent over the past
several years, is in the national
i n t e r e s t . At the same t ime ,
appropriate regulatory decisions in
the best national interest must
include a balancing of a broad series
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of considerations and issues. It is
clear that, in the past, this has been
difficult to achieve in the face of the
narrow constituency of regulatory
agencies. Ways should be explored
for deriving balanced judgments and
decisions while preserving the
integrity and separation of pro-
tective function agencies.

The present pattern, then, is for
Congress to delegate to an adminis-
trative agency (personified by its
chief administrator) the dual respon-
sibility of assessing the seriousness
of danger and the determination of
the detailed actions needed to
respond to it.* There is evident virtue
in effecting this separation of pro-
tective functions. The legislative
history of the laws which give the
FDA and the EPA its jurisdiction
clearly reflect a Congressional
awareness of this problem: an agency
should not be or even appear to be a
captive of the very groups it is
supposed to regulate. The sepa-
ration of the protective functions
means, in essence, that the pro-
tective agency has a constituency of
its own which generally feels more
strongly and often more emotionally
about the needs for stopping certain
actions or trends. It is to this con-
stituency that the protective agencies
look for support.

Regulatory agencies including
those which focus on the protection
of human health, must attempt to
arrive at balanced decisions. As was
pointed out in the section on risks
and benefits, it is impossible to
achieve a perfect solution to all of the
va r ious cons ide r a t i ons when
reaching a regulatory decision of the
sort being considered here. Rather,

* The various laws under which FDA and
EPA have jurisdiction represent a wide
spectrum of degrees of discretion. At one
extreme, for example, Congress has written into
the law governing air pollution standards the
levels of exhaust emission which the adminis-
trator shall permit. In this case he has
essentially no discretion. In other cases, the
administrator is afforded discretion as to both
levels of contamination and 'time of imposition
of standards or rules.

the process is inevitably one of a
reconciliation of a number of
desires—often seemingly in conflict
with one another—but with a pri-
mary criterion of human safety or
health or environmental integrity.
Balancing should be performed
among the several kinds of consider-
ations which are inevitably raised
wi th eve ry m a j o r r e g u l a t o r y
decision. The setting of national
standards for ambient air quality
must balance the health of our more
susceptible fellow citizens against
the costs of rearranging the trans-
portation habits of many of our
largest metropolitan areas. The
demand for the control of a polluting
effluent by way of a standard must
necessarily be accompanied by a
corresponding technology capable of
achieving control. Regulatory
decisions made in the name of human
health which implicate large expend-
itures (and many do) should be
accompanied by an analysis of such a
question as, "Can the implied
expenditure purchase even greater
health if spent in a different way?"

In this connection, the panel notes
with approval the recent tendency of
appellate courts, when dealing with
statutes designed to protect human
health and environmental integrity,
to stress the legitimacy and wisdom
of a broad balancing of the competing
considerations by each agency
empowered to take regulatory action.
In the pesticide area, for example,
although the underlying statutory
mandate might have been inter-
preted more narrowly, the United
States Court of Appeals for the
District of Columbia held in 1971 that
the ultimate decision to cancel a
pesticide's registration should not
"turn on a scientific assessment of
the hazard alone" but should, in light
of the legislative history, reflect an
effort by the responsible agency "to
balance the benefits of a pesticide
against its risks."6 We look forward
to extension of this attitude.

Finally, there should be, in the
balancing process, a systematic
consideration of the effect of each
regulatory decision on other govern-

ment programs and policies. Regula-
tory decisions of any consequence
(such as the banning of a heavily
used product, the proposal of a stand-
ard for exposure to an environ-
mental contaminant or for the use of a
drug) invariably impinge on other
government business. (Obviously, in
some circumstances, it is the pro-
tective regulatory purpose to achieve
this very end.) It appears clearly
desirable that the architects of pro-
tective agency decisions be fully
aware of the consequences of their
intended actions for the rest of the
government's business.

The panel, therefore, is deeply
concerned with the necessity of
deriving balanced regulatory
decisions aimed at preservation of
human health and safety in a setting
where the regulatory agency's
constituency was comprised of some-
what narrower interests. There were
other considerations also. One is the
credibility of the decisions. Credi-
bility, by its nature, resides in the
eyes of the beholder. It is essential
that all of the interested segments of
the public have the fullest confi-
dence in the decisions taken by the
government. The health-related
regulatory arena is a particularly
difficult one, since scientifically
based regulatory decisions almost
never reflect clear-cut, totally identi-
fiable issues. The area of uncer-
tainty and, hence, judgment usually
looms very large. What is important,
then, is that the public enjoy full
confidence that all of the available
pieces of information have been
obtained and analyzed and that both
the facts and the uncertainties have
been submitted to the best judg-
ments possible.

The credibility of the Federal
Government in regulatory matters
appears to have been severely
strained in recent years. It appears
essential that confidence should be
restored.

Elsewhere in this report it was
noted that Congress reserved for
itself in some cases the right to make
the "social" decision concerning how
much of a particular hazard the
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American public should be willing to
suffer. (This is as opposed to the
narrower consideration of how much
of a risk to human health is repre-
sented by exposure to a particular
environmental agent.) Examples of
the Congressional preemption
include the Delaney amendment
dealing with carcinogenic food
additives, and the more recently
mandated airborne emissions
standards for automobiles. The trend
seems to be one in which Congress is
more apt to assume this role in the
absence of scientific information
than when scientific understanding
is available.

In general, the Executive branch
regulatory agencies have respon-
sibilities for both narrow technical
judgments and broad social decisions
dicta ted by the var ious laws
governing their reguJatory activities.
They inevitably make both findings
of fact and judgments about appro-
priate social hazards.

Opportunities for appeal and
adjudicat ion have themselves
become important vehicles for
decisions in recent years. Regula-
tory laws vary but virtually all of
them provide for avenues of appeal
either through administrative or
judicial mechanisms or both. For
decisions relating to pesticide regis-
trations made originally by the
Administrator of the Environmental
Protection Agency, for example, an
aggrieved party to a decision may
solicit additional and sometimes
broader reviews through a public
hearing or through the calling of a
scientif ic advisory committee.
Appeal of the outcome of this process
can then be taken through the courts.

There has developed, in recent
years, some tendency to look to the
appeals processes as the principal
f o r u m f o r i m p o r t a n t
decisions—rendering the adminis-
trator's decisions almost academic in
some cases. One may reasonably ask,
to what extent should the several
appeal mechanisms be looked upon
as the setting for major decisions,
and to what extent should these

follow-on devices be allowed to
supplant the administrator's actions.
One of the important aspects of
appeal mechanisms, of course, is that
they often tend to enlarge the
informed and participating audience,
and, hence, the constituency.

Finally, there exists the question of
timeliness of decisions. Developers
of a product for manufacture
commonly complain that decisions
leading to registration or approval
are characteristically dilatory. On
the other hand, decisions to ban a
product or control an effluent are
seen as being taken too hastily.

It is the Panel's considered view
that the original decision process
should remain as the major factor in
regulatory decisions. In order to
achieve this, however, the original
decision process must entertain a
broad menu of considerations. It
must explicitly include some of the
elements now found in appeal pro-
ceedings such as public hearings
when necessary, and the frank and
timely publication of the ingredients
of the decision and the details of how
the decision was reached. Avenues of
appeal are essential and should
always be provided. However, a
sound decision process should make
their use unusual rather than
common.

Avenues of administrative and
judicial appeal of administrators'
decisions are essential and should be
available. However, avenues of
appeal should be considered as
supplemental to the major decisions
of the Government agency, not sup-
planting these decisions. In order to
assure the strength of the original
decision process it must take into
account a suitable breadth of issues
which correspond to the variety of
important interests of the parties to
the decision in each case.

The Panel believes that the major
regulatory decision-making task in
the broad sense should continue to be
in Executive Branch agencies. It is
here that the best technical compe-
tence resides. Other forums for
infusing such considerations with

the relevant technical and scien-
tifically based judgments appear to
the Panel to be far inferior and to run
the risk of serious distortion or
compromise or misunderstanding. In
this same spirit, it would be the
Panel's strong hope that Congress
would, in its legislative initiatives
dealing with health-related regula-
tory patterns, provide the adminis-
trative bodies with suitable dis-
cretion in the exercise of their regula-
tory authorities. It has been
emphasized several times through-
out the course of this report that
mandated standards and non-discre-
tionary regulatory laws are more
often than not in conflict with what
both scientific judgment and a
sound weighing of affected social
values would dictate. Flexibility and
room for the exercise of competent
judgment rather than severe restric-
tion of action are urged.

Within the Executive Branch, the
Panel feels (and agrees with past
Congressional views) that regula-
tory decision-making should be the
clear responsibility of the agency to
which that task is delegated by the
regulatory law. The decision process
should not be escalated upward into
the Executive Office of the President,
for example. At the same time, there-
fore, the agency with this decision-
making responsibility should be ade-
quately and fully equipped with the
various resources needed to make
broad analyses and sound judg-
ments. Adequate information of high
quality is essential. First and
foremost, the regulatory decisions
considered here require sound
science, and the regulatory agencies
must be well equipped with adequate
scientific resources. (This subject is
considered fully in Chapter 11.)

At the same time, in order to render
broad decisions of high quality, the
agencies must also have access to
other types of data, such as economic
information, data on the flow of
materials through the environment,
and knowledge of a variety of other
factors bearing on fair and sensitive
evaluation of the public issues pre-
sented in each case. They all require
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resources for information which
have not been traditional for these
regulatory agencies. Although to
satisfy these needs may at first
appear expensive, the cost of inju-
dicious decision-making because of
their absence would far exceed these
costs.

It is the Panel's strong view that
the decision process for which the
administrative agency is respon-
sible should be so strengthened and
so broadly based that resort to or
need for appeal would become
unusual . Vehicles for adminis-
trative and judicial appeals can serve
not only to assure fair process and
conformity with Congressional man-
dates but also as a catalyst for needed
regulatory change. While these
vehicles for appeal should be avail-
able in every case, the trend toward
original decisions being regularly
supplanted or set aside by later
appeal is unfortunate. In essence,
this means that many of the elements
now characteristic of the appeals
processes should be included in the
original decision process. These
include opportunities for public
input from a variety of interested
parties as through public hearings
where needed, and, again, explicit
consideration of a broad rather than a
narrow set of issues with each
decision.

Credibility is highly important.
The decision process in the public's
interest must be designed and carried
out so as to assure the perception as
well as the fact of integrity. Public
information and a sense of partici-
pation are necessary ingredients.

On the question of timeliness of
decisions, the Panel feels that, in
g e n e r a l , d e l i b e r a t e and well
considered actions are always in the
best national interest. Thus, the
optimum time for a regulatory
decision is that duration required to
assemble the facts and to analyze
them appropriately and fully.

For each of the health-related
regulatory agencies there needs to be
provided to the chief administrator
an Advisory Board of Review to offer
him assistance and advice in

reaching sound decisions. In each
case, this Advisory Board should be
composed of persons representative
of a breadth of interests and not be
limited to persons expert in special-
ized scientific disciplines. No Board
seat should ever "belong" to a par-
ticular constituency (consumers,
science, universities, etc.). Rather,
members should be chosen for their
breadth of view and orientation as
well as their expert qualifications.
Longevity of membership should be
sufficiently long (at least five years)
in order to assure continuity of judg-
ment. The Board's activities should
not be an ad hoc or occasional
exercise but should represent a
continued dedication; each advisory
board should be frequently and
regularly called upon,

The Board should be empowered to
call forth a variety of different kinds
of evidence, to call for a breadth of
background studies and analyses,
and to solicit public comment
through public hearings where desir-
able. The Board should be in a
position to be able to judge the
relationship between a proposed
regulatory action and other Govern-
ment programs and policies.

The product of the Board's studies
and deliberations would be advice
and recommendation. The chief
administrator would reserve the
right to make a final decision in every
case. However, there would inevi-
tably result a certain collectivization
of the decision process which, in the
Panel's view, would be to the public's
benefit. It would be expected that the
Board of Review would be viewed by
the public with respect due a body of
reputed experts and with the esteem
afforded the best of the judicial
process. To the extent that it can be
called precedent, the Panel has been
impressed with the success of similar
systems of regulatory decision-
making in other industrialized
nations such as Great Britain and
Sweden.

Finally, the Panel believes that it is
important in the case of the activities
of the Advisory Board of Review
to make available to the public

a written document which describes
the information considered and the
rationale for reaching the recom-
mended positions. This "white
pape r" w o u l d go fa r t o w a r d
supplying both information and a
sense of candor which are necessary
in maintaining the credibility of the
decision process.

Each major regulatory decision
should be accompanied by a "White
Paper" which wiJJ be a brief but
complete description of the basis on
which the action was taken. This
summary should be prepared in
language understandable by lay-
men. It should, however, be com-
pletely referenced to the more
complete technical and scientific
reports which provide the factual
basis on which the decisions were
taken. These technical and scientific
data should be accessible to the
public.

The panel views the questions of
s u p p l y i n g , i n t e r p r e t i n g a n d
supporting the advice for regulatory
decision-making as being of primary
importance. The use of ad hoc
scientific panels or advisory groups
has become common in many govern-
ment agencies. Outside advisors are
employed more in some cases than in
others. The Panel believes that a
greater use of expert scientific
advisors would be of assistance to
agency reviewers who are faced with
tasks of evaluating scientific
evidence of various types and
qualities in regulatory matters.

The Panel has been aware of delays
in the development and approval of
new therapeutic agents—delays
occasioned by the mechanisms of the
petition review process but not
necessarily related to substantial
scientific issues. Also, it was noted
that the duration of the process of
drug review is often long. Conti-
nuity of review is difficult to assure
with repeated changes in viewpoint
or in personnel and protocols.

In the case of therapeutic drugs, the
Food and Drug Admin i s t r a t ion
should adopt a series of ad hoc scien-
tific panels that include outside
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advisors—one panel for each dis-
tinctively new chemical entity or
unique combination. Each panel
would assist in the formulation of the
scientific questions related to safety
and efficacy which would be posed
experimentally for the chemical.
Each panel would remain in force
through the period of the perform-
ance of this testing and would assist
in the review of its results for the
purpose of expediting and for
passing on the adequacy of the
petition.

8. PUBLIC INFORMATION,
SCIENCE, AND THE

REGULATORY PROCESS

Several times in the course of this
report the subjects of information,
explanation and candor have been
emphasized. In the case of each
reference, a plea was made for an
increasing public understanding of
the details of scientific-regulatory
business. The general view of the
Panel is that the process of public
information and education should
complement the process of regula-
tion.

Many environmental problems and
the corresponding Government
responses are viewed by the public
with a combination of fear and
skepticism. For many, announce-
ments of environmental insults or
hazards are interpreted with
exceptional fear. Yet there is reluc-
tance at times to accept fully the
explanations and the details offered
as background for regulatory
responses . There has been,
admittedly, a tendency of some parts
of the press to favor dramatic news
and those portions of environmental
incidents which evoke particular
attention. A balanced view is not
always the result. Generally, there
has been less than a systematic
attempt to reflect the scientific
details of either the environmental
hazard or of the response to it. What
often stands out is a reflection of
r e c e n t l y p e r f o r m e d piece of
experimental work, unconfirmed and
without critical interpretation by

any of the rest of the scientific
community. Both the press and the
scientists appear to owe respon-
sibilities here. The former, in its zeal
to seek a newsworthy or even sen-
sational story, pursues or readily
accepts tentative scientific infor-
mation. The latter, on occasion, make
available to the press the results of
their work, however tentative,
creating an exaggerated impression
of an implied threat to human health
and well-being. A fair assessment
would also include, in this list,
agencies of the Government whose
spokesmen from time to time have
appeared to "play" to their constit-
uents by espousing tentative scien-
tific findings in the name of prudent
regulatory action.

The Panel is persuaded that there
are true opportunities for education
and information. Informing should
be complementary to the regulatory
process. They are not mutually
exclusive. To realize these oppor-
tunities will require a variety of bold,
active moves to make information
available and to make it understood.

First of all, there appear to be some
major areas and concepts where
public re-education is needed. For
example, a general pat tern of
evaluation of the hazard to human
health of an environmental agent or a
commercial product has been
thought of popularly as leading to a
sort of certification of proof of safety.
Except when understood in the
narrow sense of scientific proof
(tentative demonstration of a scien-
tific phenomenon) this idea of proof
is a misnomer. Assurance of safety is
never guaranteed by the process of
scientific fact-finding and inter-
pretation. If experimentation and
review have been exercised appro-
priately, if science has been squeezed
for understanding and evaluation to
the extent that it can be on any par-
ticular question, then it can be said
that according to the present level of
understanding, the probability of
hazard is low. There are two impor-
tant implications of this type in inter-
pretation. First of all, it recognizes
that the assignment of low prob-

ability of risk is based on an area of
uncertainty as well as on scientific
understanding. The problem, of
course, is that it is never possible to
ascertain fully the extent of this
uncertainty. Secondly, the tentative
nature of the finding of safety or
hazard should be stressed. Often,
although improperly, a statement to
the public about a particular hazard
is interpreted as immutable. Demon-
stration or "proof" of safety is viewed
as proof for all times. Likewise,
implication of a hazard is seen not as
a temporary interpretation but as a
permanent one. In fact, science would
dictate a different view. Science is a
dynamic affair and continually tends
to raise new questions and offer new
interpretations. New scientific infor-
mation should be expected to alter
our regulatory minds from time to
time. We should neither be surprised
nor frightened by the advent of new
and unexpected findings. Rather, a
more accurate public view would
include an element of tentativeness.

There is an additional and special
task of public interpretation and
information which should be
mentioned. Scientific information
which is reflected in environmental
decisions comes both from the estab-
lished body of science and from
recently completed investigations. In
recent years, this latter category has
often been the data around which an
environmental decision has been
taken. An examination of most any
sample of recent crisis-laden
decisions reveals a heavy contri-
bution of scientific data from
r e c e n t l y c o m p l e t e d e x p e r i -
mentation.

Data such as these are, by defi-
nition, unconfirmed, are not always
fully explained or interpreted as to
meaning, and may or may not be
consistent with previous obser-
vations in the same area. In brief,
they may point toward an implied
hazard but not a demonstrated one.
Yet such t e n t a t i v e data are
exceedingly common in environ-
mental decision-making and require
exceptional care in public inter-
pretation.
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There are several parties to this
process and each possesses a
particular responsibility:

A. Scientific investigators

Traditionally, members of the
scientific fraternity tend to be
conservative in drawing inferences
from the raw data of their experi-
ments. Scientists generally present
their ideas and interpretations to a
forum of their peers. Scientific
meetings and scientific journals are
the vehicles for testing and estab-
lishing new scientific information.
This conservatism has great merit
and the deliberate nature of scien-
tific judgment serves both science
and society well. The bulk of
"established" scientific information
has been subjected to this process.

There is, however, a clear need for
a reconciliation between the tradi-
tional scientific conservatism and
deliberateness in judgment and the
need for interpretation of scientific
information for public and social
understanding. The public or the
Congress or a regulatory agency is
bound to pose broad questions on
what the scientific data mean for the
public's health. Since there is a tech-
nical or scientific base for these
questions, they deserve a sound
scientific judgment. Clearly a regula-
tory agency needs to react appro-
priately and soon in the face of new
scientific findings clearly impli-
cating a hazard to human health. Few
would argue with the judgments
taken in behalf of thalidomide. Yet,
there is perhaps an equally strong
need to preserve the deliberate
quality of review and interpretation
in order to assure the quality of inter-
pretation.

Because of the scientific and tech-
nical nature of these decisions, scien-
tists must be engaged actively in the
process of interpretation. In the past
some well qualified scientists have
fled from this task because of the
hazards of public buffeting and
controversy. It is clear that where the

scientific community shuns this obli-
gation, others will step in their place.

The scientific community should
take an active role in interpreting the
results of scientific investigation in
ways which are meaningful to the
public and to tWB'se agencies respon-
sible for regulatory decisions.

Bold and aggressive steps should
be taken during the course of
scientific meetings and through
special background sessions to brief
members of the press on factual
material and on the results of inter-
pretation.

R e g u l a t o r y dec is ions will
inevitably reflect a large segment of
scientific data from recently per-
formed experiments. The scientists
involved should act to preserve the
deliberate review of these data in
behalf of both the public press and
the regulatory decision-makers. This
will often require special efforts on
the part of all three, scientists, the
press and the government. Premature
statements by scientists before
deliberation in the company of their
peers should be avoided.

Professional scientific societies
must take an active role in public
education. They are uniquely
equipped to do this because, a) they
usually draw their membership from
academic , g o v e r n m e n t a l and
industrial sources and have avail-
able inputs from all, b) they are free
from the taint of special pleading
attached to single agencies or indus-
tries.

B. The press

It has been common to attack the
press as irresponsible and en-
couraging sensationalism in regula-
tory matters. Newsworthi-ness is
clearly a criterion of success. At the
same time the Panel is satisfied that
the press has some special oppor-
tunities or even obligations for
educating as well as informing.

For example, the press would serve
the public interest well by aiding in
the public understanding of certain

special issues. One is the dynamic
nature of science and the changing
character of scientific under-
standing. This would properly foster
expectation of rather than surprise
over occasional re-evaluation of past
decisions. Another is the inevitable
element of uncertainty in all regula-
tory decisions. A third is the proba-
bilistic rather than clear cut, defin-
itive character of scientific judg-
ments.

In addition to simply providing
information, the press should under-
take specie/ efforts at public
education on the scientific basis for
regulation and on certain special
issues surrounding it.

The initial publication in the lay
press of tentat ive, unreviewed
scientific findings, because of the
zeal of either a scientist or a journal-
ist is highly undesirable.

The press, as it meets its respon-
sibility for balanced coverage, can do
much by combining any publication
of tentative, unreviewed scientific
findings with a significant repre-
sentation of the views of other scien-
tists competent to make comments.

C. Government agencies

Regulatory decisions are in-
evitably the result of judgment about
a broad series of factors some of
which reflect scientific findings. In
the spirit of candor and public dis-
closure, the interests of all parties
would be best served by the pro-
vision, in the case of each decision, of
a well documented background
paper. This paper should describe the
kinds of information used in
considering the decision, and the
reasoning and judgments employed
in arriving at the final decision point.

Government regulatory agencies
should make publicly available a
"white paper" at the time of each
decision in which the several kinds of
considerations, the scientific data
and the rationale are all clearly laid
out and described in a way which is
understandable to the public.
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CHAPTER 14

JUDGMENTS ABOUT RISKS AND BENEFITS

INTRODUCTION

The phrase, risk-benefit analysis,
has achieved its place as a house-
hold expression in the past few years.
As the nation has turned its atten-
tion increasingly toward matters re-
lated to the quality of life of its popu-
lace such as environmental integrity
and human health and safety, so has
come national attention to the costs
of the various enterprises designed to
bring about quality. Intuitively, it
has pleased all of us, more or less, to
hear that a comparison of risks and of
benefits was made when decisions
were taken affecting the quality of
life. With this phrase comes a certain
amount of at least public confidence
that the decisions being made are
accompanied by some sort of bal-
ance sheet of desirable and undesir-
able consequences—a careful ly
formulated pro and con statement.
Indeed, the term, analysis, suggests a
certain rigor of examination and a
strong effort to put matters into
numerical terms.

Risk-benefit analysis means
different things to different groups of
people depending upon their partic-
ular frame of reference. Each is
worthy of discussion. One concern,
for example, is the development of
analytic methodologies for per-
forming risk-benefit analysis.
Another is the aggregate of observa-
tions about public attitudes and pub-
lic behavior toward risk taking and
perceived benefits. Questions whose
answers are sought here are what are
public expectations of risk, what is
the pattern of spontaneous risk-
taking among members of the gener-
al population, and what are public
perceptions of risks and benefits? A
third concern is with the specific
scientific aspects of risks or bene-
fits, that is with the quantity and

quality of information for making
judgments about risks and benefits.
The list of considerations up to now
has mainly revolved around the
scientific and technical aspects of
risks and benefits. Apart from these
(but in the eyes of some, of greater
importance) are a series of relevant
political and social judgments. For
example, having defined the charac-
ter of the risks involved in admin-
istering a therapeutic drug, what is
the degree of risk which society is or
should be willing to experience?
This, in turn, raises the question of
how such answers are to be ob-
tained, what are the opportunities for
public participation, what is the role
of surrogates (such as physicians or
regulatory agencies) and what are
the relevant roles of various parts of
the Government particularly the
legislative and executive branches.

Informal balancing of risks and
benefits is widely practiced. As we
have made clear elsewhere, it can be
made both more effective and more
credible by the preparation and
publication of appropriate back-
ground documents, setting out as
clearly as may be the relevant
considerations and the state of our
knowledge about them. (Most of the
difficult balancing problems involve
either "a risk of a risk" rather than a
clear risk or the uncertainty, some-
times because of its subjective
character, of a benefit, or both.) In
this chapter we discuss the present
status of formal methods for inter-
relating—and hopefully balanc-
ing—risks and benefits.

During the course of the Panel's
deliberations, the National Acad-
emy of Engineering held a sympo-
sium on benefit-risk decision-mak-
ing, whose papers have been useful
here.1

FORMAL METHODS FOR
RISK-BENEFIT ANALYSIS

Models in the various sciences, in-
cluding economics, are exactly what
the dictionary says they are: minia-
ture or abstract representations of
real things. The world is much too
complicated for our minds to deal
with photographic reproductions of
entire societies or firms or machines.
Hence, one must abstract from much
of reality—hopefully retaining the
most significant portions—when he
tries to figure out how something
works or might work. Women try to
perceive how a dress would work by
looking at it on amannikin; engineers
try to see how a proposed airplane
would function by observing a model
in a wind tunnel; and we can try to set
up formal structures within which
one might gauge risks and benefits of
chemicals, or perceive what an "opti-
mal" arrangement would be. To do
this, we must do two things: (1) We
must devise algebraic or numerical
models and (2) we must choose what
it is we are to make as large (new re-
ward)—or as small (net loss)—as the
model permits.*

Conditions for optimality, how-
ever, depend on the "objective or wel-
fare function" that is to be maxi-
mized. Hence, an arrangement or set
of policies can be "optimal" only in
terms of a specified criterion. One
such criterion is maximum value to
total output (which in principle
should include such products as
beauty, safety, pollution abatement,
peace of mind, and friendliness) with
outputs valued at whatever consum-

* Work has recently been done to develop
risk-benefit methods in the absence of any
single objective function.2 3 These approaches
at least narrow the range of reasonable choices
and deserve reasonable attention.
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ers would voluntarily pay for mar-
ginal or extra units of such output.**

A model showing the conditions
for this kind of optimality would say
that risks should be reduced as long
as consumers value the incremental
safety more than they value the bene-
fits foregone. What one might like to
know, therefore, is (1) the various
risks to lives and health (plus any
other disadvantages) attributable to
each use of a substance, (2) the bene-
ficial consequences attributable to
each use, and (3) the (negative)
values of the risks and the (positive)
values of the beneficial products.

There have been relatively few
serious attempts to develop true
analytic methodologies as models
useful for doing risk-benefit analy-
sis. In one of the best known, Starr
has suggested that a ratio of risk
(some number reflecting at least one
dimension of risk) to benefit can help
us judge what should be done about
automobiles, chemicals, or other
phenomena in which risk is a promi-
nent feature.4 5 Starr selected "fatal-
ities per person-hour of exposure" as
the indicator of risk and some esti-
mate of the "value to the individual"
as the denominator. The denomi-
nator (benefit) in most cases is de-
scribed by the perceived benefit and
represented as the monetary invest-
ment consumers are willing to make.
In discussing air transportation, for
example, the denominator was the
price paid by travelers plus the esti-
mated value of the time saved by air
travel in comparison with its closest
competitor, the automobile. For an
occupational hazard, Starr consid-
ers as the proxy benefit the dollar
earnings of the occupational worker
for each of several occupations. In de-
scribing the risk value (fatalities per
person - hour at risk), Starr offers as
comparison the observed fatality
rate for the total population due to
diseases other than accidents.

Starr concludes that there is some
clustering among the various

risk/benefit ratios, that for a variety
of activities (voluntary, involun-
tary, avocational, occupational),
they fall along a curve where risk is
approximately equal to the value of
benefit cubed. Further, the location
on such a curve (where the risk value
falls above or below the average
fatality rate due to disease) is a
reasonably accurate portrayal of
human expectations of risk and judg-
ments about risk-taking. Finally,
having offered these historical
observations about human risk-
taking, Starr suggests that the gener-
al patterns gleaned from such an
analysis can be useful in arriving at
societal judgments for new or pre-
viously unassessed risks.

Carl Muehlhause has developed a
more formal, theoretical analysis.6 In
the simplest form, the benefit or util-
ity of an item is taken as adequately
represented by the price a consumer
is willing to pay for it. To the extent
that there is a hazard or risk asso-
ciated with its use, the value (still
r epresen ted by the pr ice) is
correspondingly reduced. The addi-
tion of features to the product in
order to "build in" safety (or compen-
sate for the original risk) correspond-
ingly adds to its cost and this is re-
flected in its price (termed, by the
author, a compensating variation).

Classically, as suggested above, it
has been assumed that costs asso-
ciated with assurances of safety
(reduction of hazard) can be in-
creased to the point where consum-
ers no longer value the benefits of the
product. It is Muehlhause's conten-
tion, however, that there is an addi-
tional "non-pecuniary" component to
risk. There is a threshold of risk, he
insists, beyond which no amount of
benefit f rom the product will
compensate and the general public
will refuse to purchase the product or
engage in the activity.* He has

** More precisely, a pareto-optimal situation
is one in which no affected person could be made
better off without another affected person being
made worse off.

* A more general argument, designed to show
that both individual and social preference
orderings display numerous "threshold"
characteristics that adequate policy analyses
must reflect, has been advanced in Tribe, L. H.,
Policy Science: Analysis or Ideology?, Philos-
ophy and Public A/fairs, Vol. 2, No. 1 (Fall
1972).

developed a formal mathematical
treatment of this idea for situations
both where consumers are fully
informed of the nature of the risks
and benefits and for those where a
surrogate or intermediary is commis-
sioned to pronounce on risks. It is
Muehlhause's view that the more
usual form of risk-benefit analysis
involving the assessment of mar-
ginal increment of risk reduction pro-
vided by a marginal expenditure in
behalf of safety be properly entitled
cost-benefit analysis and that the
phrase, risk-benefit analysis be re-
served for the addition of this sec-
ond, non-pecuniary limiting risk
judgment.

It is, perhaps, in the realm of acci-
dents such as automobile accidents
where there has been most attention
given to rigorous analysis. The rea-
sons are perhaps evident. Acci-
dental injuries and deaths can be
enumerated and more easily quanti-
fied than can the consequences of
environmental chemicals, for
example. Furthermore, alterations in
the risk involved (accident rate)
associated with specific inter-
ventions (lap belts in automobiles)
can be determined with enough preci-
sion to choose among several pos-
sible strategies,7

There are a few generalizations
which one can offer concerning the
methodologies which have been
offered up to now. All of these de-
pend on some knowledge about how
people actually behave in the face of
risks—known or implied. They
generally tend to assume that percep-
tions of benefit as seen in the market
place are accurate representations of
true benefit (utility, effectiveness,
etc.). Thus, benefit of a product or
activity is never questioned but
rather simply described by what-
ever people are willing to pay for the
item. By contrast, those who have
constructed numerical models have
assumed some inaccuracy in the pub-
lic's view of risk and suggest that
public perception of risk may have to
be modified or combined with
information concerning true risk. ("If
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the public really understood the haz-
ard to health and life of cigarette
smoking that pattern of risk taking
would be quite different".) Thus, it is
the view of some students of risks-
benef i t s tha t by c o m b i n i n g
experimentally derived information
about risk with public perceptions of
benefit (willingness to pay), one can
arrive at a suitable and useful analy-
sis of how risks and benefits relate. It
is their ultimate hope that insight
into such relationships can be useful
in guiding appropriate social be-
havior.

At the present time there seem to be
a number of severe limitations of the
usefulness of the existing methodolo-
gies of risk-benefit analysis. First
and foremost, these models (by
definition) are abstractions of real-
ity. In their present state of evolu-
tion, their "distance" from reality is
probably very large, rendering it
difficult to convert or extrapolate
their intended lessons into practice.
Thus, these models tend to be highly
simplified representations and may
not adequately account for all of the
factors operating in the real environ-
ment. Since they are simplifications,
they necessarily rest on a large num-
ber of assumptions which are loose-
ly formulated but are very impor-
tant in the final analysis. First, to
approve "pareto optimality" (or any
other criterion) is itself a value judg-
ment, and most of us frequently vote
for departures from this sort of
optimality. Thus its use does not
necessarily settle anything even
conceptually. Second, while such
models can help one think in an
orderly fashion about resource use,
they can rarely give unambiguous
operational guidance. For example,
the "theory of second best" tells us
that, unless all of the other condi-
tions for optimality are fulfilled, it is
uncertain whether fulfilling a partic-
ular condition makes us better off or
worse off. Yet many of the condi-
tions are always unfulfilled. As
another example, government
intervention nearly always applies
compulsion to some persons, and in
these circumstances we do not under-

stand, even in principle, how to
measure certain costs and gains.

As for operational guidance in a
practical sense, unless one can esti-
mate the magnitudes of the incre-
mental risks, costs, and benefits
associated with different drugs and
policies, there is essentially no guid-
ance. There are two kinds of prob-
lems here. One concerns a quantita-
tive estimate of the magnitude of the
risk (and benefit). What is the
probability that cancer will result
from exposure to a food additive?
What is the biological consequence of
a pesticide residue in human adipose
tissue? As will be described later, in
practice the degree of ignorance or
uncertainty is typically much great-
er than the knowledge of both risks
and benefits. This lack of sufficient
information emerges as one of the
most severe limitations to any
attempt at formal risk-benefit analy-
sis.

Typically, then, proxy measures
are used to represent risks and bene-
fits and these proxies are usually
exceedingly crude. Starr represents
risk in terms of death.5 This gives no
guidance concerning substances
which may produce eczema, enteri-
tis, brain damage, or years of painful
invalidism before death. More
importantly, however, fatalities per
exposure-hour depends crucially on
what one counts as exposure. For
floods, Starr assumes that people are
exposed 24 hours a day. What should
the exposure-hours be for penicil-
lin—the few seconds it takes to get a
shot or take a pill, the duration of
infections, or again 24 hours per day?
What are the exposure-hours for air
pollution—24 hours a day for urban
dwellers only or for the entire
population? The point is that the
resulting indicators of risk for differ-
ent substances may contain an arbi-
trary element that makes the final
ratios exceedingly difficult to inter-
pret. Moreover, as Starr says, the
benefit indicators may be even
shakier.5

Furthermore, risks and benefits of
various items and actions do not
usually come in single pairs. Rather,

in each case, there is a diversity of
risks and benefits.

With respect to a single chemical or
drug, there is not just one well-
defined hazard (such as a 1 in 10
chance of causing 1,000 deaths per
year). There are numerous different
kinds of hazards, with some
probability distribution rather than a
single probability associated with
each kind of undesirable event. Each
type of hazard differs in signifi-
cance; for example, an expected 1,000
cases of mild eczema would not be as
important as an expected 1,000 cases
of lung cancer in the same age
bracket. Similarly, benefits are
characteristically plural in number
and are distributed in a complex
fashion.

Another kind of problem involves
the marginal values attached to the
risks and benefits once they are
recognized and assessed. The issues
about chemicals and health are large-
ly about effects, such as risks, that do
not pass through direct markets for
those effects. Therefore, we cannot
directly observe what individuals
would be willing to pay, e.g., to save
other people's lives, to reduce other
people's illness, to achieve specific
reductions in the probability of their
own deaths, to have the extra knowl-
edge that basic research might yield.
Personal judgments or "guessti-
mates" have to be made; this rather
than the formal theory is a chief
bottleneck.

One can derive some clues to what
some individuals have paid for life
insurance or have paid to save
family-members' lives, and such
calculations can be helpful. But with
no direct market for lives, people are
usually buying such things as an
unspecified reduction in the proba-
bility of death in combination with
something else. For example, when
people buy medical treatment or an
annual physical check-up, they are
buying some (perhaps unknown)
reduction in the probability of death,
the probability of painful illness, the
probability of minor complications.
If someone buys a safer automobile,
he is buying such reduced risks plus a
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package of other features. Thus it is
almost impossible to sort out, with
much confidence, the values that
individuals attach to a particular risk
reduction.

Far more important, though, with-
out a direct market, there is no
mechanism to bring people's mar-
ginal evaluations into equivalence.
With a market, there is a mechanism
that causes all consumers of a prod-
uct to value the marginal unit at
approximately the same amount. If
oranges sell for $1 a pound, but
someone values an extra pound per
month at $5, he will simply increase
his consumption until he does value
an extra pound per month at about
$1. If he values the marginal pound at
only 10 cents, he will simply de-
crease his purchases until the mar-
ginal pound that he buys is worth $1
to him. Thus everyone ends up valu-
ing an incremental unit of marketed
products at approximately the ob-
served price. With no direct way for
individuals or government agencies
to exchange such commodities as
"lives saved," however, their mar-
ginal evaluations can be expected to
differ greatly. And, as far as one can
observe, this seems to be the case:
different individuals, highway pro-
grams, Defense Department pro-
grams, and health programs spend
widely varying amounts to save
lives. One ends up at best with a wide
range of values to choose from.

Risk benefit analysis for environ-
mental chemicals (or for automobile
accidents for that matter) is colored
by the fact that the risks are general-
ly low-probability events. Thus,
while their consequences may be
quite serious (e.g. birth defects,
chronic degenerative disease) their
likelihood of occurrence is typically
very low.

On the one hand, environmental
agents that pose risks of minor
troubles are simply not of major con-
cern. On the other hand, agents that
kill or seriously injure 10 percent or
more of those exposed are easily
detected, and it is not difficult to de-
cide what governmental action one
prefers. But agents that kill or

seriously injure one in a thousand to
one in ten thousand of those exposed
may often lack sure identification.
Moreover, given the uncertainties
about how to interpret animal tests,
massively used substances such as
cyclamates or oral contraceptives
may have low or very low probabil-
ities of causing near-disasters many
years hence. It is extremely hard to
decide what weights should be
assigned to such risks. At any given
time, individuals seem to be unclear
about how they evaluate low chances
of their own immediate demise, so it
is far from clear how policy-makers
should evaluate low risks of serious
consequences a decade or a genera-
tion later.

A particular limitation of risk-
benefit ratios is the limitation that
goes with almost any ratio. One
should use ratios carefully, for they
submerge everything in one number,
concealing for instance the sizes of
the numerators and denominators. It
is important, therefore, not to con-
clude that a larger risk-benefit ratio
implies a greater urgency for action.
A chemical that yields benefits of
$1,000,000 per year, but is expected
to kill 1,000 persons between ages 30
and 40, is surely a more serious mat-
ter than a chemical that produces
benefits of $1,000 per year and is
expected to kill 2 persons between
the ages of 60 and 70.

WHAT ARE THE
SPONTANEOUS PATTERNS
OF HUMAN RISK-TAKING?

As suggested above, most students
of risk-benefit analysis have as-
sumed that there are useful lessons to
be learned by observing how mem-
bers of the general population view
risks and benefits and how they be-
have in the face of these perceptions.
Clearly, we do have functioning social techni-
cal systems which over a period of many years
have developed an empirically acceptable bal-
ance between utility and social cost.5

Observations of how the public be-
haves towards risks and benefits re-
veal a variety of complex patterns
with some generalizations dis-

cernible. First, there are clear differ-
ences in the public's view between
those situations where risks are as-
sumed voluntarily and those in
which they are imposed or assumed
involuntarily.

Students of risk-benefit behavior
have universally commented on the
striking differences between what
the public seems to be willing to put
up with voluntarily and what it
claims to accept when it leaves the
decision to others.
As one would expect, we are loathe to let others
do unto us what we happily do to ourselves.5

The public seems to be clearly will-
ing to suffer a much larger risk (or
higher probability of hazard) if that
choice is in the individual's hands
than if a surrogate decisionmaker
arrives at the decision for him. The
choice of whether or not to drive an
automobile, to fasten a seat belt, or to
smoke a cigarette are the common
examples offered of individual or
personal choices. Starr has observed
that the public appears willing to
accept voluntary risks roughly 1,000
times greater than involuntary
risks,5 To offer some perspective,
natural disasters, such as floods,
earthquakes, tornadoes cause five to
ten deaths in the United States per
million population per year.

Another example of voluntary
acceptance of high risk is the field of
occupational exposures. Some
occupations can represent very high
probability of death and injury when
compared to other involuntary
activities. Of course, it can be argued
that voluntarism does not complete-
ly describe occupational choices.

A second method of categorizing
risks when describing human risk-
taking behavior is in terms of the
collective nature of risk-taking. The
larger the aggregate of people in-
cluded in risk-taking, generally, the
lower the risk society is willing to as-
sume.

A special (but very common) prob-
lem arises in those cases where risks
and benefits accrue to different
groups or individuals. This is the
situation for environmental pollut-
ants. The pattern of choice which
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seems to be emerging here is one of
general unwillingness to accept
risks.

Related to this latter is the fact that
risk-taking appears to vary with the
benefits to be expected. The greater
the perceived benefit, the larger the
acceptable risk. A life-saving thera-
peutic drug may be expected to carry
with it undesirable side-effects
which themselves could be expected
to compromise health.

It has been suggested that public
preferences be examined in terms of a
factor termed a "protection ratio"
which is:
The exposure people seem
to be willing to bear

The exposure that is
known to produce
designated ill effects

For drugs used in serious illnesses,
we may often have to be content with
a ratio of 1:2. (When employing
radiation therapy for acute cancer we
may go to ratios of 2 or 3.) For rou-
tine insults, such as pesticide resi-
dues, we appear to accept ratios of
perhaps 1:100. For known carcino-
gens in important substances, such
as radium in tap water or radium in
household salt, we seem to be con-
tent with ratios of perhaps

1 1
1,000,000 or 1,000,000,000

Finally, it has been observed that,
in considering environmental agents
which may provoke insults to human
health, the public's view toward risk-
taking leads to a kind of a rank-order-
ing of various outcomes and effects
such as:

carcinogenesis
teratogenesis
death
serious illness
less serious illness
miscarriage

As was pointed out above, there is
a school of thought which, having re-
viewed the patterns of public be-
havior toward risks, finds these pat-
terns irrational.1 They cite, for
example, the relatively prudent
course (large investments in safety
with low resulting risk) in the case of

nuclear power production alongside
the much riskier course (small
expenditures in safety with higher
resulting risks) in the case of natural
disasters such as earthquakes. It is in
part these very inconsistencies
which have led some to advocate or
even insist upon departures from ca-
veat emptor through the interme-
diary of third-party, government
regulation.8

RISKS OF PRODUCTS
VERSUS COSTS

OF POLICIES
It is, perhaps, useful to pause in

this discussion in order to make a
distinction between two concepts
which are commonly confused. One
is the concept of a risk or hazard
associated with the use of a thera-
peutic drug or exposure to a pesti-
cide residue or with the driving of an
automobile, etc. This is the negative
value attached to the particular piece
of technology under consideration.
The other concept is that of the cost
(usually in or reducible to monetary
terms) of adopting any of several
policies. Examples here are deci-
sions to abate air pollution emis-
sions from power plants or automo-
biles (which may have costs asso-
ciated with unemployment, higher
costs of electricity and automobiles,
etc.), decisions to delay environ-
mental actions, etc. The particular
biological risk to health of a chemi-
cal, for example, is one of the costs
associated with exposure to the
chemical. The concept of the cost of a
policy is a much broader one than is
that of the particular risk or hazard to
human health. In the present
example, the cost to society of de-
priving it of the chemical, the cost of
substitutes for it, etc., are illustra-
tive of this second category. Both
risks, in the narrow sense, and costs
in the broader sense, have on the
other sides of their equations factors
of benefit or of positive values.

The risks and benefits associated
with a drug are not as directly rele-
vant to our choices as the costs and
benefits associated with a policy. To
judge or know how the risks attribut-

able to DDT compare (low or high) to
DDT's benefits is relevant informa-
tion, and yet to decide what to do, one
would prefer to know or to know
such things as what happens to costs
(including the negative value of
expected deaths and illness) and
benefits, if we (1) cut usage of DDT in
half, (2) limit DDT to certain places
and modes of application, (3) tax
DDT heavily, (4) limit its use and at
the same t ime adopt o ther
precautionary measures or limit the
use of other drugs. Information about
total risks and benefits from a chemi-
cal is pertinent mainly to the
question, "should the chemical be
banned completely?" This informa-
tion does not pertain directly to other
possible policies regarding that
chemical. Nor does it tell one any-
thing about the consequences of re-
quiring more tests of new drugs or
the consequences of modifying the
future R&D or production environ-
ment.

Hence, as a framework for thinking
about decisions or recommenda-
tions, cost-benefit analysis applied
to alternative policies is in many
ways more suitable than risk-bene-
fit analysis. Clearly, however,
information about particular risks
and benefits is an essential ingre-
dient in arriving at any appropriate
form of a cost-benefit judgment.

There have been a few attempts at
cost-benefit analyses for various
program and policy decisions. They
are generally limited severely by a
lack of basic information to describe
the elementary parameters of risks
and beneficial values. Again be-
cause data are more available, cost-
benefit studies have been most
prominent in behalf of vehicular acci-
dents and choices of safety features
for vehicles.7 " 10 » 12

A few recent attempts have been
made to treat the subject of air pollu-
tion in a similar fashion. Ridker13 dis-
cussed in theoretical terms the conse-
quences of various possible strate-
gies toward air pollutants. These in-
cluded the costs of accepting air
pollutants versus the costs of abate-
ment versus the costs of a delay in
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making a decision. Lave and
Seskind14 using data available from
the biological literature dealing with
the known biological effects of
various air pollutants attempted to
characterize the dollar penalty asso-
ciated with exposure to various pat-
terns of air pollution. It is interest-
ing that this analysis became a key
argument in the legislative history of
the current air pollution legislation15

(and also a recent review of this sub-
ject by the Office of Science and
Technology.12) Serious limitations
have been recognized in the original
analysis by Lave such as the failure
to take into account the biasing effect
of cigarette smoking.16 Neverthe-
less, in the face of a scarcity of other
comparable analyses, this one re-
mained as a strong argument.

INFORMATION FOR
RISK-BENEFIT ANALYSES

From what has been described
above it should be apparent that the
success of any risk-benefit analysis
exercise is very much dependent
upon the quality of the data used. In
spite of the most rigorous and the
sophisticated of methodologies, an
analysis is worth no more than the
information used in the analysis.

In practice, it appears to be lack of
good data (in many cases of any data)
which has inhibited the systematic
performance of risk-benefit analy-
ses. At a recent symposium on risk-
benefit analysis it was noted on
several occasions that sufficient data
simply do not exist to provide a suit-
able basis for the evaluation of risks
in most cases. For environmental
chemicals, the magnitude of hazards
involved is typically obscure and the
area of uncertainty in each case is
enormous. What usually emerges is a
possible threat to health rather than a
definite explicit one. The measures
which analysts fall back on are
characteristically crude proxies of
the ones which they would like to
have and, in many cases, even these
are not available. If uncertainty truly
exists, to fasten onto spuriously pre-

cise estimates and pretend the
uncertainty is not there, is unlikely to
produce good decisions. Such a
procedure is like the drunk search-
ing for his lost door key under the
street lamp instead of where he lost it
"because the light was better under
the lamp." On the other hand, this
admonition should not dictate a
spirit of resignation to no informa-
tion. With an appropriate under-
standing of the underlying qualifica-
tions, data should be used and
alternate assumptions should be
tried.

Surprisingly, perhaps, indicators
of benefit may be even shakier than
those of risk.5 Again proxies are
generally accepted and there are
usually reflections of behavior in the
market place. Thus, the price of a
product or the cost of air travel or the
wages paid to workers are the usual
indices used. The assumption under-
lying each of these is that the public
perception of benefit as seen in its
monetary choices are true reflec-
tions of benefit.

The results of the recent study on
the efficacy of therapeutic drugs
represent an example in which true
utility and perceived benefit were
distinguished.17 There is a special
case which is worth singling out
since it is somewhat simpler than the
others. This is the case of a product
whose nature approaches essen-
tiality or upon which a degree of
dependence has developed. This
quality was considered in a recent
Government analysis of the risks and
benefits of the chemical, polychlori-
nated biphenyls.18

GOVERNMENT PREEMPTION
WHO DECIDES?

There remain two questions whose
answers have profound implica-
tions for public policy making. One
concerns the separation between
technical analysis of risks and bene-
fits and the social question of how
much of a hazard should the public
suffer. The question which arises is
to what extent should that latter

judgment be removed from the pub-
lic's own hands and be made for it by
a surrogate. The second question
follows the first, assumes that the
Federal Government will assume
some of this surrogate activity (as it
has historically and increasingly)
and asks which part of the govern-
ment should enjoy (or suffer) that
role.

TECHNICAL ANALYSIS
VERSUS SOCIAL

JUDGMENT

With a tradition of relative freedom
of choice and activity which is
characteristic of this notion one may
well ask why shouldn't consumer
sovereignty include his right to make
his own mistakes. In fact, this ques-
tion has been raised by some of those
preoccupied with risks and bene-
fits.19 Yet in many instances, surro-
gate or third-party agents have ob-
viously assumed the role of both
analysis and judgment in behalf of
the public benefit and its collective
risk. The usual explanation of this
preemption relates to a growing
complexity of commerce, a prolifera-
tion of products, to the extent that the
individual citizen is unable to eval-
uate on his own the consequences of
various items of technology.8 What
has emerged, then is a pattern of in-
creasing governmental involvement
in judgment making and regulation of
some products (foods, drugs, pesti-
cides) and of materials which exist in
the public domain (radioactive emis-
sions, chemical and particulate air
pollutants, etc.).

One observer has pointed out that:
The emphasis on freedom which charac-

terizes our society brings caution to any legisla-
tive attempt to restrict choices and innova-
tions. Our history demonstrates the value (for
national vigor and growth) of risk-taking. The
present development of chemical regulation
seems not to impose a pattern of behavior, but
rather to make certain that we know as much as
possible about risks and benefits when a deci-
sion is made.8

This author suggests that it has
been Congress' intent that the
government should analyze and in-
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form. In fact, the government's role in
judgment is compelling in certain
areas (including certain classes of
chemical substances).

If one is content to separate the
question of technical analysis from
social judgment, then one is perhaps
justified in inquiring as to which part
of the government has the latter
responsibility, the Executive branch
or the Legislative. One school of
thought has urged that the Execu-
tive branch be given only the
responsibility of technical analysis
leaving social judgments to the Con-
gress.20 In fact, the pattern up to now
has been a mixed one. In some cases,
clearly the Congress has assumed the
role of judge of social issues con-
cerning how safe is safe enough. The
amendment to the Food, Drug and
Cosmetic Act which determines the
destiny of food additives found to be
carcinogenic in animals or man
(Delaney amendment) is perhaps the
best known example. The Clean Air
Act which determines the degree of
reduction of automobile emissions is
another. It is interesting to note that
it seems to be the very lack of suffi-
cient information plus an impHed
threat in each case which has led
Congress to take social judgment-
making into their own hands. In most
regulatory activities dealing with
chemical agents, the administrator of
the law enjoys some discretion either

as to time of regulation or as to de-
gree of regulation, Thus, in most
cases, both the Executive and
Legislative branches have opportuni-
ties for offering surrogate judg-
ments in the public's name.

A great deal of effort has been
expended in behalf of trying to deter-
mine "appropriate" patterns of social
decisions. Characteristically, this
has assumed the form of inquiries
about how members of the general
population value health, ill-health
and death.19 The "principles" which
emerge, again, are a combination of
observation of how people seem to
behave plus some judgments as to
ho w they should behave. In general, it
may be said that the more people who
are exposed to a given risk, the more
society is justified in imposing con-
trols on the degree or choice of risk
(keeping in mind that the factor of
voluntarism versus involuntarism is
even more important).

SUMMARY OF FINDINGS

The Panel views systematic
attempts at risk-benefit analysis
with great interest. Despite an evolv-
ing analytic methodology, it is clear
that there are a number of severe
limitations to the use of any formal
models and methods. They are high-
ly abstract. They lean heavily on
assumptions which themselves are

often debatable. They can be no bet-
ter than the original data used to de-
scribe the ricks and the benefits. This
lack of basic information is probably
the most severe limitation to the use
of these models. In addition, there are
no agreed upon ways of valuing in
meaningful terms the increments of
health and safety under consid-
eration. In summary, then, we should
not be deceived by falsely high
expectations of formal risk-benefit
analysis, though development and
refinement of methodologies should
be continued and encouraged.

Observations about how people do
behave and how they perceive risks
and benefits are useful. Again, there
are limitations. Inaccuracies in
perception of both risks and benefits
should be recognized. Correction ob-
viously comes from education.

While formal risk-benefit analysis
in a rigorous sense may not be pos-
sible yet, systematic review and bal-
anced decisions are possible. How to
perform these and how to accom-
modate them within a political set-
ting is the subject of a further chap-
ter.

Finally, regardless of the type of re-
view and analysis mechanisms
chosen, the Panel finds great virtue in
explicit explanation to the public as
to how decisions are arrived at, what
assumptions are included and what
information is used.
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APPENDIX A

CAUSES OF DEATH WITH INCREASING
RATES IN THE 1960's

George B. Hutchinson
Department of Epidemiology

Harvard School of Public Health

A long term fall in overall death
rates in the first half of the twentieth
century was interrupted in the dec-
ade of the 1950's by a flattening off. It
has recently become apparent that
this flattening represented the begin-
ning of a trend of an increasing slope
of death rate per unit time, with the
slope for males passing from nega-
tive through zero to positive in the
1960's. For females the same trend is
suggested by a change from a nega-
tive to a zero slope, though a positive
slope has not yet been observed.

The National Center for Health
Statistics has investigated these
trends by age, sex, race, and cause of
death and has identified ten causal
categories in the standard List of 60
Selected Causes of Death which are
responsible for major parts of the rise
for white males.1 Causes identified
are those which satisfy at least one of
two criteria—

1. an increase over a ten year
period of at least 15 per 100,000 in the
annual mortality in any 5-year age
group.

2. at least 10 per cent of the in-
crease in all causes in any 5-year age
group.

Two causal categories identified
by the above rule showed increases
satisfying the criteria in only limited
age groups and had decreases for the
total experience of all age groups
combined. One of these, arterio-
sclerotic heart disease, showed a de-
crease in 10 of 13 five-year age
groups and satisfied the criteria of a
rise only in the single age group 70 to

74. The other category, suicide,
showed a decrease in 9 of 14 five-year
age groups, and the rise was con-
fined to ages below 45 years.

For the other eight categories the
increase was seen in each five-year
age group for each cause except for
four age groups for the category cir-
rhosis of liver. There was a small de-
crease in cirrhosis at age 20 to 24 and
at all ages above 70 years. Rates rose
in all intermediate ages, 25 to 69, and
the overall result was an increase.
The eight categories showing over-
all increases are—

Carcinoma of the lung
C a r c i n o m a , o t h e r a n d

unspecified
Other circulatory diseases
Bronchitis
Other bronchopulmonic diseases
Cirrhosis of liver
Motor vehicle accidents
Homicide

In table A-l, numbers of "extra"
deaths in 1967 as compared with
1960 are shown for the eight cate-
gories listed above by 5-year age
groups. These theoretical numbers
are obtained by applying the differ-
ence in cause- and age-specific death
rates between 1960 and 1967 for
white males to the entire 1967 male
population of the United States for
the age groups indicated in the table.

It is felt that these changes in death
rates over a short period of years
represent environmental changes in a
broad sense. No change in the
classification rules has occurred in
this interval, and no major change in
the composition of the population is
thought to have occurred. More
significantly, the causes identified as
contributing to the increase are cate-

gories known to be heavily related to
two groups of environmental fac-
tors, smoking and other forms of air
pollution and alcohol use. It may be
supposed that major changes in
smoking and other air pollution are
responsible for a substantial part of
the rise in death rates in the cate-
gories carcinoma of lung, bronchitis,
and other bronchopulmonic dis-
eases, while they are to a lesser de-
gree associated with the categories of
carcinoma other and unspecified and
other circulatory disease. Alcohol
use may be presumed to be similarly
related to the last three categories,
cirrhosis of liver, motor vehicle acci-
dents, and homicide.

By age the greatest numbers of
extra deaths occur in the ages of
heaviest mortality from all causes,
with the exception of the two oldest
groups, age 75 and over, where the
numbers of extra deaths fall off. In
tabulations of deaths from all causes
these are the ages with greatest num-
bers of deaths, since the rapid rise in
rates more than counter-balances the
fall in population at risk in these age
groups.

By cause of death, two of the
respiratory disease categories,
carcinoma of lung and other broncho-

! pulmonic diseases, dominate the pic-
ture. These two categories contrib-
ute 20,139.2 extra deaths, or over half
the total extra deaths tabulated.

The age distributation of extra
deaths demonstrates two sharply
varying patterns by cause. The
respiratory and circulatory deaths
have an old age pattern, with the
modal number of extra deaths
coming in the age group 65-69, 70-74,
or 75-79 for each of the five cate-
gories. A young age pattern is found

8-750 O - 73 - 11
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for the violent deaths, motor vehicle
accidents and homicide, with modal
ages of 15-19 and 20-24, respec-
tively. The category of cirrhosis is
intermediate, shows a mode in the
middle years, 60-64, and shows an
absolute fall in death rates in the old-
est and youngest ages, where the
other categories are most concen-
trated.

While the causes of death shown in
the table contribute in total 36,171.5
estimated extra deaths, many other
categories have shown decreases in
this period, and the overall extra
deaths for all causes, a balance be-
tween positive and negative com-
puted numbers, is only 10,235.7
deaths, or 1.09 per cent of all male
deaths in 1967. For each of the select-
ed causes the number of extra deaths
comprises more than 10 per cent of

total deaths from that cause, These
percentages are as follows—

Percent

Carcinoma lung 22.9
Carcinoma, other, unspec. .. 14.2
Circulatory, other 17.0
Bronchitis 39.3
Bronchopulmonic, other .... 39.4
Cirrhosis 15.3
Motor vehicle accidents . . . . 14.6
Homicide 30.1

It is seen that the rise in the benign
respiratory diseases is the greatest
proportionate rise, amounting to al-
most 40 percent of the total 1967
deaths for these groups.

The time trend over the years, as
has been mentioned, has been one of a
fall in death rates until 1950, fol-
lowed by a leveling off and a current
rise. This has also been the pattern in

most individual age groups. For the
individual causes of death this pat-
tern has not been seen in most cases.
Carcinoma of the lung has risen
steadily in most age groups in the
past 15 years, though for the younger
ages, with very low absolute rates,
there has been little change, and in
some age groups a fall in rates. The
patterns are similar for bronchitis
and for other circulatory diseases.
For cirrhosis there is also an essen-
tially steady rise for the ages at
which this category is currently
demonstrating an excess. For motor
vehicle accidents and homicide the
time trend has been similar to that for
the total group of all causes, an early
fall-off, followed by a recent and
disappointing rise.

It would appear in general that cer-
tain categories of disease have never

EXHIBIT A-1

NUMBER OF EXTRA DEATHS, 1967, MALES, UNITED STATES

AGE

15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80 AND OVER

ALL AGES

CA1

LUNG

5.4
91.4

247.4
373.4
559.0
869.1

1,511.6
2,259.9
2,231.5
1,907.6

933.2

10,989.5

CA1

OTHER
UNSP.

138.8
125.4
324.8
387.4
408.2
610.4
311.1

37.0

2,343.1

CVS,1

OTHER

18.1
7.7
0

16.3
5,7

36.2
74.7
99.3

173.8
319.0
245.5
713.3
628.5
561.0

2,899.1

BRONCH,1

23.0
36.6

146.4
193.7
237.4
351.1
363.4
291.7

1,643.3

BRONCH-1

PULM.,
OTHER

16.3
0

12.1
51.7

125.4
594.6

1,036.9
1,659.4
2,204.7
1,942.5
1,506.1

9,149.7

CIRRHO-1

SIS

-7.7J

36.2
48.9

234.2
271.5
327.5
386.6
626.6
706.4
168.6
-11.2
-76.2
-92.4

2,619.0

MOTOR1

VEH.

1,525.8
942.8
531.1
407.8
279.9
235.3
327.5
240.3
114.4
186.1
109.4
87.2
42.8
54.1

5,084.5

HOMIC.'

154.4
245.3
222.9
163.1
160.0
169.0

74.7
57.5
59.4
34.2
41.4
40.2
15.9
5.3

1,443.3

TOTAL

1,698.3
1,188.1

790.2
657.8
771.2
971.5

1,391.3
1,630.1
2,909.1
4,375.3
5,129.8
6,227.2
5,135.6
3,296.0

36,171,5

'CA LUNG.
CA OTHER, UNSP.
CVS OTHER
BRONCH
BRONCH.- PULM., OTHER
CIRRHOSIS
MOTOR VEH. ACC.
HOMIC.

Malignant neoplasm of respiratory system, not specified as secondary (160-164)
Malignant neoplasm of other and unspecified sites (156B, 165, 190-199)
Other diseases of circulatory system (451-468)
Bronchitis (500-502)
Other bronchopulmonlc diseases (525-527)
Cirrhosis of liver (581)
Motor vehicle accidents (E810-E835)
Homicide (E964, E980-E985)

2A negative sign Implies a fall In death rates
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participated in the overall down-
ward trend, and that these diseases
are now predominating the mortal-
ity experience. These are principally
respiratory diseases, malignant and
non-malignant.

To the extent that the rise in
cigarette smoking is responsible for
increases in mortality rates, a level-
ing off and a subsequent fall may be
ant ic ipated. While per capita
consumption of cigarettes in the
United States more than doubled in
each decade from 1900 to 1930, the
rate of rise subsequently decreased,
so that there was only a 17 percent
rise between 1950 and 1960, and the
single year 1961 saw a fall (Table
A-2).z

The pattern of cigarette use has
been studied in detail in two major
investigations in the 1950's and
1960's.34 Both reports showed a fall
in smoking by men and a rise in wom-
en, but with a clear male excess
persisting. Two features of the male
cigarette use pattern are partic-
ularly pertinent to the present dis-
cussion. First, the proportionate fall
in numbers of cigarette users is great-
est is the younger ages, where the

lung cancer death rates are pres-
ently constant or falling. Second, the
fall in cigarette use has occurred in
the light or moderate smoking males,
while the heavy smokers have re-

EXHIBITA-2

CONSUMPTION OF
CIGARETTES PER
PERSON AGED 15

YEARS AND OVER IN
THE UNITED STATES

FOR SELECTED YEARS
1900-1962'

Year
Cigarettes
Number

1900
1910
1920
1930
1940
1950
1960
1961
1962

49
138
611

1,365
1,828
3,322
3,888
3,986
3,958

mained constant or increased. If the
decreased smoking in the younger
groups represents a cohort trend to
less smoking, a similar decrease in
older ages may be anticipated in fu-
ture decades. The resistence to
change of the heavy smoking groups
may have the unfortunate conse-
quence that disease trends are only
marginally influenced by major
changes in total numbers of smok-
ers. This would be expected if cig-
arette smoking behaved like a thresh-
old phenomenon with little or no
effect in small doses.

Source: Smoking and Health. Report of the
Advisory Committee to the Surgeon General,
1964.
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APPENDIX B

OTHER PERSPECTIVES ON HEALTH

In Chapter 5 we have looked at
what linked deaths can tell us about
threats to health when the linked
deaths are looked at as a percentage
of all deaths. We recognized that this
measure did not give adequate atten-
tion to the greater seriousness of
early deaths, and gave, in addition,
some figures for "adjusted per-
centages" of deaths. We now look at
linked deaths from a different as-
pect—how many people "might be
alive"—which also helps to explain
how these adjustments were made.

We then go on to consider long-
term changes in survival, and what
can be learned by comparing long-
term changes in women with those in
men.

As we will see in Section 2, the de-
tails of exactly what "might be alive
in 1967" are mildly complex, just as
are the details of "1967expectation of
life at birth." For all this, the reader
who takes the "number who might be
alive" as a reasonable pointer to the
number who really might be alive is,
we feel, being as well guided as is
presently possible. (The uncertain-
ties in "linking" almost certainly out-
weigh any that are added.)

1. Number who might be alive

Let us compare two quite hypo-
thetical situations: one in which
people continue to die, year after
year, in the same numbers at each age
that died in 1967; another in which
every death linked to a particular
threat is postponed, so postponed
that the distribution of continued life
is the same for all linked deaths post-
poned from a given age as it is for all
those who reached that age without
dying. We next calculate the number
that "might be alive," that is how

many more people would be alive in
the second hypothetical situation
than in the first. (The concept is dis-
cussed further in Section 6 below.
Details of the calculation are given in
Appendix C.)

Exhibit B-l sets out the numbers
that result. Let us look at the first
line, that for cigarette smoking, in
some detail. If we ask for those who
"might be alive" at all ages, we find
3,700 thousand—about 3 3/4 mil-
lions of people. This does NOT mean
that had no one born in the last eight
or nine decades smoked cigarettes,
that 3 3/4 million more would be
alive. It DOES mean, though, that
thinking about 3 3/4 million more
now alive is a reasonable way to
grasp the importance of deaths
linked to cigarette smoking.

Moving to the right, if we only
consider those under 85, about 3,100
thousands "might be alive." Simi-
larly about 2,000 thousand under 75
and 900 thousand (about 1 million]
under 65. On the right-hand part of
the exhibit we take these numbers
apart, and reach, as something to give
us a feeling for the impact of cig-
arette smoking.

0.9 million who might be alive
under 65

1.1 million who might be alive
between 65 and 75

1.1 million who might be alive
between 75 and 85

0.6 million who might be alive
above 85

This is to be compared, for
example, with the corresponding fig-
ures for alcohol abuse.

1.2 million who might be alive
under 65

0.3 million who might be alive
between 65 and 75

0.2 million who might be alive
between 75 and 85

0.1 million who might be alive
above 85

Clearly the impact of these two
threats is about the same (alcohol
abuse is in fact somewhat larger) if
we only look at ages under 65. The
greater impact of cigarette smoking
occurs at the ages beyond 65.

Exhibit B-l allows one to gain simi-
lar impressions for the other threats
considered above, except for those
that are either too uncertain or too
small to be worth such treatment.

Clearly we are talking of large
n u m b e r s " w h o m i g h t b e
alive"—something like six million for
cigarette smoking and alcohol abuse,
perhaps twice this number if we in-
clude both choice of diet composi-
tion and unknown chemical initia-
tors or promoters of cancer and if
these two turn out to be very impor-
tant.

2. Adjusted percent of deaths

We can now calculate an adjusted
percent of deaths—either for all ages
or for ages up to a given limit—as:

adjusted percent of deaths =
No. who might be alive (linked to given threat)

No. who might be alive (all causes)

The adjustments used in Chapter 5
were:

Adjustment A: all ages included.
Adjustment B: only ages up to 65.

3. Long term changes

We said earlier that a significant
fraction of the improvement in health
in this century could be credited to
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chemicals. What does this mean in
terms of those who might, or might
not, be alive?

If the 1901 death rates had con-
tinued throughout the lifetimes of
those now alive, nearly 50 million
people now alive would have died. If
the 1967 death rates had applied in-
stead, nearly 20 million people now
dead would still be alive. The prob-
able impact of today's large chemi-
cal threats, say 6 to 12 million who
might be alive, may well not be as
large as the benefit we have already
had from chemicals, but it is at least
a large fraction.

For those who want a little more
detailed feel, we give age break-
downs for what 1901 and 1967 death
rates would mean. If 1901 death rates
had been in existence (with no allow-
ance for children born of parents who
would have died before having the
children):

• about 40 million people under 65
would not now be alive.

• about 4 million people between
65 and 75 would not now be alive.

• about 2.5 million people be-
tween 75 and 85 would not now be
alive.

• about 1 million people over 85
would not now be alive.

If the opposite had happened, if
1967 death rates had applied in the
past:

• about 10 million more people
under 65 would be alive.

• about 4 million people between
65 and 75 would be alive.

• about 3 million more people be-
tween 75 and 85 would be alive.

• about 1.5 million more people
over 80 would be alive.

These figures offer a more detailed
feeling for what the differences in
death rates—(1) as they were in 1901,
(2) as they changed through this cen-
tury, (3) as they were in 1967—mean
in terms of our present population.

4. Effects on average lengths of life

Rather than think of how many
might still be with us, some wish to
think about what impact these
threats are likely to make on one's
own life. Careful calculation here is a
little more complicated, so we will
content ourselves with a very rough
approximation, namely:

1 year of extra life for every
2 million who might be alive

1 month of extra life for every
160 thousand who might be alive

1 week of extra life for every
40 thousand who might be alive

1 day of extra life for every
5 thousand who might be alive

1 hour of extra life for every
230 who might be alive

1 minute of extra life for every
4 who might be alive

With these rules of thumb the figures
of the left-most column of Exhibit B-l

EXHIBIT B-1

"NUMBERS WHO MIGHT BE ALIVE" = DIFFERENCE BETWEEN:
(1) RESULT OF CONTINUING ALL 1967 DEATHS IN SUCCEEDING YEARS AND.
(2) SAME EXCEPT THAT EACH LINKED DEATH IS REPLACED BY THE AVER-

AGE CONTINUATION OF LIFE FROM THAT AGE.

Cumulative (thousands)
all

ages

3700
1800

7

390
375

150
130

110
75

30
7

up to
85

3100
1700

370

120
120

100
70

25
7

up to
75

2000
1500

330

75
100

65
65

15
6

up to
65

900
1200

270

30
75

30
50

5
5

Linked to2

cigarette smoking ....
alcohol abuse
dietary composition . .
unknown cancer ....
illicit drug abuse
adverse reactions to

medication
airborne particles ....
suicides with

air pollution
accidents with
chemicals

coffee
oral contraceptives . . .

Se
to
65

900
1200

270

7

30

75
30

50
5
5

oarated' (thousands)
66 to
75

1100
300

70

45

30
35

15
10
1

76 to
85

1100
200

?
40

?
40

20
35

5
10
1

86
up

600
80

20

?
30

5
10

5
5
0.3

1 Rounded further.
JNote that the numbers given "who might now be alive" are calculated as though current risks
had been in effect throughout the life of our present population.



147

have a different, useful (and still
more approximate) interpretation.

The conversion applies to "the
average person." So far as risks due
to the choice of others go, the result is
roughly correct for anyone. But
where it is a matter of own choice, we
need to allow for how many choose.
We have taken the fraction of
cigarette smokers to be about 3/8 (1/2
for men, 1/4 for women). According-
ly, while removing deaths linked to
cigarette smoking would give an
average of two years of extra life,
non-smokers would gain nothing and
the average smoker would gain about
2/(3/8) = about 5 years.

Similar, but often much more ex-
treme, adjustments would be appro-
priate for other self-chosen threats.

5. Females vs. males

We have noticed how much more
the expectation of continued life has
been improved for females as com-
pared to that for males. Two major
reasons for this are clear: More men
than women smoke cigarettes. (In-
deed our estimates link about 140,000
more male deaths than female to cig-
arette smoking,) More men than
women die from accidents, homi-
cides and suicides. This raises such
questions as: How much faster do
men die? How much of this is due to
these two major effects? How rapid-
ly has the pattern changed?

Exhibit B-2 sets out the ratios com-
paring death rates for men to those
for women for various ages, as it used
to be in 1901, and as it was in 1968.
The ratios are the relative number of
deaths among equal numbers of men
and women at a given age. In 1901,
males died about 1.1 times as fast as
females. In 1968, males died more
nearly 1.8 times as fast as females. In
large measure, this came about from
the removal of causes of death that
affected both sexes more or less
equally. In almost equally large
measure this came about from the in-
creasing importance of threats that
were more important for males than
for females.

As a first step in understanding the
implications of Exhibit B-2, we can
look at the corresponding ratios
when we set aside all deaths due to
accidents, homicides, and suicides.
The result is shown in Exhibit B-3.
We see that in 1901, removing all
deaths due to external causes leaves
men dying slower than women be-
tween 10 and 40 years of age, and, ex-
cept for the first year of life, never dy-
ing more than 1,1 times as fast, In
1967, the omission of deaths from ex-
ternal causes has reduced the first
peak in the ratio—the one falling in
the late teens—from 2.9 to 1.3. (The
small peak that remains would be
accounted for if about 10 percent of
those dying because of external
causes do so from complications, one
of which is then entered on the death
certificate as the cause of death.) The
second peak—the one falling in the

EXHIBIT B-2

RELATIVE DEATH RATE-
FRACTION OF MEN

DYING AS A
MULTIPLE OF FRACTION

OF WOMEN DYING-
FOR VARIOUS AGES,

BOTH IN 1901 AND 1967

Age
0-1
1-5
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84

(median) . .

Ratio
In 1901

1.20
1.07
1.06
1.04
1.00
1.07
1.04
1.06
1.12
1.17
1.17
1.13
1.13
1.13
1.12
1.08
1.08
1.08

Ratio
in 1967

1.29
1.25
1.39
1.75
2.50
2.80
2.26
1.81
1.69
1.70
1.78
1.99
2.03
2.07
1.82
1.70
1.46
1.24

early 60's, is not appreciably re-
duced.

It is natural to try to go somewhat
further by excluding both deaths
from external causes and deaths
linked to cigarette smoking. The
fourth column of Exhibit B-3 shows
that the peak in the early 60's is re-
duced from 2.05 to 1.67. This leaves
us with the impression that differ-
ences in frequency of cigarette
smoking accounts for a sizable frac-
tion of the excess death rate for men,
as compared to women, but prob-
ably for less than half this excess.
(The last column (all in parentheses)
shows the effect of removing twice as
many deaths as we have linked to cig-
arette smoking. After this hypothet-
ical adjustment, the mean ratio is still
7 percent greater than in 1901. Our
impression is confirmed.)

What about the remainder? Some
will believe that a large part of the
remaining excess is due to environ-
mental exposures of some sort or
other. Others will believe that the
stresses of working life are the major
cause. As yet there is no clear
answer.

We can say, however:

• that men die at a rate almost
twice that of women between 50 and
70 years of age.

• this direction is consistent with
more men smoking cigarettes,

• the estimates we have made of
deaths linked to cigarette smoking
are not large enough to account for
quite half the difference,

Looking at the comparison of men
and women does nothing to contra-
dict our earlier analyses; indeed it
offers a small amount of indirect sup-
port.

6. Measures of life and death

Human life terminating in death is
a lengthy process, yet the world we
live in changes rather rapidly. As a
result, measures of health based on
how and when we die tend to be
somewhat less than straightforward
in their interpretation, not for mali-
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cious reasons but rather because
making the best use of current
information is not a trivial task.

COUNTING DEATHS

One thing we can do is just to count
deaths according to a standard set of
causes. This throws some light on the
situation: a cause of 500,000 deaths a
year is almost certainly more serious
than one that causes only 5,000. Be-
sides the absence of a natural refer-
ence, two considerations weaken a
mere death count: First, all we can do
is to postpone death—the total num-
ber of deaths is essentially fixed by
the total number of births. Second,
death of a younger person is almost
universally agreed to be more serious
than that of an older one.

To get around some of the difficul-
ties, we can compare official causes
in terms of the percent of all deaths.
In 1967, for example, we have such
results as those shown in Exhibit B-4,
where numbers are in one column
and percents in the other.

Most readers will agree that they
can get a clearer picture from the per-
cent column than from the count
column.

EXPECTED YEARS OF LIFE

Expected years of life is a measure
that sounds easier to understand
than it is. What would probably be
most meaningful would be some
measure of how long an average
individual born at a given date lives.
If average is meant in the technical

EXHIBIT B-3

RELATIVE DEATH RATE—FRACTION OF MEN
DYING AS A FRACTION OF WOMEN DYING—

WHEN DEATHS FROM EXTERNAL CAUSES
(ACCIDENTS, HOMICIDES, SUICIDES, ETC.)

ARE EXCLUDED

Age
0-1
1-4
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44 ..
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
(Median) . .

Ratio in
1901

1.20
1 07
1 01

86
85
.91
90
.97
98

1 01
1.04
1 05
1.08
1.09
1 09
1 08
1 10
1 10

(1.04)

Ratio in
1967

1 29
1 17
1 11
1 14
1 27
1 18
1 13
1 13
1 31
1 49
1 66
1 92
1 98
2.05
1 80
1 70
1 46
1 24

(1.30)

1967
further

adjusted'

1 29
1 17

1 14

1 18

(1 02)

(1 28)

(1 59)

(1.67)

(1 43)

(1 11)
(1.23)

1967
hypothetical
adjustment3

(1 29)
(1 17)

(1 14)

(1 .07)

(0.89)

1 00

(1 14)

(1.18)

(111)

(099)
(1.12)

1 With both deaths linked to cigarette smoking and deaths assigned to external
causes removed.

2 With deaths due to external causes and twice as many deaths as linked to
cigarette smoking removed.

sense—as an arithmetic mean—we
do not yet know the answer for any
group born in this century, since it is
not until almost all have died that we
will know enough to find an average.
(If we really meant "median" we
know the answer for those born in the
early and middle 1890's, where we
cannot yet be sure of the average.)
Such "cohort" figures—quite rele-
vant for individuals—are of little
help in watching changes in current
public health. After all they combine
what has happened to each cohort (at
various ages) over some eight or nine
decades.

As a result, most expectation of life
figures refer to some brief period of
time—often one year, sometimes
three years. What they tell us, for in-
stance, is the average age of death of a
composite person who spent all his or
her life in the short period. If the
period were January to December
1967, for example, this imaginary
person would be born on 1 January
and, if he or she lived to 31 Decem-
ber, would reappear again, 12 months
earlier, at 1 January of the same year,
aged exactly one year old, and so on,
each year of life being lived—or
terminating in death—in exactly the
same calendar year. Clearly this
measure makes it easier to watch
public health from year to year, since
it is calculated from observed deaths
in that year and that year alone.
(Events that were the underlying
causes of some of these deaths
happened a decade or more earlier.)
Equally clearly, it is at least
correspondingly harder to explain
just what we are talking about. (This
seems to be characteristic of meas-
uring life and death: the more useful
the measure, the harder it is to ex-
plain.)

PROFESSIONAL MEASURES

D e m o g r a p h e r s a n d
epidemiologists need to know about
deaths in greater detail than we will
really need here. They are likely to
use death-rates for, say, given age
and sex. This means, of a hypotheti-
cal 100,000 people, all of the given sex
and all having their nth—say
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their—58th—birthday on 1 January
of the year in question, how many
will die—or die of a given cause
during that year. (In practice results
are quoted for ages spread out to
some reasonable degree.) There is no
substitute for the use of death rates
by age if we need a detailed look at
what is happening. Fortunately we
will need to make only limited use of
death rates here.

Fortunately, also, if death rates at
all ages go up, the corresponding
expected years of life goes down,
while if death at all ages go down, the
corresponding expected years of life
goes up. Thus, it is usually safe to use
"live longer" as a shorthand for "all
death rates coming down" and "live
shorter" as a shorthand for "all death
rates going up."

IMPACT OF DEATHS

We said above that the difficulty
with merely counting deaths was
that it took no account of at what age
they occurred. There are various
ways to try to take account of this.
Some try to do it by assigning an

"economic value" to death at a given
age, often considering both what so-
ciety has spent (education, etc.) and
what the future return may be in the
absence of death (useful work, etc.).
We find none of these satisfactory for
our purposes here. Our considera-
tions are health considerations, and
we resist mixing in economic ones.

Our concern with causes of death is
to ask what would be the impact if
they were weakened or removed,
thus postponing some or all of the re-
lated deaths. What would this mean
in health terms?

The simplest—and most optimis-
tic way of valuing not dying at a
specific age is to calculate as if, were
death to be postponed at a given age,
those for whom it would be post-
poned would live as long as the aver-
age person of that age and sex. If the
cause of death that might be post-
poned has little connection with
general healthiness—as we would
expect for accidents, homicides, and
being struck by l ightning, for
example—this calculation should
come close to corresponding to the

EXHIBIT B-4
COMPARISON OF NUMBER OF DEATHS

WITH PERCENT OF DEATHS IN 1967
(FOR SELECTED CAUSES)

(1,852,000)

575,540
315,996
202,940

108,940
53,140
27,410
14,120
6,560
3,136
1,450
710
369
110
40
20

(Total deaths)

arteriosclerotic heart disease
cancer (all forms)
vascular lesions affecting

central nervous system
all accidents
motor vehicle accidents
cirrhosis of liver
rheumatic fever
tuberculosis
cancer of the liver
influenza
infectious hepatitis
complications of pregnancy
syphilis and sequelae
whooping cough
diptheria

(100.0%)

31 .0%
17.0%

11.0%
5.9%
2.9%
1 .5%

0.76%
0.35%
0.17%

0.078%
0.038%
0.020%
9.006%
0.002%
0.001%

truth. For other causes of death it
may be optimistic. But it is a well de-
fined calculation in any event, and
probably does quite well in making a
relatively satisfactory allowance for
the importance of death at different
ages.

To value each death from a given
cause in terms of the expected years
of life at that age and sex and to add
these values up to find a total value
associated with all the deaths is
numerically the same as to find an
average value, here an average years
of expected life for all the deaths, and
multiply the number of deaths by this
factor. We will often find it useful to
speak and think in this latter way.

Average years of expected life for a
cause of death, then, grade down
from largest values for causes of
early deaths to smallish values for
causes of late deaths. Some examples
are:

Cause of death Average years

deaths from oral
contraceptives 50

motor vehicle accidents 33
cancer of the lung 17
cardiovascular disease 11
adverse reaction to medication

in hospital 5

In the last example, we have made
a rough (judgment-based) correc-
tion for the fact that many deaths in
hospital linked to adverse reaction to
medication involve patients who
were, in any case, near death. So far,
this is the only case where such a
judgment-based assumption seems
justified.

NUMBER WHO MIGHT BE ALIVE

If our optimism were correct, and if
nothing changed—death rates and
population size remaining con-
stant—for many years, then the num-
ber of people who would be alive if
deaths associated with a cause of
death were eliminated, but who
would not be alive if these deaths
were not eliminated would just be
this product of annual number of
deaths by average years of expected
life at death. Accordingly, we refer to
this product as the "number of people



150

who might be alive." We would be
more concerned about the difficul-
ties of giving a precise and relevant
interpretation to this measure, and
about the approximations it in-
volves, were it not true that other
measures have, to greater or lesser
degree, the same difficulties. Expect-
ed years of life, for example, as we
have explained, refers to hypothet-
ical people living all their life in one
single calendar year. Indeed, careful
analysis shows that the calculation

of "number who might be alive" also
makes assumptions about how large
a fraction of less generally healthy
people have died in comparison with
more healthy ones.

Once we are prepared to assign an
"expected years of life" to a death
specified by age (and often, also, by
sex) we have only the arithmetic to
change when we want to use "expect-
ed years of life before age 75"—or be-
fore any other specified age—in its
place.

CHOSEN MEASURES

The result of these considerations
is thus two-fold. When, as we usual-
ly should, we want to give early
deaths a higher value, we use—and
recommend the use of—number who
might be alive (before age—). When
we feel that we must use as measure
tied as close to observation as we can,
we use—and recommend the use of
percent of all deaths.



151

APPENDIX C

DEATHS LINKED TO VARIOUS CAUSES

1. Introduction

Data from which we infer links
between exposures to various
chemicals and health come essential-
ly from systematic observations of
a s soc i a t i ons b e t w e e n k n o w n
exposu re s and the s ickness
experience (including deaths) of the
people exposed. Death is nearly
always accompanied by the filing of a
death certificate and death certifi-
cates almost always include expert
judgments of cause of death. The
latter are by no means perfect. Never-
theless, they are reasonably consist-
ent. Fashions in diagnostic nomen-
clature have changed over time, but
much is known about these changes
and standardization has been
increasingly imposed in recent years.

The quality of associations
between known exposures and
causes of d e a t h vary some-
what—both in strength of associa-
tion and in quality of data. Some
associations are well established and
result from multiple independent
observations (e.g., cigarette smoking
and lung cancer). Other possible
linkages are best classified as still
emerging (e.g., dietary composition
and cardiovascular disease). While
some associations suggest major
linkages (contribution of alcohol to
automobile accident deaths), others
are seen as almost overwhelmed in
the "noise" of more powerful factors.
(For example, any association
between urban residence, which
includes air pollution effects, with
diseases of the lung, is almost over-
whelmed by the association of these
diseases with cigarette smoking.)
Finally, while associations that
involve both only a small fraction of
the deaths from a specified cause and
death for a very small fraction of

those exposed are often important in
human terms, they may not be recog-
nizable, just because both fractions
are small.

2. What has been the general
mortality experience of
the United States?

The 1900 crude death rate for the
U.S. of 17.2 per 1,000 population fell
fairly consistently until the sixth
decade of this century. Various devi-
ations from this trend can be traced
to epidemics of infectious disease
which occurred from time to time
before the 1940's.

Between 1900 and 1960, large
relative declines in mortality took
place during infancy and childhood.
In absolute terms, however, the
decline's in mortality at older ages are
also substantial.

What is important for the present
discussion is to examine the changes
that have taken place in the rank
ordering of causes of death by
disease category:

These figures suggest several
messages. For the present purposes,
perhaps the most important are the
relative decline in importance of
infectious diseases as compared to
chronic degenerative diseases
(cancer, diseases of the heart, arterio-

EXHIBIT C-1

Deaths Per 1,000
Population

20 r~

15

10

I I I I
1900 1920 1940

Source: Various reports of the National Office of Vital Statistics.

1960
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sclerosis, cirrhosis). In 1900,
diseases of the heart caused eight
percent of the deaths in the United
States and cancer caused less than
four percent. By 1960 influenza and
pneumonia were the only infectious
diseases ranking in the top 10 causes
of death (together less than four
percent in 1969), while diseases of
the heart were responsible for over 38
percent of all deaths and cancer for
over 15 percent. These increases
were substantially greater than
could be accounted for by the
decreases in deaths from infectious
diseases and the increased fraction of
the population reaching advanced
ages.

Exhibit C-3 illustrates the rise in
cancer mortality with time. This

suggests to some, perhaps, that
cancer has simply "taken the place"
of other causes of death. However, as
Exhibit C-4 illustrates, a large part of
the absolute increase in cancer
deaths since 1900 cannot be
explained by the increase in the size
and age of the population.

3. Deaths linked to various
specific causes

a. Deaths Jinked to cigarette
smoking

There is by now considerable
quantitative evidence linking the
smoking of cigarettes to excess
deaths by various causes. This is so
while the mechanisms by which

EXHIBIT C-2

LEADING CAUSES OF DEATH IN THE U.S. 1900 AND 1960

Rank

1
2
3
4
5
6
7
8
9

10

Cause of death

1900

(All Causes)

Tuberculosis (all forms)
Gastritis, etc
Diseases of the heart
Vascular lesions affecting the CNS . .
Chronic nephritis
All accidents'
Malignant neoplasms (cancer)
Certain diseases of early infancy ....
Diphtheria

(TOTAL)

Deaths per
100,000 pop.

(1 719)
202.2
194.4
142.7
137.4
106.9
81.0
72.3
64.0
62.6
40.3

Percent of
all deaths

(100)
11 8
11.3
8.3
8.0
6.2
4.7
42
3.7
3.6
2.3

(64%)

'violence would add 1.4%; horse, vehicle and railroad accidents provide 0.8%.

1960

1
2
3
4
5
6
7
8
9

10

(All Causes)
Diseases of the heart
Malignant neoplasms (cancer)
Vascular lesions affecting the CNS . .
All accidents'
Certain diseases of early infancy
Pneumonia and influenza
General arteriosclerosis
Diabetes mellitus
Congenital malformations

(TOTAL)

(946)
366.4
147.4
107.3
51.9
37.0
36.0
20.3
17.1
12.0
11.2

(100)
38.7
15.6
11.3
5.5
3.9
3.5
2.1
1.8
1.3
1.2

(85%)

'violence would add 1.5%; motor vehicle accidents provide 2.3%; railroad accidents
provide less than u.1%.

smoking causes excess early deaths
are uncertain and though some
experts continue to doubt that
relationship.

We have adopted figures published
in the World Health Organization's
Chronicle for 1970 as a basis of cal-
culation. We have also taken the
fraction of smokers to be half of all
adult males and a quarter of all adult
females. (The correct period over
which such fractions should apply
would be some years before the date
(1967) of our death information. A
Bureau of the Census Study in 1955
gave 49.8 percent of males and 23.6
percent of females as cigarette
smokers.)

The proportion of deaths attrib-
utable to smoking were obtained
from Table 5, page 349, of theW.H.O.
Chronicle, Vol. 24, No. 8, 1970.

Only causes with a mortality ratio
of 1.3 or more have been included.
Other causes mentioned in the article
corresponded to very low pro-
portions of linked deaths (for a popu-
lation of whom 50 percent smoke; 17
percent of deaths by accidents,
suicides or violence, 10 percent of
nephritis deaths, six percent of
rheumatic heart disease deaths, and
two percent or less for certain other
forms of cancer).

Since the seven prospective
studies summarized in the WHO
article involved primarily males, two
exhibits have been prepared, one for
males only and one for total deaths
assuming the proportions computed
from Exhibit C-5 also apply to
females.

Neither the WHO article nor the
two exhibits presented here take age
into account. All of the estimates
should therefore be viewed as
approximations only.

Exhibit C-5 illustrates the effects
of smoking calculated for different
assumptions about the proportion of
smokers in the population. The pro-
portion of deaths linked to smoking is
reduced as the assumed number of
smokers in the population is
decreased.

Exhibits C-6 and C-7 present the
numbers of linked deaths in the U.S.



EXHIBIT C-3

Mortality from all Causes and from Cancer, United States, 1900-1960

Deaths per 100,000
population
(logarithmic scale)

2,000

1,200

800

400

120

80

All Causes

Cancer

1900 1920 1940 1960

Source: Various reports of the National Office of Vital Statistics.

(Rates since 1949 have been adjusted to the Fifth Revision of the
International List of Diseases and Causes of Death).

EXHIBIT C-4

NUMBER OF DEATHS FROM CANCER OF ALL SITES,

U.S. DEATH REGISTRATION
AREA OF 1900,1909-60

80,000 -

1900 '10 '20 '30 '40 '50 '60

Residual
Increase

Increase Due to
the Aging of the
Population

Increase Due to
Growth of the
Population

Cancer Deaths
in 1900

Source: Cancer Rates and Risks, Public Health Service
Publication No. 1148

cn
OJ
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in 1967, based on the 50 percent and
25 percent proportions mentioned
above.

b. Deaths linked to alcohol abuse

Exhibit C-8 shows the number of
1967 deaths that can be attributed to
abuse of alcohol. Over 13,000 deaths
occurred from diseases directly
linked to alcoholism (mainly
cirrhosis of the liver and chronic
alcoholism). About twice as many
deaths are attributable to driving a
motor vehicle under the influence of
alcohol. These deaths include not
only single vehicle accidents in
which the driver was fatally injured
while under the influence, but also
deaths of other occupants, either of
the single vehicle or of other vehicles

when the drunken driver was at
fault. They also include pedestrians
killed when the driver of the vehicle
was under the influence. Numerous
studies have shown that overuse of
alcohol is a significant factor in
approximately half of accidental
deaths associated with motor
vehicles.

The proportions of other deaths
(other accidents, suicide, homicide)
linked to abuse of alcohol are
estimates based on judgment, not yet
supported by systematic epi-
demiologic studies.

c. Deaths Jinked to dietary
composition

The best available opinion is that a
fair proportion of "heart" deaths

EXHIBIT C-5

THE PROPORTION OF ALL DEATHS FROM THE INDICATED
CAUSE LINKED TO SMOKING AS A FUNCTION OF THE PROPORTION

OF THOSE IN THE POPULATION WHO SMOKE1

Cause of Death

larynx

kidney

prostate
other (excluding rectum

and intestine)

Vascular lesions .
ArtGriosclerotic heart disease
Other heart

General arteriosclerosis
Other circulatory ... . . . .

Bronchitis and emphysema

Cirrhosis of the liver ...

Proportion Smoking

100%

.91

.81

.76

.70

.48

.34

.31

.20

.30

.21

.42

.39

.35

.32

.61

.84

.64

.55

.27

75%

.90

.76

.71

.64

.41

.28

.25

.16

.24

.17

.35

.32

.29

.26

.54

.80

.57

.48

.22

50%

.86

.68

.61

.54

.32

.20

.18

.11

.18

.12

.27

.24

.21

.19

.44

.72

.47

.40

.16

25%

.72

.52

.44

.37

.19

.11

.10

.059

.097

.06

.15

.14

.12

.11

.28

.57

.31

.23

.085

1 If the risk of death from the indicated cause is R times as great for each smoker as for
each nonsmoker, and a fraction f of the population smoke, then the number of excess
deaths linked to smoking is proportional to (R-l)f and the fraction of all deaths from
the indicated cause linked to smoking is

( R - l ) f = ( R - l ) f

(1 -f) + Rf 1 + (R - l)f

(those classified as cardiovascular)
are linked to long-term dietary
composition. The long-term studies
needed to establish what fraction is
actually linked to which dietary
components are barely begun. (These
studies may not yet include the
possible effects of carbohydrates in
general, and sucrose in particular, in
addition to the central issues of
cholesterol and fats of various
degrees of saturation.)

It must be stressed that we are not
yet clear what to do to reduce what-
ever amount of early deaths come
from this cause.

With an average of about 11 years
of expected life at the time of death
from coronary heart disease, an
estimate of about 400,000 linked
deaths leads us to a possible four or
five million persons who would
perhaps be alive today, if we had
known what they should avoid, if we
had told them, and if they had chosen
to avoid what they were told to
avoid—each of these three if's all
through this century.

d. Cancer deaths possibly linked
to chemicals

This is a very large question mark,
as indicated in Chapter 5. There are
many opinions and no hard data.

e. Deaths linked to "adverse
drug reactions"

The most rigorous studies on
deaths from "adverse reactions to
therapeutic drugs" that have been so
conducted as to give a reasonable
e s t i m a t e of r a t e s have been
conducted in medical wards of
teaching hospitals. They show one
such death for each few hundred
admissions. The best available judg-
ment is that rates are somewhat
higher on surgical wards and in non-
teaching hospitals. With 20 million
hospital admissions per year, this
amounts to nearly 100 thousand
deaths.

In thinking about this figure it is
important to recognize that it
includes deaths from overloaded
circulation. Such deaths make up a
significant share of those included,



EXHIBIT C-6

NUMBER OF MALE DEATHS IN 1967
LINKED WITH SMOKING FOR VARIOUS PROPORTIONS OF SMOKERS

Cause of Death

Cancer of lung ...
larynx
oral cavity
esophagus
bladder
kidney . . . ...
stomach
prostate
other*

Total Cancer

Vascular lesions
Arteriosclerotic heart disease
Other heart
Hypertensive heart disease
General arteriosclerosis
Other circulatory

Total cardiovascular

Bronchitis and emphysema ...
Stomach and duodenal ulcers
Cirrhosis of liver
Influenza and pneumonia

TOTAL

Proportion Smoking

75%

40,845
1,876
3,559
2,756
2,468
1,034
2,599
2,615

12,992

70,744

15,822
120.804
13,815
4,828
4,313
9,586

169,168

17,206
3,872
8,593
7,019

276,602

50%

39,029
1,678
3,058
2,325
1,926

739
1,871
1,798
9,744

62,168

11,169
93,192
10,361
3,496
3,152
7,811

129,181

15,485
3,193
7,161
5,105

222,293

25%

32,676
1,283
2,206
1,593
1,144

406
1,040

964
5,251

46,563

5,584
51,773
6,044
1,998
1,825
4,971

72,195

12,259
2.106
4,118
2,712

139,953

EXHIBIT C-7

DEATHS LINKED WITH SMOKING, 1967
ASSUMING 50% OF MALES AND 25% OF FEMALES SMOKE

Cause of Death

Cancer of lung .
larynx
oral cavity
esophagus . . .
bladder
kidney . . .
stomach
prostate
other

Total Cancer

Vascular lesions
Arteriosclerotic heart disease . . .
Other heart
Hypertensive heart disease
General arteriosclerosis
Other circulatory

Total cardiovascular

Bronchitis and emphysema . .
Stomach and duodenal ulcers. . . .
Cirrhosis of liver
Influenza and pneumonia

Males
50%

39029
1 678
3058
2325
1 926

739 '
1 871
1 798
9,744

62,168

11 169
93,192
10,361
3,496
3 152
7811

129,181

15485
3 193
7 161
5.105

Females
25%

6497
171
750
505
521
242
665

4,234

13,585

6547
34200
5,711
3999
2307
3414

56,178

2214
940

2,280
2.124

Total
Deaths

45526
1 849
3,808
2830
2447

981
2536
1,798

13,978

75,753

17,716
127,392
16,072
7,495
5459

11 225

185,359

17699
4,133
9,441
7.229

TOTAL 222,293 77,321 299,614

01
01
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and should probably be considered
cases of unsuccessful treatment
rather than of untoward reaction
toward medicine. They have been
excluded from our considerations.

As a rough judgment, then, we
have assigned 75 thousand deaths a
year—the figure corresponding to the
latest studies—to untoward or
unsatisfactory reactions to medi-
cines. This figure is unlikely to be
twice too high. It might be twice too
low. A large fraction, perhaps a half,
of these deaths, appear to come from
cases where very potent drugs were
given in an attempt to treat very sick
patients. (The official list of causes of
death includes "therapeutic mis-
adventures linked to drugs." In 1967
such deaths totaled 640. Clearly, we
judge this figure to be very low, as the
rules defining the official causes of
death would lead us to expect.

f. Deaths linked to illicit drugs
This covers illicit use of narcotic

and addicting substances—some of
which are legally manufactured but
wrongfully used (e.g. some uses of
morphine) and some of which are
illegal. The deaths associated with
their use or abuse are of various
sorts; direct action (as in accidental
poisonings or suicides) or indirect

but contributing influences (such as
automobile accidents).

Reliable figures describing deaths
due to narcotic drug use are generally
not available. The recent experience
of one U.S. city (as seen from figures
compiled from death certificates for
1971) suggested that there were
about 2 deaths with drug addiction as
an indirect cause for each 5 deaths
with it as a direct cause. Since about
80 percent of these indirect-cause
deaths were homicides, and since at
least an equal number of non-
drugged victims of homicides by
drug abusers were to be expected, we
would expect at least 3.6 homicides
linked to drug abuse for each 5 direct
drug deaths. Linking 10 percent of all
homicides matches this figure rather
closely. Judgment-based factors
were used for linkage of accidents
and for suicides involving analgesic
and soporific substances. Exhibit C-9
shows the results, totaling 6,141
linked deaths. This total number of
deaths stated as linked to drugs, is, in
our opinion, likely to be low.
Accordingly, we have used 10,000 in
Chapter 5 and Appendix B.

g. Deaths Jinked to air pollution

As Exhibit C-10 shows, deaths that
could be specifically linked to air

pollution in 1967 are estimated to be
about 9 thousand. The proportion of
deaths due to nonspecific lung
diseases linked to air pollution is
based on surveys of living persons in
which careful smoking histories and
o c c u p a t i o n a l h i s to r i e s were
o b t a i n e d , so tha t p u l m o n a r y
symptoms and impairment could be
related to the relative risks of
cigarette smoking, other tobacco
smoking, occupational exposure, and
community air pollution exposure.
(No large scale study of deaths from
these diseases thus far completed has
been designed to permit separation of
these factors.) Both for these diseases
and for lung cancer it is known that
cigarette smoking is far more
important than community air
pollution.

Although no epidemiologic study
in this country has demonstrated an
effect of community air pollution on
lung cancer, we have used a
proportion of five percent, since an
"urban factor", which has to include
any effect of air pollution, appears to
play a role in lung cancer incidence.

h. Deaths linked to airborne
particles (occupational
Jung diseases]

The gross inadequacy of reporting

EXHIBIT C-8

DEATHS LINKED TO ALCOHOL, 1967

Cause of deaths

alcoholism
cirrhosis with mention of alcoholism

cancer of oral cavity
motor vehicle accidents

homicide

TOTAL

Estimated
proportion
linked to
alcohol

1
1
1
1
.1

.5
2
.2
.2

Male
deaths

552
2,300
6,528
4,306
5,013

38,133
39,746
15,182
10,228

Linked
deaths,
male

552
2,300
6,528

400
500

19,100
7,900
3,000
2,000

42,300

All deaths
both
sexes

599
2,982
9,555
5,627
6,718

52,924
60,245
21,325
13,425

Linked
deaths
both
sexes

599
2,982
9,555

600
700

26,500
12,000
4,300
2,700

59,900
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EXHIBIT C-9
DEATHS LINKED TO ABUSE OF ILLICIT DRUGS FOR THE YEAR 1967

Cause of Death

Drug Addiction
Accidental poisonings linked to

drugs
Suicide from poisonings linked to

analgesic and soporific
substances . . . .

Homicides
Motor vehicle accidents
Other accidents

Males

153

1,090

985
10,228
38,133
39,746

Females

49

770

1 794
3,197

14,791
20,499

Fraction
linked

1.0

1.0

04
01

0.02
0.01

Number
linked

202

1 860

1 076
1 343
1 058

602

Total 6,141

on occupational exposures as
primary or contributory causes of
death is well known. Numerous other
sources of information must be
used . . . prevalance surveys, studies
of compensation claims where
pulmonary disease is legally
recognized to be caused by occupa-
tional exposure, and others. Chronic
and potentially fatal lung disease is
known to occur in many industries,
from inhalation of specific particles,
fumes, or vapors. Lung cancer,
fibrosis, and other forms of lung
disease may occur in response to
inhalation of coal dust, silica,
asbestos, cotton dust, beryllium, and
many other chemicals. There are
estimated currently to be 125,000
cases of coal miners ' pneu-
moconiosis in this country, with an
estimated 3 to 4 thousand deaths
each year in which the pneu-
moconiosis was in fact either the
underlying or a contributory cause of
death. Over 2,000 new cases of
silicosis are diagnosed each year,
with about an equal number of
d e a t h s . A s b e s t o s - l i n k e d
deaths—including asbestosis, lung
cancer, and mesothelioma—probably
amount to a further 2,000 deaths a
year.

From these kinds of admittedly
.incomplete information on various
kinds of occupational lung disease,

we estimate that at least 9,000
persons die each year with occupa-
tional lung disease as a primary or
contributory cause of death.

i. Suic ides l i n k e d to other
chemicals

The following figures apply to
suicides by chemical means (U.S.
1967, number linked to the nearest
10):

cance r , however , showed an
unexpected role for coffee drinking
and it now appears likely that his
commonly used beverage will receive
much attention as a possible source
of adverse effects on health. Our
estimates of deaths linked to coffee
drinking—24 percent of male deaths
and 49 percent of female deaths from
cancer of the bladder, giving 1,445
and 1,344 = 2,800—are based on

Suicides by
Analgesics and

soporifics
Solids and liquids
Gases and vapors

Round total —

Males

815
339
1715

Females

1794
317
635

Fraction
linked

.6
1.0
1.0

Number
linked

1670
660
2350

4700

/. Deaths linked to drinking
coffee

Until recently coffee drinking did
not receive much attention as a factor
which might be causally linked with
degenerative deseases, although the
ingredient caffeine was known to be
mutagenic in certain experimental
systems. A recent study of bladder

Accidents from
Solids and liquids
Gases and vapors

Round total

findings of the bladder cancer study
and do not take into account other
possible effects.

k. Accidental deaths linked
to other chemicals

The following figures apply to
accidental deaths from other
chemical substances (U.S. 1967):

Males

416
1168

Females
230
406

Total

646
1574

2200

628-750 O - 73 - 12
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1. Deaths Jinked to oral contra-
ceptives

We have taken the number of
deaths linked to oral contraceptives
as 10 percent of the deaths from
phlebit is and thrombophlebi t is
combined. This gives about 150
deaths a year. We have made no
attempt to express numerically the
risk from not using contraceptives,
which may well outweigh the risk
assessed; it is also important to real-
ize that there may be other risks, as
yet unidentified, from taking them.

m. Deaths Jinked to recentJy
public-noticed chemicaJs

Three chemicals recently subject to
regulation for possible adverse
effects on health are mercury, DDT,
and diethylstilbesterol (DES). Each
chemical has very important
commercial uses, but each is
unwanted as a contaminant of human
food. Our only concern in this
chapter is whether there was likely to
be a health effect at the levels
consumed,

In the case of methylmercury,
swordfish was banned from our food
supply because samples from sword-
fish frequently exceeded the
tolerance for mercury in food. This
might have constituted a hazard for
people who depended on swordfish
as their major source of protein, but it
could hardly have had any impor-
tance to the occasional consumer.

With respect to DDT, no evidence
thus far has been found that current
levels of body storage have any effect
on health. If there were an effect from
DDT stored in our bodies, it would
probably escape detection because of
the universality of exposure. Much
higher levels than those in the
general population have occurred for
years in persons occupationally
exposed to DDT, with no overt sign of
toxicity.

In regard to diethylstilbestrol, this
synthetic estrogenic compound has
long been known to produce cancer in
animals. It apparently has also pro-
duced a small epidemic of vaginal
cancer in young women due to the use
of the compound twenty to thirty
years ago in treating the mothers of
these young women during
pregnancy. The doses administered
to these women were truly massive
compared to the traces that might be
derived from consumption of meat
from farm animals treated with this
compound.

4. A general caveat

The figures discussed in this
appendix are clearly, from the
discussion above, based on a mixture
of epidemiological studies and
professional judgment. They are not
claimed to be either precise or
accurate. Almost any single figure
could be refined somewhat by careful
study, and new knowledge is to be

EXHIBIT C-10
DEATHS LINKED WITH AIR POLLUTION, 1967

Cause of death

Asthma
Bronchitis
Other bronchopulmonic .
Cancer of lung

Total

Estimated
proportion
linked with
pollution

.15

.15

.05

Deaths
U.S., 1967

4,137
6,264

54,407

Linked
deaths

620
940

2,720

8680=8700

expected to make substantial
changes in many if not in most of
them.

It is easy to point out areas of
significant uncertainty. We know, for
example, that those who smoke
heavily are more likely to drink
heavily and consume much coffee. As
a result of this sort of association, we
are somewhat uncertain as to how to
link many deaths—to smoking, to
alcohol, to coffee drinking. Future
studies will gather data in forms that
will help to resolve such uncer-
tainties.

Our calculations are made with
seeming accuracy. But our displays,
both in Chapter 5 and Appendix B,
are only given to one or two figures.
Our conclusions—and, we believe,
the feelings and conclusions of our
readers—would not be appreciably
changed by doubling some figures
and halving others. Accordingly, we
feel that the figures presented are
adequate to set the general per-
spectives so important to us all.

We hope that, as the years and
decades pass, figures of these sorts
will become more accurate, and
thereby at least somewhat more
useful.

A further warning has to be given
concerning the f igures, to be
considered below, of "thousands who
might be alive." Lacking other
evidence, almost all calculations
have had to be made as if the age
distribution at death of those whose
deaths are linked through a specified
cause of death to some threat were
the same as the age distribution of all
deaths from that cause. (Where this
approximation seemed likely to be
poorest, i.e., deaths linked to oral
contraceptives and adverse drug
reactions, we have resorted to judg-
ment estimates as undoubtedly more
accurate.)

When the results of epidemio-
logical studies begin to be reported in
a form appropriate to such calcu-
lations, there will undoubtedly be
moderately substantial changes in
the numbers of thousands that might
be alive. However, as in the case of
linked deaths, we feel that the figures
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presented are (a) somewhere near the
best available and (b) good enough
for the purposes of general perspec-
tive.

5. Comparing the three patterns of
mortality

In Appendix B we discussed the
differences in the numbers of people
who might have been alive (say in
1970):

• g i v e n 1901 d e a t h r a t e s
throughout

• given actual death rates

• given 1967 death rates through-
out.

The basic data for this calculation
consists of:

• the 1901 and 1967 life tables

• a "cohort" life table (that gives
survivorship for cohorts of people
born on different round dates)

• the distribution of ages of the
population in 1970.

The calculations required are
simple, and almost straightforward.
Let us look at age 40 (in 1970), The
numbers surviving out of 100,000
white female births are:

67,935 (on the 1901 life table)
90,570 (on a cohort table for those

born in 1930)
95,654 (on the 1967 life table).

The first of these is 75 percent of the
second, so we conclude that 25
percent of white females 40 years old
in 1970 would already have died had
1901 death rates continued. The third
is 105.6 of the second, so we conclude
that 5.6 percent more white females
aged 40 (in 1970) would have been
alive, had the 1967 death rates
applied throughout their lives. The
corresponding figures for age 50 (in
1970) are:

61,005 (on the 1901 life table)
84,738 (on a cohort table for those

born in 1920)
92,757 (on the 1967 life table)
—28.0 percent
9.5 percent.

Simple interpolation now gives:

1901 to cohort

age 40 —25.0%
ages 40-45 —25.8%

age 45 —26.5%
ages 45-50 —27.2%
age 50 —28.0%

cohort to 196?

5.6%
6.6%

7.6%
8.6%

9.5%

In 1970, the census estimated that
there were 5,412,000 white females
aged between 40 and 45. Had the 1901
death rates applied throughout
instead of the cohort rates, 25.8
percent—or 1.40 million—of these
would have already been dead. Had
the 1967 death rates applied through-
out, 6.6 percent—or 0.36 million more
would have been alive.

Exhibit C-ll shows the full details
of the calculation for white females.
That for white males is similar. Since
a convenient cohort table for non-
whites was not at hand, but 1901 and
1967 life tables were available for
nonwhites of each sex, an approxi-
mate calculation was made, dividing
each total change into two portions,
one from 1901 to cohort and the other
from cohort to 1967, in about the
same proportions as for whites of the
same sex. Exhibit C-12 shows the
results both separately by sex and
race, and combined, for various
terminal ages.

6. Calculation of number who
might be alive

The basic quantities used in cal-
culating "the number who might be
alive," in addition to the number of
linked deaths discussed above, are
the distribution of deaths by age, for
each cause of death in question, and
the expectation of life for that sex and
age. Since deaths by cause were
available by 5-year age groupings,
the calculations were organized in
their terms. Exhibit C-13 illustrates
the detailed calculations for two
cases: all male deaths and male
motor-vehicle-accident deaths.

PRE-ADULT DEATHS

For many of the causes of death
that concern us, almost all who die

are adults. There are exceptions,
however, and we need to notice how
they ought to affect our calculations.

B r o n c h i t i s ( c h r o n i c a n d
unqualified) is a good extreme
example, where female deaths in
1967 were 104 up to age 19 and 1,159
at age 20 and beyond. The corre-
sponding contributions to the total
expected years of life were 7,475 from
those dying by 19 and 16,980 for
those dying later. What figure ought
we take for average expected years of
life at death (particularly if we think
early deaths are not linked to the
threat)? Should it be

" 1967)

as we could get by considering all
ages, or

4^^=14.65 years (females in 1967}

as we would get by considering only
those dying at or after age 20 — or
should it be something different from
both of these?

Our concern with acute bronchitis
deaths arises mainly in connection
with community air pollution. The
proper answer to what average
expected years of life we should use
depends upon just how the studies
comparing deaths for polluted and
unpolluted areas were done. If, as
seems most likely, these studies
concentrated on adult deaths only,
the fraction of linked deaths drawn
from these studies would most
properly be applied to adult deaths.

If we believe that deaths from
bronchitis (chronic or unqualified) at
ages up to 19:

• do not include any appreciable
number of deaths that should be
linked to air pollution;
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EXHIBIT C-11

CALCULATION OF INCREASES OR DECREASES IN THE NUMBER OF WHITE

FEMALES ALIVE IN 1970 IF EITHER 1901 OR 1967 LIFE TABLES

HAD APPLIED THROUGHOUT (PARENTHETIC VALUES INTERPOLATED)

Age

0

10

20

30

40

50

60

70

80

90

Survivors of 100,000*
1901

100,000

81,723

78,978

73,887

67,935

61,005

50,752

35,200

15,319

2,322

cohort

100,000

97,578

96,680

94,073

90,570

84,738

72,804

55,890

29,670
(16,200)

6,414

1967

100,000

98,928

97,508

96,850

95,654

92,751

86,437

73,286

46,881

29,303

Chan
1901

0.0
(-8.1)

-16.2
(-17.2)
-18.3
(-19.9
-21.5
(-23.2)
-25.0
(-26.5)
-28.0
(-29.2)
-30.4
(-33.8)
-37.0
(-42.5
-48
(-56)
-64

e in %a

1967

0.0
(0.2)
(0.4
(0.6)
0.9
(1.9)
3.0

(-4.3)
5.6

(7.6)
9.5

(14.1)
18.7

(24.9)
31.1
(44.0)
58

82

Same for 5-
year blocks

-4.0 0.1
-12.2 0.3
-16.7 0.5
-17.7 0.7
-19.1 1.4
-20.7 2.4
-22.4 3.6
-24.1 5.0
-25.8 6.6
-27.2 8.6
-28.6 11.8
-29.7 16.4
-32.2 21.8
-35 28.0
-40 37.6
-45 51
-52 70
-60 100
-70 120

Pop'n3

in 1970

7.049
8.264
8.647
8.079
7.381
5.962
5.042
4.936
5.412
5.558
5.169
4.696
4.157
3.491
2.874
2.114
1.318

.890

Numbers3

changed

-.28
-1.00
-1.45
-1.43
-1.40
-1.24
-1.13
- .19
- .40
- .51
- .48
- .39
-1.34
-1.22
-1.15

-.95
-.69

-.62

.01

.02

.04

.06

.10

.14

.18

.25

.36

.48

.61

.67

.91

.98
1.08
1.08
.93

1.06

Totals through 65
Totals of all

16.24
20.87

3.82
8.95

"According to three ("1901 "from James W. Glover 1921, United States Life Tables 1890, 1901, 1910 and 1901.
life Tables: ("cohort" fromiMllbank Memorial Fund Quarterly

("1967" from Vital Statistics of the United States, 1967.
JFrom "cohort"
3ln millions

• were excluded from the calcu-
lation of the linking factor,

the most appropriate total expected
years of life at death linked to air
pollution (=number who might be
alive) is to be found from:

(linking factor) (total expected
years after deaths at > 20)

which can be written as

(linking factor) (total
deaths at all ages)
as used earlier in this appendix,
times

total expected years after deaths at > 20)
(total deaths at all ages)

this last factor being

16980
104 +1159

in our example.

13.44 years (females in 1967)

EXHIBIT C-12

COMPONENTS AND TOTAL INCREASES AND DECREASES

IN NUMBERS ALIVE IN 1970 IF EITHER 1901 OR 1967

LIFE TABLES HAD APPLIED THROUGHOUT

(IN MILLIONS OF PEOPLE)

If 1901 life tables had applied throughout (losses)

All

39.74
4.22
2.57
.96

47.49

Ages to 65
65 to 75
75 to 85
85 on

All ages

White

Females
16.24
2.37
1.64
.62

20.87

Males
14.81

1.26
.68
.24

16.99

Non-white

Females
4.39

.35

.15

.06

4.95

Males
4.30

.24

.10
0.4

4.68

If 1967 life tables had applied throughout (gains)

9.59
3.97
3.27
1.55

18.38

Ages to 65
65 to 75
75 to 85
85 on

All ages

3.82
2.06
2.01
1.06

8.95

4.19
1.44
.96
.34

6.93

.83

.26

.18

.10

1.37

.75

.21

.12

.05

1.13
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If we believed that the study had
included deaths before 19, but that
air pollution had not contributed to
such deaths, we ought to use 14.65
years, instead of 13.44 years.

We have generally chosen to use
average expected years of life of the
form giving 13.44 years in the
example, making exceptions for
homicides and for all forms of
accident, where the risks clearly fall
upon all ages. The overall changes
due to taking the other choice would
be small (we have selected a rather
extreme case as an example) and
would increase the numbers who
might be alive somewhat.

7. Details for specific threats

a. Cigarette smoking
Exhibit C-14 shows the details of

the calculation for females and
deaths linked to cigarette smoking.
Exhibit C-15 summarizes the
cigarette smoking picture.

b. Alcohol abuse
Exhibit C-16 summarizes the situ-

ation.

c. Dietary composition
No figures presented in view of

uncertainty of total impact.

EXHIBIT C-13
CALCULATION OF AVERAGE EXPECTED

YEARS OF LIFE AT DEATH FOR:
(A) ALL MALE DEATHS

(B) ALL MALE MOTOR-VEHICLE-ACCIDENT DEATHS

ALL MALE DEATHS (1967)

Total expected years of life at death

d. Cancer possibly linked to
chemicals

Uncertainties even greater than for
dietary composition, no figures pre-
sented.

e. Adverse reactions to medication
Here we have used a round,

judgment-based figure of 5 years of
expected life at death. An alter-
native approach would have been, for
example, to assign zero years of
expected life to one-third of the
deaths, one year to another third, and
normal expectation of life for age and
sex to the remaining third. Doing this
for the 23 deaths not from fluid over-
load in the latest published study,
would have led to a line in exhibit B-l
reading

460 430 300 170 .
to medication

instead of the line given, namely

3 7 5 ? ? ? adverse reactions 7
to medications

Age
Range

0
1
2
3
4

5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
90-94
95-99
Totals
Years

No. of
Deaths

45442
2767
1917
1601
1366
5191
5170
13047

14138
11217

11701
17472
28273
42771
62592
85994
106492
122632
138250
132744

103919

60651
24084

5400

(1044831)

Years
to 65

2671989
162146
110611
90937

76223
274604
248160
563630
545727

381378

341669
429811
565460
667228
701030
584759
265581

0
0
0
0
0
0
0

(8670943)

8.30

Years
to 75

2917376
177365
120963
99582

83599
302116
276078
634084
622072

441950

407195
527654
729443
919577
1089100
1169518
1054270
760318
331800

0
0
0
0
0

(12664062)

12.12

Years
to 85

3030981
184282
125947
103585
87014
315613
289520
668006
658831
472236

438788

576576
808608
1043612
1276876
1444699
1448291
1299899
1092175
690269
218230

0
0
0

(16274038)

15.58

Years
Ever

3062790
185942
127097
104705
87970
319247
292622
677139
670141

480088

446978
587059
825572
1073552
1326950
1513494
1544134
1434794
1299550
982306
581946

248669
77069
7560

(17957376)

17.19

Note: 8.30 = 8670943/1044831 17.19 = 17957376/1044831.

/. Illicit drug abuse
Exhibit C-17 summarizes the

situation.
g. Community air pollution
Exhibit C-18 summarizes the

situation.
h. Airborne particles (occupa-

tional]
Since the age distribution of deaths

from pneumoconioses was not avail-
able, we have borrowed the age
d i s t r i b u t i o n o f d e a t h s f o r
emphysema in males, as a rough
approximation. For 10,000 males,
this gives 32, 75, 123, and 147
thousand who might be alive up to
ages 65, 75, and 85, and for all ages.

i. Suicides involving chemicals
Here the numbers of deaths, after

transferring 40 percent of those with
analgesic and soporific drugs to
illicit drug abuse, were 2,590 males
and 2,027 females. Applying the age
distribution for all suicides involving
chemicals (as had to be done with



MOTOR-VEHICLE-ACCIDENT DEATHS EXPECTED YEARS OF LIFE

Total expected years of life at death childhood included

Age No. of
Range Deaths

0
1
2
3
4

5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
90-94
95-99
Total

Years
Factor

159
201
275
293
258

1306
1177
5942
6227
3322
2367
2117
2140
2111
2033
1798
1669
1429
1273
1038
666
244
60
8

38113

Years
to 65

9349
11779
15868
16642
14396
69087
56496

256694
240362
112948
69116
52078
42800
32932
22770
12226
4006

0
0
0
0
0
0
0

1039550

27.28
3.287

Years
to 75

10208
12884
17353
18225
15790
76009
62852

288781
273988
130887
82372
63933
55212
45387
35374
24453
16523
8860
3055

0
0
0
0
0

1242144

32.59
2.689

Years
to 85

10605
13387
18068
18957
16435
79405
65912

304230
290178
139856
88763
69861
61204
51508
41473
30206
22698
15147
10057
5398
1399

0
0
0

1354746

35.55
2.282

Years
Ever

10717
13507
18233
19162
16615
80319
66618

308390
295160
142182
90419
71131
62488
52986
43100
31645
24201
16719
11966
7681
3730
1000
192

11
1388171

36.42
2.119

Males

Age
Range to 65 to 75 to 85

0
1
2
3
4

5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
90-94
95-99

Totals
Years

58.8
58.6
57.7
56.8
55.8
52.9
48.0
43.2
38.6
34.0
29.2
24.6
20.0
15.6
11.2
6.8
2.4
nil
nil
nil
nil
nil
nil
nil

64.2
64.1
63.1
62.2
61.2
58.2
53.4
48.6
44.0
39.4
34.8
30.2
25.8
21.5
17.4
13.6
9.9
6.2
2.4
nil
nil
nil
nil
nil

66.7
66.6
65.7
64.7
63.7
60.8
56.0
51.2
46.6
42.1
37.5
33.0
28.6
24.4
20.4
16.8
13.6
10.6
7.9
5.2
2.1
nil
nil
nil

Females

Ever to 65 to 75 to 85 Ever

67.4
67.2
66.3
65.4
64.4
61.5
50.5
51.9
47.4
42.8
38.2
33.6
29.2
25.1
21.2
17.6
14.5
11.7
9.4
7.4
5.6
4.1
3.2
1.4

61.2
60.8
60.0
59.0
58.0
54.6
50.1
45.2
40.4
35.6
30.8
25.9
21.2
16.6
11.8
7.2
2.5
nil
nil
nil
nil
nil
nil
nil

68.4
68.0
67.2
66.2
65.2
62.4
57.4
52.5
47.7
42.9
38.1
33.3
28.7
24.2
19.7
15.4
11.0
6.8
2.4
nil
nil
nil
nil
nil

73.0
72.6
7.18
70.8
69.8
67.0
62.0
57.2
52.4
47.6
42.8
38.1
33.5
29.0
24.7
20.6
16.6
12.8
9.3
5.8
2.2
nil
nil
nil

74.4
74.2
73.2
72.3
71.4
68.4
63.6
58.7
53.9
49.1
44.3
39.6
35.0
30.6
26.3
22.2
18.3
14.7
11.5
8.6
6.2
4.4
2.4
1.5

Note: 27.28=1039550/38113, 3.287=27.28/8.30, 2.119=36.42/17.19
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those transferred, as well) yields the
following thousands who might be
alive:

;. Coffee drinking
Using the linked deaths stated in

(j) of Section 3 yields the following
figures for the thousands who might
be alive:

k. Accidents with chemicals

Here the thousands who might be
alive run as follows for accidents
with gases and vapors:

Deaths In
1967
2590 males
2027 females

Total

Deaths in
1967

1445 males
1344 females

Total . . .

Deaths in
1967

11 68 males
406 females

Total

Up to
65

42
34

76

Up to
65

2.5
2.6

5.1

Up to
65

25
10

35

Up to
75

56
48

104

Up to
75

7.2
6.7

13.1

Up to
75

32
13

45

Up to
85

64
58

122

Up to
65

12.8
16.6

25.4

Up to
85

35
14

49

All
ages

66
61

127

All
ages

15.4
16.3

31.7

All
ages

36
15

51

EXHIBIT C-14

CALCULATION OF NUMBER WHO MIGHT BE ALIVE
(FEMALES, CIGARETTE SMOKING)

(1967)

Cause

Cancer of

larynx
oral cavity . . . .

bladder
kidney

(TOTAL cancer)

Vascular lesion ....
Arteriosclerosis . . .
Other heart
Hypertensive heart .
General arteriosc. . .
Other circulatory. . .

Linked
deaths

6497
171
750
505
521
242
665

4234

6547
34,200

5711
3999
2307
3414

Average expected years Thousands who might be alive
to 65

5.94
6.12
5.11
4.23
1.79
3.45
2.78
5.22

to 75

11.51
12.34
10.09
8.97
4.80
7.59
6.28

10.04

to 85

16.64
17.57
14.94
13.86
9.22

12.39
10.96
15.02

1.63
1.27
1.64
1.92
.20

4.58

3.76
3.66
3.70
4.62
.95

8.25

7.86
7.68
7.16
8.71
3.37

12.70

all

18.70
19.51
17.14
16.15
11.12
14.51
13.53
17.12

10.42
10.55
10.12
11.52
6.73

15.22

(TOTAL circulatory)

Bronchitis and

Cirrhosis of liver . . .
Influenza and
pneumonia

2214
940

2280

2420

3.22
3.49

10.47

2.23

7.58
6.95

17.20

4.08

11.98
11.26
22.30

5.99

14.41
13.80
24.07

9.51

(TOTAL other)

(GRAND TOTAL)

Total by interval

to 65

39
1
4
2
1
1
2

22

(72)

11
43
9
8
0

15

(86)

7
3

24

5

(39)

(197)

197

to 75

75
2
8
5
2
2
4

43

(146)

25
125
21
18
2

27

(218)

17
7

39

9

(72)

(431)

234

to 85

108
3

11
7
5
3
7

64

(208)

49
262
41
35
8

43

(439)

27
11
51

12

(101)

(748)

317

all

121
3

13
8
6
4
9

73

(237)

68
360

58
46
16
52

(600)

32
13
15

26

(120)

(957)

203
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For accidents with solids and Deaths in
liquids other than those classified 1967
under illicit drug abuse, the 410 males
thousands that might be alive run as 230 females
follows: Total

Up to Up to Up to All
65 75 85 ages

11 14 15 16
6 7 8 9

17 21 23 25

J. OraJ contraceptives

In the absence of information on
age distribution for these deaths, it
seemed reasonable to assume a
spread in ages similar to that over

which oral contraceptives are likely
to be used. (Greater use at lower ages
may well balance greater incidence at
higher ages, for example.) The
average expected years of life for
ages 20 to 34 or for ages 15 to 39 are

found (see Exhibit C-13) to be the
same as those for 25 to 34. We thus
used 35.6, 42.9, 47.6 and 49.1 years,
which for 150 deaths per year gives
5.3, 6.4, 7.1 and 7.4 thousands that
may be alive.

EXHIBIT C-15

SUMMARY FOR DEATHS LINKED TO CIGARETTE SMOKING, 1967

Thousands who might be alive

to 65 to 75 to 85 all

Linking
Cause

Thousands who might be alive

to 65 66-75 76-85 86-up

(Males)

161
83

284
83

119

730

352
172
520
170
246

1566

505
256
955
307
358

2378

555
284

1120
369
405

2735

lung cancer ....
other cancer ....
arterioscler
other circula

TOTAL

161
83

284
83

119

730

191
89

336
93

127

836

153
84

335
131
112

812

50
28

165
61'
47

357

(Females)

39
33
43
43
39

197

75
71

125
93
72

431

108
100
262
171
101

768

121
116
360
240
120

957

lung cancer
other cancer ....
arterioscler
other circula
other

TOTAL

39
33
43
43
39

197

36
38
83
50
33

234

33
29

137
84
28

317

13
16
98
63
19

209

200
116
227
126
158

927

(Both sexes)

427
243
745
269
318

1997

613
351

1217
484
459

3126

676
400

1480
609
525

3694

lung cancer
other cancer ....
.arterioscler
other circula
other

TOTAL

200
116
227
126
158

927

227
122
518
143
160

1070

184
114
472
215
141

1129

63
43

253
125
66

568



EXHIBIT C-16

SUMMARY FOR DEATHS LINKED TO ALCOHOL ABUSE, 1967

Thousands who might be alive

to 65 to 75 to 85 all
Linking
Cause

Thousands who might be alive

to 65 66-75 76-85 86-up

(Males)

101
520
175
15
42
4

857

159
624
214
27
52
8

1084

191
675
238

37
57
12

1209

200
694
245
41
59
12

1250

3 diseases
motor veh. ace
other accidents
suicide
homicide
2 cancers

TOTAL

101
520
175

15
42
4

801

58
104
39
12
10
4

223

32
51
24
10
5

4

125

g
19
7
4
1

0

41

(Females)

(Both sexes)

49
200
63
21
14
2

349

76
245
78
30
4
6

451

95
282
94
36
21
6

534

102
246
105
38
22
6

569

3 diseases
motor veh. ace
other accidents ....
suicide

TOTAL

49
200
63
21
14
2

349

27
45
15
9
4
2

102

19
37
16
6
3
2

83

7

14
11
2
1
0

35

536
674

1210

657
884

1535

714
1029

1743

750
1069

1819

Voluntary

TOTAL

536
674

1210

115
215

325

63
145

208

36
40

76

165

EXHIBIT C-17

SUMMARY FOR DEATHS LINKED TO ILLICIT DRUG ABUSE

Thousands who might be alive

to 65 to 75 to 85 all
Linking
Cause

Thousands who might be alive

to 65 66-75 76-85 86-up

(Males)

6
23
21
27
20
9

107

7
28
28
33
25
11

132

7
30
31
36
27
12

143

8
31
32
36
28
12

147

drug addiction1 ....
ace. poisoning

motor veh. ace
other accidents ....

TOTAL

6
23
21
27
21
9

101

1
5
7
6
4
2

25

0.4
2
3
3
2
1

11.4

0.2
1
1
0
1
1

4.2

(Females)

2
15
20
g
8
3

57

2
20
27
11
10
4

74

2
23
33
13
11
5

87

3
24
35
14
12
5

93

drug addiction* ....
ace. poisoning
suicides
homicides

other accidents ....

TOTAL

2
15
20
9
8
3

57

0.3
5
7
2
2
1

17.3

0.2
3
6
2
1
1

13.2

0.1
1
2
1
1
0

5.1

(Both sexes)

56
108

164

267

69
139

206

334

77
153

230

372

78
162

240

390

Involuntary
Voluntary

TOTAL

TOTAL4

56
108

164

267

13
29

42

67

8
16

24

38

1
7

8

18
1 Using 40, 46, 48 and 50 years of expected life at death.

'Scaled up from 6141 linked deaths to 10,000 linked deaths.



166

EXHIBIT C-18

SUMMARY FOR DEATHS LINKED TO AIR POLLUTION

Thousands who might be alive

to 65 to 75 to 85 all

Linking
Cause

Thousands who might be alive

to 65 66-75 76-85 86-up

(Males)

1.7
1.6
7.1
9.4

20

3.1
3.8

20.0
20.5

47

43
6.2

33.7
29.4

73

4.8
7.3

39.5
32.4

84

other bro.-pul
cancer of lung

TOTAL

1.7
1.6
7.1
9.4

20

1 4
2.2

12.9
11.1

27

1.2
2.4

13.7
8.9

27

.5
1.1
5.8
3.0

10

(Females)

2.4
.8

2.8
2.7

9

3.9
1.6
6.2
5.3

17

5.3
2.5
9.7
7.5

25

5.8
3.0

11.6
8.4

29

bronchitis
other bro.-pul. .....
cancer of lung

TOTAL

2.4
.8

2.8
2.7

9

1.5
.8

3.4
2.6

8

1.4
.9

3.5
2.2

8

.5

.5
1.9
.9

4

(Both sexes)

12.1
6.7
9.7

29

25.8
18.7
19.9

64

36.9
31.6
30.1

99

40.8
37.1
34.9

113

emphysema

TOTAL

12.1
6.7
9.7

29

13.7
12.0
10.2

35

11.1
12.9
10.2

35

3.9
5.5
4.8

14
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APPENDIX D

ECONOMIC DATA

GENERAL CHARACTER AND
HEALTH OF THE

REGULATED INDUSTRIES

1. Pharmaceutical industry

The Food and Drug Administra-
tion counts some 6,330 pharma-
ceutical manufacturers as subject to
its regulatory activities.1 Of these, in
1969, there were 1,129 firms
primarily engaged in drug manufac-
turing.2 Manufacturers of biological
products and medicinal and botani-
cal products together account for ten

EXHIBIT D-1
PRIMARY MANUFACTURING

ESTABLISHMENTS

Year Total

With 20
Employees

or More

2831 Biological Product Industry
1967 .. 128 44
1963 .. 113 40
1958 .. 116 35
1954 .. 93 43
1947 .. 84 NA
1939 .. 80 NA

2833 Medicinals and Botanical Products

1967
1963
1958
1954

Industry
126
138
129
115

45
42
50
40

2834 Pharmaceutical Preparations Industry
1967 .. 875 318
1963 .. 1,011 319
1958 .. 1,114 318
1947 .. 1,163 NA

Source: U.S. Department of Commerce,
Census of Manufacturers.
Note: Data are only for those firms primarily
engaged in drug manufacturing.

Data on firms where drugs are not the
primary source of revenue, as well as
repackers, distributors are not included.

percent of drug industry shipments.
The major portion of primary

manufacturers of pharmaceutical
products , the pharmaceutical
preparations industry, included 875
firms according to the 1967 Depart-
ment of Commerce 5-year Census of
Manufacturers.2 Exhibit D-1 repre-
sents trends for the various seg-
ments of the pharmaceutical manu-
facturing industry. Note that there
has been a decline in the total num-
ber of these manufacturers although
the number of large manufacturers
has remained almost constant since
1954.

Exhibit D-2 shows the value of
manufacturers' shipments of drug
products from 1939. Also included
are projections for 1975 and 1980. In
the 30-year period from 1939 to 1969,
drug industry shipments increased
over 1,600 percent. The pharma-
ceutical preparations industry
consistently accounts for 90 percent
of the value of manufacturers' ship-
ments of drugs each year. Of the total
value of manufacturers' shipments of
pharmaceutical preparations in 1969
of $5 billion, $3.5 billion were
prescription drugs. Pharmaceutical
preparations ranked 15th among

EXHIBIT D-2
MANUFACTURERS SHIPMENTS OF COMPONENT

PARTS OF DRUG INDUSTRY

($'s Millions)

Year

1939 . ..
1947
1954
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1975
1980

(S.I.C. 283)
Drug

Industry

$ 386
1,197
2048
2,977
3,129
3,214
3,312
3,541
3,716
3922
4 403
4,825
5,301
5,759
6,335
7.0001

1 0 7001

19,350s

(S.I.C. 2834) (S.I.C. 2833) (S.I.C. 2831)
Pharmaceutical Medicinals and Biologlcals

Preparations Botanicals Productions
Industry Industry Industry

$ 338
941

1,700
2,592
2,692
2,772
2,927
3,142
3,314
3,571
4,050
4,432
4,696
5,114
N.A.
N.A.

$ 29
218
281
322
369
351
284
296
306
253
256
285
445
N.A.
N.A.
N.A.

$ 19
38
67
64
68
91

101
103
96
98
97

108
160
N.A.
N.A.
N.A.

Source: U.S. Department of Commerce, Census of Manufacturers
1 Estimate by U.S. Department of Commerce, B.D.S.A. Outlook 1970
2 Estimate based on 9 percent average annual growth rate.
Wofe; This data includes the value of both primary and small amounts of secondary

products for each industry.
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industries according to value of ship-
ments and 41st according to number
of employees in 1969.3

Exhibit D-3 reflects data from the
Pharmaceutical Manufacturers
Association for world-wide sales of
all forms of pharmaceutical prod-
ucts by U.S. companies between 1951
and 1971. In recent years, foreign
sales by U.S. manufacturers have in-
creased more rapidly than have
domestic sales. Foreign sales of all
types of pharmaceutical prepara-
tions by U.S. firms increased at an
annual rate of 12 percent between
1940 and 1960—twice the rate of
growth of the domestic market.4 In
1970, foreign sales amounted to $2.2
billion, or 16 percent over the
corresponding figure for 1969, and
one prediction suggested an addi-
tional increase for 1971.5

A great deal of controversy has
arisen over past efforts to describe
the various categories of expendi-
tures by the drug industry aimed at
marketed drugs. The HEW Task
Force on Prescription Drugs offered
the following accounting of the drug
industry's sales dollars in 1968:4

Category Percentage of
Sales Dollar

Marketing, administration,
and general expenses 35

Cost of goods 35
R&D 6.5
Taxes 10
Profit 13.5

EXHIBIT D-3

U.S. HEADQUARTERED FIRMS'SALES AND R&D

EXPENDITURES, 1950-1971'

($'s millions)

Year

1971
1970
1969 ....
1968
1967 ....
1966 ....
1965 ....
1964
1963 ....
1962 ....
1961 ....
1960 ....
1959 ....
1958 ....
1957 ....
1956 ....
1955
1954 ....
1953 ....
1952
1951

U.S. Sales3

Human Dosage

$4,750S

4,322
4,008
3,655
3,226
3,011
2,779
2,479
2,317
2,199
1,954
1,905
1,850
1,802
1,742
1,676
1,457
1,252
1,213
1,175
1,148

Global Sales
Human & Veterinary3

Dosage Only

$ n.a.
6,442
5,832
5,280
4,707
4,256
3,841
3,405
3,152
2,932
2,685
2,600
2,500
2,400
2,200

,900
,650
,500
,450
,400

1,350

Dosage & Bulk

$7,5924

6,853
6,208
5,665
5,102
4,660
4,219
3,717
3,469
3,236
2,992

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

1 Based on annual PMA surveys, Department of Commerce reports
and other PMA sources.

2 U.S. sales of finished prescription and "o-t-c ethical" Pharmaceuticals
for human use.

3 Global sales are defined to Include total ethical pharmaceutical sales
within the United States, exports to non-affiliated firms, and sales
abroad of U.S. affiliates.

4Global R&D Includes all ethical pharmaceutical research and develop-
ment financed or conducted by U.S. pharmaceutical companies In
the United States and abroad.

EXHIBIT D-4

COMPANY FUNDS FOR R&D PERFORMANCE BY INDUSTRY 1957-1970 ($'s MILLION):

Industry Year

Chemicals and
Allied Products. .
Industrial
Chemicals ....
Drugs and
Medicine ....
Other

Chemicals ....

1957

616

423

104

89

1958

666

443

126

97

1959

743

488

151

104

1960

807

544

158

105

1961

881

578

177

126

1962

939

599

191

149

1963

1004

662

207

135

1964

1098

736

224

a

1965

1195

784

255

a

1966

1271

796

275

a

1967

1357

822

a

a

1968

1458

853

a

a

1969

1560

895

a

a

1970

1624

915

a

a

a: Not separately available from the NSF but included in the total.
Source: National Science Foundation.
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Data published by the National
Science Foundation and the Pharma-
ceutical Manufacturers Association
reveal that the chemical industry as a
whole is highly research intensive.
Exhibit D-4, from the National
Science Foundation, shows the
amount of private investment in R&D
for various categories of chemical
industries. Exhibit D-5, using data
from the Pharmaceutical Manufac-
turers Association, lists the company
funded research and development for
drugs through 1971. The chemical
industries as a whole are equaled in
their research investment by
manufacturers of communication
equipment and electronic compo-
nents and exceeded only manufac-
turers of aircraft and missiles. This
latter industry has received a large
proportion of Federal funds in be-
half of research and development. If
only company-funded research and
development is considered, no other
industry surpasses the R&D invest-
ment fraction of pharmaceutical
preparations. Exhibit D-6 illustrates
the contribution of company to
government funds (spent in indus-
try) for R&D in the pharmaceutical
industry.

As a percent of sales, the invest-
ment in R&D in the pharmaceutical
industry has increased with time.

EXHIBIT D-5

COMPANY-FUNDED RESEARCH AND DEVELOPMENT FOR
VETERINARY- AND HUMAN-USE DRUGS-1956-1971

($'s million)

Year

Year

1956

110

1964

298

1957

1965

351

1958

170

1966

402

1959

1967

448

1960

212

1968

485

1961

238

1969

540

1962

251

1970

611

1963

282

1971

674

Source: Pharmaceutical Manufacturers Association

Exhibit D-7, data from the NSF,
shows this trend for several parts of
the chemical industry.

Exhibit D-8 illustrates the number
of new drugs marketed in the U.S.
each year from 1950 to 1971. The total
number, which includes new single
chemical entities as well as dupli-
cate products, compounded prod-
ucts, and new dosage forms, de-
clined each year beginning in the
1950's. The number of new single
chemical entities has fluctuated year
by year, reached a peak in 1959 and
has generally fallen since then. How-
ever, the number of significant new
chemical entities developed year by
year has remained fairly constant.

Joseph Jadlow has compared the

R&D investment in the drug indus-
try each year to the number of drug
entities developed using expendi-
ture data from both the NSF and the
Pharmaceutical Manufacturers
Association.6 In both cases, the fig-
ures representing R&D expenditures
have been adjusted to 1962 constant
dollars. Exhibit D-9 lists these data
in tabular form. These measures are
somewhat crude and, in reality, the
expenditure for research lags behind
the emergence of a new marketed
drug. The trend is clear. The dou-
bling time for R&D expenditures per
new drug seems to have been about 2
1/2 years (Exhibit D-10).

What have been the directions and
character of this industrial research

EXHIBIT D-6

RESEARCH AND DEVELOPMENT EXPENDITURES
BY THE PHARMACEUTICAL INDUSTRY - 1956-1971

(S's million)

Company funded Year
R&D

For human-use drugs
For veterinary drugs

Total company funded
R&D

Government R&D
expenditures in
drug industry

Total R&D

1956

110
- -

110

110

1958

170
- -

170

170

1960

207

5

212

4

216

1961

227
11

238

7

245

1962

238
14

251

8

259

1963

267

15

282

g

292

1964

278
20

298

12

310

1965

329
23

351

14

365

1966

374
28

402

14

416

1967

412
35

448

13

461

1968

450
36

486

10

496

1969

506
34

540

10

550

1970

566
45

611

8

619

1971

625
49

674

7

681

Source: Pharmaceutical Manufacturers Association.



EXHIBIT D-7
COMPANY FUNDS FOR R&D PERFORMANCE AS

PERCENT OF NET SALES BY INDUSTRY 1957-1970

Chemicals and
Allied Products. .

Industrial
Chemicals ....
Drugs and
Medicine ... .
Other
Chemicals ....

1957

3.1

4.2

36

1.2

1958

3.2

4.3

4.0

1.3

1959

3.2

3.9

42

1.5

1960

3.7

4.7

45

1.6

1961

3.5

4.2

42

1.6

1962

3.4

4.0

42

1.8

Yc
1963

3.6

4.1

4 5

1.8

ar
1964

3.8

4.2

56

1.9

1965

3.6

3.9

54

2.0

1966

3.7

3.7

a

1967

3.8

3.7

a

1968

3.5

3.4

a

1969

3.5

3.4

a

1970

3.7

3.6

Source: National Science Foundation
a: Not separately available from the NSF but included in the total.

EXHIBIT D-8
NUMBER OF NEW DRUGS MARKETED IN UNITED STATES FROM 1950-1971.

Total New
Products

New Single
Products

Duplicate
Single
Products

Combination
Products

New Dosage
Forms1

'50

326

28

100

198

118

'51

321

35

74

212

120

"52

314

35

77

202

170

'53

353

48

79

226

97

•54

380

38

87

255

108

•55

403

31

90

282

96

'56

401

42

79

280

66

•57

400

51

88

261

96

'58

370

44

73

253

109

'59

315

63

49

203

104

•60

311

45

64

202

98

'61

265

41

33

191

106

•62

255

28

47

180

84

'63

213

18

43

152

52

'64

162

17

34

111

41

'65

119

23

23

73

22

'66

82

13

16

53

26

'67

83

25

26

32

14

'68

101

14

36

51

21

'69

71

11

26

34

12

'70

110

16

52

42

23

'71

83

14

40

29

30

TOTAL

5,438

680

1,236

3,522

1,613

Source: Basic Data, Paul deHaen, Inc.,
1 Not included in Total New Products.

New York, New York.



EXHIBIT D-9

ANNUAL R&D EXPENDITURES1 IN THE DRUG INDUSTRY AND ANNUAL
TOTALS OF NEW DRUGS INTRODUCED, 1956-1968

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

(IMSF Data)
Drug Firms'

Outlays
for R&D

(millions of
dollars)

$ 98.3
105.7
126.3
150.0
165.8
178.5
194.0
209.7
224.2
255.2s

275.4s

n.a.
n.a.

(PMA Data)
Drug Firms'

Outlays
for R&D

(millions of
dollars)

$109.8*
129.1*
170.3*
197.04

205.8
227.7
238.0
267.8
278.3
322.9
355.2
390.5
436.6

New
Single

Chemical
Entities

Marketed

42
51
44
63
45
39
27
16
17
23
12
25
11

R&D Outlays Per
New Single Entity3

(millions of dollars)

(NSF Data)

$ 2.3
2.1
2.9
2.4
3.7
4.6
7.2

13.1
13.2
11.1
23.0
n.a.
n.a.

(PMA Data)

$ 2.6
2.5
3.9
3.1
4.6
5.8
8.8

16.7
16.4
14.0
29.6
15.6
39.7

Total
Number of
All New
Products

Marketed3

401
400
370
315
306
260
250
199
157
112
80
82
87

R&D Outlays Per
New Ethical Drug2

(millions of dollars)

(NSF Data)

$0.2
0.3
0.3
0.5
0.5
0.7
0.8
1.1
1.4
2.3
3.4

n.a.
n.a.

(PMA Data)

$0.3
0.3
0.5
0.6
0.7
0.9
1.0
1.3
1.8
2.9
4.4
4.8
5.0

n.a. Not available.
1 R&D expenditures have been adjusted into 1962 constant dollars.
2 Calculated from data from the sources listed below.
3This total includes new single entities, new duplicate single products, and new combinations.
4 R&D outlays for veterinary drug products before 1960 are included in these totals.
5 An approximation calculated from NSF data by multiplying the number of "full-time-equivalent" R&D scientists in the drug industry
times the cost per R&D scientist in this industry. This exaggerates private R&D spending slightly because federal funds are included.
R&D outlays for this industry have not been separately available from the NSF since 1964.

Sources: NSF; PMA; Paul deHaen, Inc.; and Economic Report of the President (1970), p. 229, After Jadlow6.
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effort? Among the members of the
pharmaceutical industry, expendi-
tures for basic research between 1960
and 1970 have ranged from 13 to 18
percent and averaged approxi-
mately 16 percent of total R&D
expenditures.7 Mansfield et al; who
have examined the course of innova-

tion in various industries, observed
that increasingly in the drug indus-
try intra-industry sources have risen
in importance as sources of dis-
covery and innovation.8 His periods
of comparison were 1935-1949 and
1950-1962. There is no comparable
information for the period 1962-1972.

R&D
Outlays
Per New
Ethical
Drug
Product
(Ratio
Scale)

3.2

EXHIBIT D-10

AVERAGE R&D EXPENDITURES* PER NEW ETHICAL DRUG
PRODUCT FOR THE DRUG INDUSTRY, PMA

AND NSF DATA. 1956-1968
(Millions of Dollars)

After Jadlow (6)

1.6

.8

.4

PMA R&D Expenditure Data

NSF R&D Expenditure Data

1 I I I J I I I I I I
56 57 58 59 60 61 62

(Year)

63 64 65 66 67 68

*R&D expenditures have been adjusted into 1962 constant dollars.

Sources: See TABLE 5. NSF, Research and Development In Industry (years
1961-1968); PMA, Prescription Drug Industry FACT BOOK;
PMA, Pharmaceutical Industry Research and Development Activity
(years 1961-1968); deHaen, New Products Parade (years 1961-1969);
and Economic Report of the President (1970), p. 229.

However, with continuously in-
creasing R&D expenditures and with
a relatively steady proportional pri-
vate investment in basic research, it
might be safely assumed that the rate
of industrial discovery and innova-
tion had been maintained. Drug re-
search has undergone a very rapid
evolution. Others have commented
on the fact that 95 percent of all drug
research has been carried out since
1930.9 During the period since 1930,
knowledge of biochemistry and
pharmacology in the human orga-
nism have advanced enormously.
However, very few major drug
discoveries can be attributed to this
knowledge.

Rather, the source of new drugs has
overwhelmingly been as a result of
empirical screening and random test-
ing of synthesized compounds.9 The
evolution of improved techniques in
the study of drug metabolism, of
greater sophistication in the study of
biological systems, and in clinical
pharmacology have all been strong
contributors.

It has been in the past clearly to the
advantage of the drug industry to
direct its innovative attention to-
ward t'ie development of molecular
modification, duplicate single prod-
ucts aid combination drugs. Their
development, on the average, was
much less expensive and required a
shorter period of maturation than for
newly synthesized products.10

With the advent of recent critical
reviews of the proliferation of new
drug products as from the National
Academy of Sciences, this trend has
been dampened markedly in recent
years.

Perhaps not unexpectedly, drug
industry research and development
have been directed toward market
opportunities, This fact has deter-
mined in no small part the areas of
specific concentration of product-
directed R&D. Thus, a review of the
classes of 823 new single entities
developed during the 26 years be-
tween 1942 and 1968 revealed a siz-
able concentration among anti-infec-
tive agents, cardiovascular drugs
and anti-inflammatory drugs.4 A
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corresponding accounting for 1971
demonstrated somewhat similar
areas of concentration.11 Drugs for
therapeutic intervention in the case
of diseases of fatal or disabling prog-
nosis but exhibiting low or rare inci-
dence have been developed by drug
firms under the category of "prestige
drugs" as a sideline to their major line
of endeavor. There is some sugges-
tion that drug firms, faced with
tighter reins on research expendi-
tures, may find it increasingly less
attractive to consider low-incidence
diseases as appropriate areas for new
drug development in the future.12

S i m i l a r l y , w i t h i n c r e a s i n g
sophistication demanded of the drug
research and development process
and a consequent lengthening of that
process has come a questioning
within the industry over the
attractiveness of development of
drugs for chronic administration.13

There have been a few attempts at
estimating the cost of development of
a new drug to the point of marketing.
Clymer in 1971, estimated that the
development cost of a successful
drug varied between $2.7 and $4.7
million and required 4.5 to 8.5
years.14 The largest portion of these
expenditures were made during the
latter phases of clinical evaluation.
Clymer's estimate of the combina-
tion of costs for successful and
unsuccessful developments per suc-
cess in 1971 was $10.5 million ($3.5

million for one success plus $7.0 mil-
lion for eight unsuccessful projects).
Steinberg in the same year esti-
mated that the cost of development
was from $2.3 to $6.7 million.16

Jerome Schnee analyzed 134 drug
development projects conducted by
one firm between 1950 and 1967.w 75
of the 134 were brought to the point of
marketing. (All but 9 of the 75 were
completed before 1960.) There was
considerable variation in success
among the three categories of drugs.
37 percent of new chemical entity
developments were successful. Of
new compounded products 60 per-
cent were successful and 73 percent
of alternate dosage forms were
successful. The average develop-
ment cost of a new chemical entity
was $534 thousand and required an
average of 2 years'development time.
For compounded products, an
average of $161 thousand and 16
months was required. For alternate
dosage forms, the corresponding fig-
ures were $83 thousand and 15
months. By combining the costs of
development of the 75 successful
p r o d u c t s wi th those of the
unsuccessful ones, the following
costs were incurred:

Successful
product

(millions)

New chemical entities $1.5
Compounded products 0.25
Alternate dosage forms 0.11

2. Agricultural Chemicals

The agricultural chemicals indus-
try, according to Commerce Depart-
ment figures, was among the 100
fastest growing industries in the
period 1958 to 1969.3 It ranked 46th in
1969 according to value of ship-
ments and 84th according to number
of employees.

According to the Department of
Agriculture, in 1964 there were 106
firms operating 169 plants in the
United States which produced near-
ly all of the basic pesticide chemi-
cals.18 In addition to producers of pri-
mary materials there were 1,542
plants engaged in formulation of
pesticide mixtures and in distribu-
tion of products. The value of ship-
ments of basic pesticide chemicals
was estimated at $849 million in
1968,18 I7 $851 million in 1969, $870
million in 1970, and $979 million in
1971. Production and sales are given
in Exhibit D-ll.

In 1971, the National Agricultural
Chemicals Association undertook a
sample survey of 33 U. S. producers
of pesticides which were said to
represent a total aggregate share of
81 percent of the total pesticide sales
in 1969.w This report reflected a per-
centage increase in sales among the
sampled companies of 13 percent be-
tween 1967 and 1970 while research
and development expenditures over
the same period rose 33 percent.18

EXHIBIT D-11

U. S. PRODUCTION AND SALES OF
PESTICIDE CHEMICALS, 1962-1971

Production
(millions of Ibs)
Sales (millions

of Ibs)
Volume of sales

1962

730

634

346

1963

763

651

369

1964

783

692

427

1965

877

764

447

1966

1013

822

584

1967

1050

897

787

1968

1192

960

849

1969

1104

929

851

1970

1034

881

870

1971

1136

946

979

(Data from U. S. Tariff Commission)

528-750 0 - 7 3 - 1 3



174

(The investment of man-years in re-
search and development was esti-
mated to have risen by 17 percent
during the same period.) The Depart-
ment of Agriculture had offered a
previous and not dissimilar estimate
of the rate of change of R&D invest-
ment in the pesticide industry of 4.5
percent per year.16

In 1962, the Department of Agricul-
ture estimated that it required an
investment of $1 million to $1.5
million to achieve a successful and
marketed pesticide product.19 In
1969, "Chemical Week" estimated
that it required $1.1 million on the
average to develop each compound
starting from the point of synthesis
and initial screening.20 If one takes
into account the costs of the
unsuccessful candidates as well, the
average cost of development was
$3.6 million. Adding to this figure the
cost of "commercialization" raised
the total cost of development to $5.6
million. The experience of one firm
over a ten-year period between 1960
and 1970 was that, combining the
costs attributed to both successes
and non-successes, the average cost
per success was $11 million.21 Final-
ly, the estimates offered by a group of
pesticide manufacturers demon-
strated a wide range of experience
(Exhibit D-12).

Some have contended that regula-
tory restrictions have had a definite
depressing effect on the economic cli-
mate in the pesticides industry, even
to the extent of forcing some firms to
discontinue at least part of their
activities relative to pesticides.
There is some evidence for this
contention in that 11 firms have
discontinued all or part of their pesti-
cides business in the past several
years21 and a number of other firms
have merged with other larger com-
panies,

R&D costs to maintain the registra-
tion of existing products has risen
sharply during the past five years.
For 33 firms representing 80 percent
of the pesticide sales these costs in-
creased from $6.0 million in 1967 to
an estimated $16.8 million in 1971
(Exhibit D-13). This was 13 percent

and 23 percent respectively of the
total R&D expenditures for these two
years. Smaller firms are finding it
difficult to support the size and
sophistication of R&D teams neces-
sary to obtain and maintain clear-
ance of these chemicals. It is logical
for such firms to seek firms, to seek
merger opportunities or to get out of
pesticides manufacture altogether.

The cos t of d i s c o v e r y and
commercialization of pesticides has
increased markedly since 1967. An
average cost of $7,430 per chemical
was reported in 1970 compared to
$5,481 in 1967.18 Also, the time be-

tween discovery and commercial-
ization increased from 60 to 77
months during the same period.
These facts have economic implica-
tions for the industry.

It is difficult to ascertain the ex-
tent to which regulatory require-
ments have affected the economic cli-
mate of the pesticide industry. The
reduction in the number of manufac-
turers has taken place during a time
of general economic stress. The Panel
has no evidence that firm mergers or
the discontinuation of chemical
manufacture by given firms is more
pronounced than in any other seg-

EXHIBITD-12

ESTIMATES OF THE LENGTH OF TIME AND THE TOTAL
EXPENDITURES REQUIRED FOR THE DISCOVERY AND

COMMERCIALIZATION OF AN AVERAGE PESTICIDE
PRODUCT. THE FIGURES SHOW THE RANGES OF

EXPERIENCE OR OF ESTIMATION OF A GROUP
OF 33 PESTICIDE MANUFACTURERS SURVEYED

Cost of Discovery &
Commercialization
($'s million)

Elapsed time from discovery
to marketing (months)

Number of compounds screened
per successful product

1967
High
Est.

7.0

96

20,000

Low
Est.

0.5

48

500

Average

3.4

60

5,481

1970
High
Est.

12.0

108

20000

Low
Est.

1.0

60

531

Average

5.5

77

7,430

(Data from National Agricultural Chemicals Association!).

EXHIBIT D-13

COMPANY-FINANCED R&D EXPENDITURES FOR
REGULATORY MAINTENANCE OF EXISTING PESTICIDE PRODUCTS

1967-1971

Expenditures
($'s million)
Percent of total
R&D expenditures

'67

7 0

134

'68

8 7

15 4

'69

11 8

18 1

•70

160

22 9

% increase
'67 - '70

+129

Est
•71

168

23 5

(Data show experience of pesticide manufacturers representing 80 percent of sales)
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ment of the chemical industry during
the past five years. Pesticide produc-
tion figures would suggest no over-
all cutback, although production has
definitely leveled off. The number of
compounds being screened remains
at about the same level in 1971 as in
196718 suggesting no marked change
in efforts to seek new chemicals.

It would seem that a number of fac-
tors have combined to halt the rapid
expansion in the pesticide industry
which characterized the 1960's. The
effect of these factors on the future of
the industry is yet to be determined.

CANCELLATION AND
RECALLS

It has been suggested in recent
years that the threat of recall of
chemical products has increased due
to more frequent exercising of the
regulatory machinery or, occasional-
ly due only to exhortation by govern-
ment spokesmen.* With increasing
numbers of product recalls, it has
been suggested that the economic
risks of development are altered. The
chance of foreshortening the expect-
ed period of commercialization or
even of preventing marketing after
most development had been com-
pleted have been seen by some indus-
trial spokesmen as discouraging to
further research and development or,
in some cases, to further marketing.

It has appeared difficult to exam-
ine this question rigorously since
sound data are very scarce. There
does seem to be some evidence for
some increase in the reversal of '
approvals previously given for
manufacture and marketing of drugs
and pesticides. As of December 31,

* Nitrilotriacetic acid (NTA), developed as a
substitute for phosphate builders for house-
hold detergents, is not a member of any of the
classes of chemicals over which the Federal
agencies have clear regulatory control. The
developers of this chemical were urged pub-
licly by the Surgeon General in 1971 to delay its
introduction into use until additional research
could be performed in behalf of its biological
properties.

1971, there were 2,976 approved New
Drug Applications (NDA's) on file
with the FDA. 2,365 of these had been
approved prior to 1962. From 1967 to
1971 there were 5,189 NDA's with-
drawn by the FDA.2" All but 50 of
these were withdrawn during the
past three years. The majority of
these withdrawals were based on
recommendations of the Drug Effi-
cacy Study of the National Academy
of Sciences.23 On the basis of a
recommendation that there was
insufficient scientific evidence of
effectiveness, the FDA offered the
manufacturer of each drug an oppor-
tunity to supply additional data.
Where the manufacturer failed to
offer satisfactory new findings, the
FDA removed the NDA from the
approved list The accounting of
additions and subtractions from the
list of approved pesticides is more
complicated than in the case of thera-
peutic drugs. The major problem in
the case of pesticides is that the unit,
termed registration by the Environ-
mental Protection Agency (which is
the registrar), reflects information
both about numbers of products
(formulations or mixtures of chemi-
cals) and use patterns for the
formulat ions. Many (or most)
formulations have multiple regis-
tered uses. To the extent that these
are represented on separate labels (it
is the label information which is
registered) they account for multiple
registrations. The Environmental
Protection Agency is not able to
account for these separate factors in
the registration figures.

A "balance sheet" of registrations
and de-registrations of pesticides for
the fiscal years, 1969-1972 can be
seen in Exhibit D-14. From this table
it can be seen that, while there were
35 to 45 thousand pesticide resgistra-
tions outstanding in each year, these
represented approximately 1,500
different chemical entities.

For the time period covered by this
table, the number of registrations
canceled was clearly balanced by the
number of new registrations accept-
ed (6,376 compared to 6,128). The
overwhelming majority of registra-

tions represent variations in the
approved use pattern of the chemical
substances. The total number of
chemical entities has changed very
little. The majority of cancellations
are occasioned by withdrawals
voluntarily made by manufacturers
or by failures of manufacturers to re-
register their products. Government
actions to de-register pesticides ran
at a higher rate than usual during
1970 and 1971 reflecting the recom-
mendations of a National Academy
of Sciences review of allowable
pesticide residues on food crops.

The survey of the pesticide
manufac tur ing indus t ry by the
Mational Agricultural Chemicals
Association noted the following
pattern of reported cancellations or
suspensions of pesticides among the
33 companies polled:18

1968 1969 1970
Products removed

entirely from market . . 25 18 123
Total restrictions 717 388 376

Again, the overwhelming number
of restrictions concern limitations on
patterns of usage—not total bans.
Unfortunately these figures do not
discern between formulations and
basic chemical entities. More impor-
tant, perhaps, is the fact that the total
number of pesticide products
manufactured by these firms is not
given and it is not possible for the
reader to comtemplate the size or the
importance of the fraction of prod-
ucts upon which restrictions were
placed.

Finally, from the point of view of
trying to understand the implication
of cancellation and recall to the
manufacturers, there is an addi-
tional piece of information which is
not contained in any of these figures.
Undoubtedly some chemical prod-
u c t s a r e m o r e m e a n i n g f u l
economically to a manufacturer than
are others (larger market, higher
profit, longer period of commercial-
ization, etc.). There is no way of
distinguishing among the list of
products canceled those which are of
particularly high economic impor-
tance.



EXHIBIT D-14

PATTERN OF ADDITIONS AND SUBTRACTIONS FROM REGISTRATIONS OF PESTICIDES
FOR THE FISCAL YEARS 1969 TO 1972

Fiscal
Year

1969

1970

1971

19721

1

Total number
registrations at

beginning of each
fiscal year

45,121

45,014

40,807

35,464

2

Number of
registrations

canceled during
the fiscal year by

government initiative2

688
(10 appeal)

2,105s

(49 appeal)

3,583 8

(814 appeal)

0

3

Total number
of registrations
canceled during
the fiscal year3

3,544

5,236

7,005

n/a

4

Number of
new

registrations
added during

the fiscal year

3,437

1,029

1,662

5

Total number of
chemical entities

registered4

Distinct
Families chemical

entities

900 1,500

900 1,500

900 1,500

900 1,500

6

Number of
agricultural
chemicals

registered at
beginning of
fiscal year5

I 156
H 85
F 77
Total 318
I 158
H 111
F 94
Total 363
I 160
H 122
F 111
Total 393
I 159
H 125
F 122
Total 406
I 159
H 126
F 122
Total 407

7

Total new
chemical

entities accepted
during the fiscal

year6

19

7

7

4
to 1/1/72

8

Total new
agricultural

chemicals accepted
during the fiscal

year7

11

4

2

1
to 1/1/72

I: Insecticides
H: Herbicides and plant growth regulators
F: Fungicides, nematicides

Data from the Office of Pesticides, EPA.

References (Exhibit 14):

1. Through January 1,1972.
2. These are the cancellation actions initiated by the Government.
3. These figures represent cancellations resulting from Government action plus those voluntary withdrawals by registrants or lapses in re-registration.
4. Estimates made by the Environmental Protection Agency. The smaller number ("families") reflects a grouping of related chemicals. 2,4, 5-T, its salts

and erters are all counted as one entity. The larger figure treats them as separate entities.

5. The Federal Insecticide, Fungicide, and Rodenticide Act under which pesticides are registered and regulated actually covers chemicals other than
agricultural chemicals. This column separates agricultural chemicals from these other materials. The units correspond to the families figures in
column 5.

6. Units correspond to the families in column 5.
7. That fraction of chemical entities in column 7 classed as agricultural chemicals.
8. The very large number of cancellations in these years reflected a revision of the concepts of permitted residues on food. This arose as a result of a

National Academy of Sciences review of the concept of O-tolerance.
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The threat of product banning or
recall has been viewed as a signifi-
cant perturbation in market outlook
for some parts of the chemical prod-
uct industry.18 24 The banning of
products and their recall from the
market has undoubtedly caused
perturbations from time to time.
However, the effect seems to be
variable and difficult to define. By
themselves, threats of product ban-
ning and recall have not been the
major determinants of economic risk
for manufacturers except in a few in-
stances. When added to other
uncertainties and to altered obliga-
tions before marketing, however, the
threat of "premature" removal from
the market may have been additive.

RESEARCH AND
DEVELOPMENT TOWARD

NEW CHEMICAL PRODUCTS

R&D in the chemicals industries
could vary as a result of several real
forces in our society other than those
that are embodied in Government
regulation. In fact, all indications are
that industrial R&D has increased
rather than decreased in an era when
Government regulation has become
stiffened and broadened.

It has been suggested that R&D in
the chemicals industry has been
forced to become more "defensive" in
recent years in order to maintain the
existing product positions.18 25 Part
of the "defense" is against competi-
tors' products which could displace
earlier ones. In addition, it is said, the
expenditures required to satisfy new
Government obligations regarding
both new and already marketed
products are rising rapidly and are
detracting from the efforts which
might have otherwise been directed
toward new innovations. First of all,
it appears generally clear that the
length of the development process
from discovery to marketing of a new
chemical product (e.g., agricultural
chemical, industrial chemical, thera-
peutic drug) has increased as a func-
tion of new levels of public and
regulatory agency questioning.

There are, however, compensating
factors which may maintain high
industry profits, however. Of partic-
ular note among these is the genuine
public demand for vital products
whether they be new or old. This
lends stability to the system. The
slower pace of innovation will be
common to all competing members of
the industry. Thus, although the bar-
riers to entry into the market may be
increased, they are increased simi-
larly for all members and the chance
of displacement by competitors'
products is similarly postponed. It
seems likely that there will exist a
threshold of length of development
beyond which projects will not be
attempted."

In the case of pesticides, an in-
creasing proportion of company
funded R&D expenditures have
apparently been directed toward
"regulatory maintenance" of exist-
ing products [Exhibit D-13).

There appear to be no corespond-
ing figures for other classes of chemi-,
cal products. If the 1962 drug amend-
ments to the Food, Drug, and Cos-
metic Act and the results of the Na-
tional Academy of Sciences Drug
Efficacy Study have been "success-
ful," however, it must be true that
pharmaceutical manufacturers have
been forced to undertake examina-
tion of some additional questions for
already marketed products. This, of
course, was one of the explicitly
intended effects of certain of the
regulatory statutes and the burden of

costs of the evaluation of "new" ques-
tions has been placed on the private
sector.

A related point of view frequently
offered is that the combination of
various regulatory actions have led
to a much increased aggregate of
obligations on the part of manufac-
turers to perform research and pro-
vide information before marketing is
permitted. Manufacturers have been
very forthright in recent years in
supporting this notion with figures
representing their experience.

The survey conducted by the Na-
tional Agricultural Chemicals
Association concluded that there had
been an increase of 33 percent in
pesticide R&D expenditures be-
tween 1967 and 1970 and a modest
decline for 1971 (considering a five
percent rate of inflation) (Exhibit D-
15). The experience of one company
has been that the direct costs in-
volved in satisfying additional pre-
marketing investigations of toxi-
cology and environmental impact are
not generally substantial. However,
the delays occasioned by their
p e r f o r m a n c e a re exceedingly
costly—especially if the delays occur
late in the course of develop-,
ment—mainly because of the cost of
servicing the investment made in the
product. Whether or not there has
been an actual increase in the time re-
quired for development of a success-
ful pesticide to the point of market-
ing is less clear. The opinions (as
opposed to data) of the industries

EXHIBIT D-15

PESTICIDE R&D EXPENDITURES OF PARTICIPATING COMPANIES

Type of Expenditure

Sythnesis & Screening . . . .
Field Testing &

Development
Toxicology & Metabolism
Formulation & Chemical

Development
Registration & Other

TOTAL R&D EXPENSE .

1967
$Miflion

$17 7

15.9
69

8.9
29

$52 4

1970
SMillion

$22.0

22.3
9 1

12.3
4.2

$69 9

% Increase
1967-70

24%

40%
32%

38%
46%
33%

Est. 1971
SMillion

$21.3

22.7
10.5

12.8
4.3

$71.6

Source: National Agricultural Chemicals Association.
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EXHIBIT D-16
PESTICIDE R & D COST

No. cpds,
synthes'^ed
per product
Time: cpd.
discovery

R&D Cost

1968

4,000

5-8 yrs.
$4M*

1969

36,000

$6M**

1970

5,000

5 yrs.
$4M***

* Includes cost of chemical process and pilot plant studies
**Does not include cost of chemical process and pilot plant studies

***Does not include cost of chemical process and pilot plant studies
or "losers"

1968 = N.A.C. News and Pesticide Rev., Vol. 27, No. 2, Dec. 1968, p. 3
1969 = Chemical Week, April 26, 1969, p. 38
1970 = Biosclence, Vol. 20, No. 18, p. 1006

polled by the National Agricultural
Chemicals Association was that
there had been an increase in the
average elapsed time from discovery
to marketing of 28 percent (60
months to 77 months) between 1967
and 1970.18 However, these esti-
mates varied widely among those
surveyed [Exhibit D-12). Previous
estimates of experience in the
manufacture of pesticides has re-
vealed a similarly wide variation in
the time for development and un-
clear trends (Exhibit D-16). What
perhaps is important is the fact that
for most major chemical companies
which manufacture pesticides, the
pesticide portion represents only a
small portion of the total corporate
operation and one which is per-
ceived as increasingly risky.

Mansfield et al., in studying the
process of innovation and industrial
research concluded that the average
time interval between discovery and
innovation (marketing) for pharma-
ceuticals (5.0 years in the period 1935
to 1962) was shorter and less
variable than for all other industries
for which data are available.8 For the
petroleum industry, for example, the
corresponding average lag was 14
years.

Mansfield reported on the average
costs (in dollars and time) of develop-
ment of a successful pharmaceutical
product in the 1950's and early

1960's.28 The average monetary cost
of development of a drug in his study
was $534 thousand. The average cost
of a successsful drug was 57 percent
of the combined costs of success and
non-successes bringing the total cost
of development to $1.1 million per
success. The total development time
was 25 months on the average. In
1968, Clymer presented data refer-
ring to costs of drug development in
that year (Exhibit D-17).

Acceptance of these figures would
indicate a sixfold increase in the cost
of a successful project, a threefold in-
crease in the length of time required
for the project, and a halving of the
probability that a given project
would be successful. Djerassi's
prediction has been that a male

antifertility agent would require 12
to 20 years and more than $6 million
to develop and a luteolytic or
abortifacient female contraceptive
would take 17 to 18 years and over
$18 million."

It is of interest to determine the
contribution to the time duration of
the FDA's review process for new
drugs. Exhibit D-18 is the FDA's own
estimate of the average length of time
from the date of original filing of a
New Drug Application to its approv-
al for the years 1958 to 1967. These
figures by definition should reflect
both the period of FDA review and
the time required for additional
studies because of inadequate data
with the original submission.

EXHIBIT D-18
The average length of time from the

date of original filing of a
New Drug Application to the
time of approval (1958-1987)*

Average length
of time

Year
(months)

1958 3
1961 11
1962 7
1964 14
1985 24
1966 24
1967 23*
Data from the FDA published in Jadlow 6

* According to the FDA, this period included
on the average about eight months of additional
research by the firm (because of inadequate
data in the original submission) and about fif-
teen months of review of the various sub-
missions by the FDA.

EXHIBIT D-17
COSTS AND TIME OF DEVELOPING A

NEW PHARMACEUTICAL CHEMICAL ENTITY

Item

Average development costs . .
Standard deviation
Total development time
Standard deviation
Average cost of success
plus non-success.

1950's&
early 1960's
(one firm)

$534 000
500 000
25 months
13 months

$1 1 million

1968
(one firm)

$2 5-4 5 million

51-105 months

$10 5 million
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APPENDIX E

ECONOMIC TRENDS IN CHEMICAL PRODUCTION
C. O. Muehlhause

GROWTH AND TRENDS

Basic economic data are collected
by the Bureau of Domestic Commerce
of the Department of Commerce via a
full census every five years with
annual sampling in between. These
data1 z reveal key chemical indus-
tries to be both substantial and
growing at a respectable rate .
"Pharmaceutical Preparations"
ranks among the 100 largest indus-
tries both by "value of shipments"
and by "number of employees."

In a total of over 400 four digit
industries this group ranks 15th
according to "value of shipments"
and 41st according to the "number of
employees," this being for the year
1969. "Agricultural Chemicals" is
among the 100 fastest growing
industries in the period 1958 to 1969.
It ranks 46th according to "value of
shipments" and 84th according to the
"number of employees." A related but
less relevant four digit industry,
"Biological Products," also ranks
among the 100 fastest growing indus-
tries. Its rank is 24th according to
"value of shipments" and 21st
according to the "number of
employees." "Pharmaceutical Prep-
arations" also displays a respectable
growth rate, however.

Data published by the National
Science Foundation and the Pharma-
ceutical Manufacturers Association
reveal these industries to be highly
research intensive. They are in fact
equaled only by the industry group
termed "Communication Equipment
and Electronic Components" and
exceeded only by "Aircraft and
Missiles." This latter industry group,
unlike the chemical industries of
interest, however, receives a very
large fraction of Federal funds. If
only company R&D is considered, no
industry group surpasses the R&D

investment fraction of "Pharma-
ceutical Preparations." (See Exhibits
E-l, E-2, and E-3.)

NSF data3 are available for "Drugs"
over the period 1958-1969. Shown in
Exhibit E-4 are the company invested
R&D both in dollars and as a percent
of sales. In these data the ratio of
applied to basic research is about 6:1.
Further characterization of the
nature of the R&D is given by certain
PMA data,4 and shown in Exhibits
E-5 and E-6. These are: human use
vs. veterinary drugs, the R&D break-
down into research activities, and
R&D expenditures for domestic vs.
foreign investments covering the
years 1968 to 1971. Other NSF data
disclose that both the number of R&D
scientists per 1,000 employees and
the company invested funds for R&D
per employee are highest for the
category "Pharmaceutical Prep-
arations." High talent and invest-
ment in R&D presumably correlate
also with high profitability.

In a report by I. N. Fisher et al.5 of
the Rand Corporation a study of the
effect of risk, defined as the inability
to anticipate profits by company
management, was made for 88 firms
representing various industry
groups, including "Drugs". The
analysis was performed funda-
mentally by examining the dis-
persion of profits from year to year
and by eliminating temporal trends,
skewness, and autocorrelated firms.
About half of the fluctuations could
be accounted for. This, as well as
some other methods of statistical
analysis, consistently ranked
"Drugs" as having the highest "risk-
adjusted rate" of return. In addition
"Drugs" enjoy the highest "rate of
return on net worth," the latter being
the usual accounting basis for
computing profit.

It should be observed from Exhibit

E-7 which displays this information
that the so called "risk premium" was
not high for the drug category.
Perhaps the high talent character-
istic of the R&D of sophisticated high
technology companies tends to
appear risk averse in the sense that
other factors than risk limit profit-
ability more so than with the average
firm. In any event when the data have
been adjusted for risk the drug
companies still persist in exhibiting a
high profitability relative to other
industries. Hence, other factors are
presumably important in deter-
mining the rate of return on invest-
ment, e.g. innovation and high tech-
nology.

BARRIERS TO INNOVATION

Professor E. Mansfield6 7 and his
students have modeled manage-
ment's decision- making with respect
to the determination of its forth-
coming year's R&D budget relative to
previous expenditures and manage-
ment's expectation for profit. In this
model, which Mansfield attempted to
keep as simple as possible, the key
profitability parameter appeared as
follows:

wherein ~p was the average return
and p* the minimum return
required for acceptance of an R&D
project, A fractional change in p" ,
e.g. due to new tax laws or, in this
context a change in regulation,
effected a fractional change in the
R&D which was equal to the change
in ~p multiplied by the above
parameter. In the period around 1958
to 1962 this parameter had a value
4> 3.4 for "chemical industry." Thus if
profits had been averaging 15 percent
and were to fall to 14 percent

528-750 O - 73 - 14



EXHIBIT E-1

SIC: 2A CHEMICALS AND ALLIED PRODUCTS

NUMBER OF ESTABLISHMENTS (1967): 11,799 BOOK VALUE OF ASSETS PER EMPLOYEE (1964): $27,679

Co
CO

Year

1958
1959
1960

1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1968-69

Avg. Rate
1958-69

All Employees

Number
(000)

698.3
717.7
725.6
712.9
727.3
737.4
749.2
780.3
822.4
841.4
856.3
882.9

3.1

2.2

Payroll
(SMIL.)

3,940.5
4,233.4
4,421 .7
4,523.6
4,755.0
4,969.8
5,244.3
5,594.4
6,129.3
6,443.0
6,938.5
7,585.0

9.3

6.1

Production Workers

Number
(000)

453.1
470.9
469.6
460.4

470.1
474.1
479.9
502.4

528.5
541.4

550.8
574.9

4.4

2.2

Man-Hours
(MIL.)

908.4
949.0
943.5
932.1
953.0
963.4
986.0

1 ,022.5
1 ,077.4
1,086.1
1,116.0
1,143.5

2.5

2.1

Wages
(SMIL.)

2,242.1
2,409.5
2,473.2
2.520.6
2,647.2
2,779.9
2,927.5
3,104.8
3,400.2
3,555.2
3,845.4
4,160.4

8.2

5.8

Value
Added

(SMIL.)

12,308.0
14,335.7
14.415.2
14,804.5
16,009.1
17,586.1
19,165.8
20,955.6
22,655.6
23,550.1
25,810.4
27,176.7

5.3

7.5

Cost of
Materials
(SMIL.)

10,776.1
1 2,099.8
1 2,337.2
12,544.1

13,400.3
14,255.1
15,218.4
16,804.5
18,516.8
18,821.2
19,984.0
21,138.3

5.8

6.3

Value of
Shipments
(SMIL.)

23,129.5
26,327.8
26,548.0
27,242.1
29,365.3
31,772.7
34,268.1
37,478.8
40,780.4
42,148.3
45,622.4
48,164.6

5.6

6.9

Capital
Expenditures

(SMIL.)

1 ,243.9
1,102.7
1 ,285.3
1 ,500.2
1 ,381 .8
1 ,545.7
1 ,862.2
2,482.0
2,898.6
2,936.1
2,788.7
2,846.8

2.1

7.8

End -of -Year
Inventories
(SMIL.)
3,003.4
3,238.9
3,375.5
3,463.1
3,702.2
3,285.8
4,003.9
4,438.1
5,040.4
5,348.7

5,564.6
6,164.4

10.4

6.8

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1968-69

Avg. Rate
1958.69

Ratio
of Value
Added to
Shipments

.532

.545

.543

.543

.545

.553

.559

.559

.556

.559

.566

.564

-0.3

0.5

Ratio of
Inventories

to
Shipments

.130

.123

.127

.127

.126

.103

.117

.118

.124

.127

.122

.128

4.6

-0.1

Ratio of
Payroll

to
Value Added

.320

.295

.307

.306

.297

.283

.274

.267

.271

.274

.269

.279

3.8

-1.2

Value of
Shipments

Per Prod.
Worker
($000)

51.0
55.9
56.5
59.2
62.5
67.0
71.4
74.6
77.2
77.9
82.8
83.8

1.1

4.6

Manhours
Per

Production
Worker

(000)

2.005
2.015
2.009
2.025
2.027
2.032
2.055
2.035
2.039
2.006
2.026
1.989

-1.8

-0.1

Wage Per
Production

Worker
Manhour

($)

2.468
2.539
2.621
2.704
2.778
2.886
2.969
3.036
3.156
3.273
3.446
3.638

5.6

3.6

Value Added
Per

Prod. Worker
Manhour

($)

13.55
15.11
15.28
15.88
16.80

18.25
19.44
20.49
21.03
21.68
23.13
23.77

2.8

5.2

Index

of
Employment
(1967=100)

82.99
85.30
86.24
84.73
86.44
86.64
89.04
92.74
97.74

100.00
101.77
104.93

3.1

2.2

Index
of

Value Added
(1967=100)

52.26
60.87
61.21
62.86
67.98
74.68
81.38
88.98
96.20

100.00
109.60
1 1 5.40

5.3

7.5

Index
of

Shipments
(1967=100)

54.88
62.46
62.99
64.63
69.67
75.38
81.30
88.92
96.75

100.00
108.24
114.27

5.6

6.9

Source: Department of Commerce



EXHIBIT E-2

SIC: 283 DRUGS

NUMBER OF ESTABLISHMENTS (1967): 1,129 BOOK VALUE OF ASSETS PER EMPLOYEE (1964): $14,959

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1968-69

Avg. Rate
1958-69

All Employees
Number
(000)

95.9
99.8

103.8
102.3
106.2
99.0

101.6
105.0
109.1
117.9
118.9
125.5

5.6

2.5

Payroll
(SMIL.)

545.7
594.3
623.6
635.1
684.2
673.8
718.1
777.4
842.5
942.3

1,001.2
1,142.5

14.1

6.9

Production Workers
Number

(000)

54.9
56.1
56.3
55.7
58.3
54.9
56.4
57.9
60.4
65.6
65.7
79.7

21.3

3.4

Man -Hours
(MIL.)

110.2
111.3
111.0
109.7
113.7
110.0
113.5
115.5
122.2
128.2
130.7
139.1

6.4

2.1

Wages
(SMIL.)

250.7
262.7
267.7
271.8
291.5
296.6
312.9
336.7
368.5
405.1
437.1
489.6

12.0

6.3

Value
Added
(SMIL.)

2,096.2
2,274.5
2,354.4
2,445.9
2,636.0
2,807.3
2,943.3
3,364.2
3,674.8
4,072.9
4,355.3
4,752.8

9.1

7.7

Cost of
Materials
(SMIL.)

874.4
875.2
861.7
872.5
928.7
930.3
985.3

1 ,069.8
1,196.4
1,276.2
1 ,324.1
1 ,400.8

5.8

4.4

Value of
Shipments
(SMIL.)

2,977.9
3,129.6
3,214.2
3,31 1 .4
3,540.9
3,715.9
3,921 .-'
4,402.'
4,826.0
5,301 .6
5,645.3
6,227.8

10.3

6.9

Capital
Expenditures

<&yilL.)

111.8
N.A.
115.7
107.0
95.0

113.3
118.2
138.2
162.5
217.9
228.4
286.8

25.6

8.9

End-of-Year
Inventories
(SMIL.)

440.8
365.4
457.9
471.3
501.4
530.2
548.8
597.5
671.0
741.5
781.2
919.2

17.7

6.9

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1968-69

Avg. Rate
1958-69

Ratio
of Value
Added to
Shipments

.704

.727

.732

.739

.744

.755

.751

.764

.761

.768

.771

.763

-1.1

0.7

Ratio of
Inventories

to
Shipments

.148

.117

.142

.142

.142

.143

.140

.136

.139

.140

.138

.148

6.7

-0.0

Ratio of
Payroll

to
Value Added

.260

.261

.265

.260

.260

.240

.244

.231

.229

.231

.230

.240

4.6

-0.7

Value of
Shipments
Per Prod.
Worker
($000)

54.2
55.8
57.1
59.5
60.7
67.7
69.5
76.0
79.9
80.8
85.9
78.1

-9.1

0.4

Per
Production

Worker

2.007
1.994
1.972
1.969
1.950
2.004
2.012
1.995
2.023
1.954
1.989
1.745

-12.3

-1.3

Wage Per
Production

Worker
Man hour

($)

2.275
2.360
2.412
2.478
2.584
2.696
2.757
2.915
3.016
3.160
3.344
3.520

5.2

4.0

Value Added
Per

Prod. Worker
Manhour

($)

19.02
20.44
21.21
22.30
23.18
25.52
25.93
29.13
30.07
31.77
33.32
34.17

2.5

5.5

Index
of

Employment
(1967=100)

81.34
84.65
88.04
86.77
90.08
83.97
86.17
89.06
92.54

1 00.00
100.85
106.45

5.6

2.5

Index
of

Value Added
(1967=100)

51.47
55.84
57.81
60.05
64.72
68.93
72.27
82.60
90.23

100.00
106-93
116.69

9.1

7.7

Index
of

Shipments
(1967=100)

56.17
59.03
60.63
62.46
66.79
70.09
73.97
83.04
91.03

100.00
106.48
1 1 7.47

10.3

6.9

Source: Department of Commerce



EXHIBIT E-2 Continued

SIC: 2834 PHARMACEUTICAL PREPARATIONS

NUMBER OF ESTABLISHMENTS (1967): 875 BOOK VALUE OF ASSETS PER EMPLOYEE (1964): $13,765
SPECIALIZATION RATIO (1967): 87% COVERAGE RATIO (1967): 97% CONCENTRATION RATION

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change

1968-69
Avg. Rate

1958-69

All Employees
Number

(000)

82.0
83.7
86.7
88.0
91.2
85.1
90.2

94.6
98.3

102.0
102.3
107.9

5.5

2.5

Payroll
(SMIL.)

466.6
495.9
517.6
549.1
588.7
560.6
639.8
701.6
761.1
821.4
868.7

995.8

14.6

7.1

Production Workers
Number
(000)

45.7
45.6
45.6
46.5
48.8
45.9
49.4
51.4
53.6
55.2
54.9
68.2

24.2

3.7

Man -Hours

(MIL.)

91.4
89.4
88.9
91.1
94.2
91.7
99.3

102.1
107.9
107.2
109.1
116.4

6.7

2.2

Wages
(SMIL.)

205.5
209.1
212.9
225.2
240.7
246.0
273.8
299.4
327.9
338.6
364.6
408.1

11.9

6.4

Value
Added
(SMIL.)

1,881.5
2,015.5
2,085.2
2,223.7
2,413.5
2,595.7
2.766.2
3,172.8
3,446.9
3,720.4

3,979.2
4,343.4

9.2

7.9

Cost of
Materials
(SMIL.)

700.6
685.2
675.3
698.6
734.2
736.5
815.2
907.4

1,018.0
1,013.7
1 ,043.2
1,171.1

12.3

4.8

Value of
Shipments
(SMIL.)

2,591 .8
2.692.2
2,772.1
2.926.6
3,142.2
3,314.3
3,571 .1
4,049.7
4,432.4
4,696.4
5,008.3
5,529.0

10.4

7.1

Capital
Expenditures

(SMIL.)

72.4
82.8
85.1
86.4
71.5
89.3

102.7
122.6
133.8
169.6
185.3
247.5

33.6

11.8

End-of-Year
Inventories
(SMIL.)

365.8
274.7
357.2
383.2
403.5
428.3
469.0
521.6
582.3
611.9
630.7

763.6

21.1

6.9

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1 968-69

Avg. Rate

1958-69

Ratio
of Value

Added to
Shipments

.726

.749

.752

.760

.768

.783

.775

.783

.778

.792

.795

.786

-1.1

0.7

Ratio of
Inventories

to
Shipments

.141
.102
.129
.131
.128
.129
.131
.129
.131
.130
.126
.138

9.7

-0.2

Ratio of
Payroll

to
Value Added

.248

.246

.248

.247

.244

.224

.231

.221

.221

.221

.218

.229

5.0

-0.7

Value of

Shipments
Per Prod.
Worker
($000)

56.7
59.0
60.8
62.9
64.4
72.2
72.3
78.8
82.7
85.1
91.2
81.1

-11.1

3.3

Manhours
Per

Production
Worker
(000)

2.000
1.961
1.950
1.959
1.930
1.998
2.010
1.986
2.013
1.942
1.987
1.707

-14.1

-1.4

Wage Per
Production

Worker
Manhour

($)

2.248
2.339
2.395
2.472
2.555
2.683
2.757
2.932
2.013
3.159
3.342
3.506

4.9

4.1

Value Added
Per

Prod. Worker
Manhour

($)

20.59
22.52
23.46
24.41
25.62
28.31
27.86
31.08
31.95
34.71
36.47
37.31

2.3

5.6

Index
of

Employment
(1967=100)

80.39
82.06
85.00
86.27

89.41
83.43
88.43
92.75
96.37

100.00
100.29
105.78

5.5

2.5

Index
of

Value Added
(1967=100)

50.57
54.17
56.05
59.77
64.87
69.77
74.35
85.28
92.65

100.00
106.96
116.75

9.2

7.9

Index
of

Shipments
(1967=100)

55.19
57.32
59.03
62.32
66.91
70.57
76.04
86.23
94.38

100.00
106.64
117.73

10.4

7.1

Source: Department of Commerce.



EXHIBIT E-3

SIC: 287 AGRICULTURAL CHEMICALS

NUMBER OF ESTABLISHMENTS (1967): 1,278 BOOK VALUE OF ASSETS PER EMPLOYEE (1964): $22,042

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1968-69

Avg. Rate
1958-69

All Employees
Number

(000)

38.7
41.9
42.8
41.9
41.8
42.8
43.6
45.0
47.4
45.7
44.6
41.9

-6.1

0.7

Payroll
(SMIL.)

160.4
177.3
186.6
188.0
197.6
213.1
224.9
238.1
265.6
280.5
287.0
293.3

2.2

5.6

Production Workers
Number
(000)

27.3
29.7
30.0
29.6
29.1
29.5
29.7
30.8
31.9
31.0
29.6
27.4

-7.4

0.0

Man-Hours
(MIL.)

54.4
59.7
60.8
60.4
59.7
61.2
61.9
62.0
65.0
63.6
60.1
55.7

-7.3

0.2

Wages
(SMIL.)

99.5
110.4
112.6
113.4
118.5
128.9
132.9
141.1

156.2
162.6
161.2
162.4

0.7

4.6

Value
Added
(SMIL.)

414.7
494.9
528.5
497.6
532.9
626.3
713.3
800.6
908.9

1 ,005.8
990.0
996.7

0.7

8.3

Cost of
Materials
(SMIL.)

962.7
1,073.1
1 ,1 05.7
1 ,1 53.4
1 ,240.5
1 ,349.8
1 ,453.0
1 ,560.3
1 ,739.8
1,780.2
1,787.2

1 ,748.9

-2.1

5.6

Value of
Shipments
(SMIL.)

1 ,376.9
1 ,549.1
1 ,608.7
1 ,628.9
1 ,762.7
1 ,968.9
2,142.8
2,335.9
2.594.6
2,745.0
2,798.7
2,749.7

-1.8

6.5

Capital
Expenditures

(SMIL.)

40.0
42.9
57.1

110.6
74.9
66.5

1 1 1 .3*
192.5
129.6
205.1
116.8*
144.1

23.4

12.4

End-of-Year
Inventories
(SMIL.)

232.2
251.9
281.1
304.8
332.4
350.4
383.1
426.0
505.6
524.0
497.4
484.2

-2.7

6.9

Year

1958
1959

1960
1961
1962
1963
1964
1965
1966
1967

1968
1969

% Change
1968-69

Avg. Rate
1958-69

Ratio
of Value
Added to
Shipments

.301

.319

.329

.305

.302

.318

.333

.343

.350

.366

.354

.362

2.5

1.7

Ratio of
Inventories

to
Shipments

.169

.163

.175

.187

.189

.178

.179

.182

.195

.191

.178

.176

-0.9

0.4

Ratio of
Payroll

to
Value Added

.387

.358

.353

.378

.371

.340

.315

.297

.292

.279

.290

.294

1.5

-2.5

Value of
Shipments
Per Prod.
Worker
($000)

50.4
52.2
53.6
55.0
60.6
66.7
72.1
75.8
81.3
88.5
94.6

100.4

6.1

6.5

Mann ours
Per

Production
Worker
(000)

1.993
2.010
2.027
2.041
2.052
2.075
2.084
2.013
2.038
2.052
2.030
2.033

0.1

0.2

Wage Per
Production

Worker
Manhour

($)

1.829
1.849
1.852
1.877
1.985
2.106
2.147
2.276
2.403
2.557
2.682
2.916

8.7

4.3

Value Added
Per

Prod. Worker
Manhour

($)

7.62
8.29
8.69
8.24
8.93

10.23
11.52
12.91
13.98
15.81
16.47
17.89

8.6

8.1

Index
of

Employment
(1967=100)

84.68
91.68
93.65
91.68
91.47

93.65
95.40
98.47
90.37

100.00
97.59
91.68

-6.1

0.7

Index
of

Value Added
(1967=100)

41.23
49.20
52.55
49.47
52.98
62.27
70.92
79.60
90.37

1 00.00
98.43
99.10

0.7

8.3

Index
of

Shipments
(1967=100)

50.16
56.43
58.60
59.34
64.21
71.73
78.06
85.10
94.52

100.00
101.96
100.17

-1.8

6.5



EXHIBIT E-3 Continued
SIC: 2879 AGRICULTURAL CHEMICALS, NEC

NUMBER OF ESTABLISHMENTS (1967): 364 BOOK VALUE OF ASSETS PER EMPLOYEE (1964): $15,919
SPECIALIZATION RATIO (1967): 87% COVERAGE RATIO (1967): 72% CONCENTRATION RATIO (1967): 4 LARGE 39% 8 LARGE 61%

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1968-69

Avg. Rate
1958-69

All Employees
Number

(000)

7.8
8.5
8.9
8.4
8.7
9.1
9.0

10.2
11.0
11.5
12.1
12.1

0.0

4.1

Payroll
(SMIL.)

37.8
41.2
45.0
43.6
46.3
51.5
52.8
60.5
72.8
80.7
85.2
93.0

9.2

8.5

Production Workers
Number

(000)

4.9
5.1
5.3

5.1
5.1
5.3
5.3
5.9
6.2

6.9
7.4
7.2

-2.7

3.6

Man-Hours
(MIL.)

9.5
9.5

10.1
10.1
10.2
10.6
10.8
11.0
12.1
13.6
13.8
14.4

4.3

3.9

Wages
(SMIL.)

18.6
19.2
20.0
20.2
20.9
24.4
24.1
28.5
32.5
39.0
41.4
44.1

6.5

8.2

Value
Added

(SMIL.)
111.0
127.5
142.4
137.2
146.4
176.3
181.5
229.3
277:6
376.3
414.0
472.6

14.2

14.1

Cost of
Materials
(SMIL.)
223.2
243.2
262.8
275.8
292.7
307.0
302.6
351.4
425.2
460.8
488.6
509.4

4.3

7.8

Value of
Shipments
(SMIL.)
333.1
364.1
398.0
406.7
431.7
476.7
478.6
588.3
692.7
817.0
902.4
957.7

6.1

10.1

Capital
Expenditures

(SMIL.)
7.0

7.9
7.8
5.6
7.5

9.1
12.4
19.0
25.4
54.0
64.7*
75.9

17.3

24.2

End -of -Year
Inventories
(SMIL.)

62.5
65.2
68.1
70.7
76.8
93.3
96.5

110.7
137.8
145.6
147.1
166.6

13.3

9.3

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

% Change
1968-69

Avg. Rate
1958-69

Ratio
of Value
Added to
Shipments

.333

.350

.358

.337

.339

.370

.379

.390

.401

.461

.459

.493

7.6

3.6

Ratio of
Inventories

to
Shipments

.188

.179

.171

.174

.178

.196

.202

.188

.199

.178

.163

.174

6.7

-0.7

Ratio of
Payroll

to
Value Added

.341

.323

.316

.318

.316

.292

.291

.264

.262

.214

.206

.197

-4.4

-4.9

Value of
Shipments
Per Prod.
Worker
($000)

68.0
71.4
75.1
79.7
84.6
89.9
90.3
99.7

111.7
118.4
121.9
133.0

9.1

6.3

Manhours
Per

Production
Worker
(000)

1.939
1.863
1.906
1.980
2.000
2.000
2.038
1.864
1.952
1.971
1.865
2.000

7.2

0.3

Wage Per
Production

Worker
Manhour

($>
1.958
2.021
1.980
2.000
2.049
2.302
2.231
2.591
2.686
2.868
2.000
3.063

2.1

4.2

Value Added
Per

Prod. Worker
Manhour

($)
11.68
13.42
14.10
13.58
14.35
16.63
16.81
20.85
22.94
27.67
30.00
32.82

9.4

9.8

Index
of

Employment
(1967=100)

67.83
73.91
77.39
73.04
75.65
79.13
78.26
88.70
95.65

100.00
105.22
105.22

0.0

4.1

Index
of

Value Added
(1967=100)

29.50
33.88
37.84
36.46
38.91
46.85
48.23
60.94
73.77

100.00
110.02
1 25.59

14.2

14.1

Index
of

Shipments
(1967=100)

40.77
44.57
48.71
49.78
52.84
58.35
58.58
72.01
84.79

1 00.00
110.45
117.22

6.1

10.1

Source: Department of Commerce
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EXHIBIT E-4

COMPANY FUNDS FOR R&D PERFORMANCE BY INDUSTRY 1956-1969 ($'s MILLION)

Industry

Chemicals and
Allied Products. .

Drugs and
Medicine

Year

1956 1957

616

104

1958

666

126

1959

743

151

1960

807

158

1961

881

177

1962

939

191

1963

1004

207

1964

1098

224

1965

1195

255

1966

1271

275

1967

1357

1968

1458

1969

1560

COMPANY FUNDS FOR R&D PERFORMANCE AS
PERCENT OF NET SALES BY INDUSTRY 1957-1969

Industry

Chemicals and
Allied Products. .

Drugs and
Medicine

1957

3.1

3.6

1958

3.2

4.0

1959

3.2

4.2

1960

3.7

4.5

1961

3.5

4.2

1962

3.4

4.2

1963

3.6

4.5

1964

3.8

5.6

1965

3.6

5.4

1966

3.7

a

1967

3.8

a

1968

3.5

a

1969

3.5

a

1970

a. - not separately available but included in total from National Science Foundation Data, Reference 3

Source: National Science Foundation.

EXHIBIT E-5

EXPENDITURES BY DRUG FIRMS FOR R&D ON HUMAN-USE DRUGS ACCORDING
TO LOCATION OF RESEARCH (U.S. OR FOREIGN)

Amount spent in U.S.

Amount spent in foreign countries

Total

1968
Actual

$ y
Million

410.4 91.3

39.1 8.7

449.5 100

1969
Actual

$ «/
Million

464.1 81.7

41.7 8.3

505.8 100

1970
Actual

$ %
Million

518.6 91.6

47.2 8.4

565.8 100

1971
Budgeted

$ V
Million

569.4 91

54.1 8

.3

.7

623.5 100

Source: Pharmaceutical Manufacturers Association.

management would, according to the
model, reduce its R&D by about 22
percent. This should be regarded
only as an example, but one which is
in accord with data fitted to the
model around the beginning of the
decade of the 60's. The larger the
value of the parameter cited, the
stronger is the coupling between
changes in profitability and manage-
ment response. This is so because the
larger this profitability parameter is
the closer management's expec-
tation is to the actual result and
hence the less its margin for error.

COMPANY FINANCED R&D - PHARMACEUTICAL
INDUSTRY ($'S MILLION)

Human-use drugs

Veterinary drugs

Total

1968

449.5

35.7

485.2

1969

505.8

33.8

539.6

1970

565.8

45.1

610.9

1971
(Budgeted)

625.3

49.0

674.3

Source: Pharmaceutical Manufacturers Association.
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From yet other considerations if the
risk or uncertainty in anticipating
profits or success becomes too large
management could not undertake the
venture, as it may not be possible to
absorb the magnitude of a possible
loss even if the statistical expec-
tation or mean value were favorable.

As an aid to judging some of the
effects discussed above, namely that
of stretched out R&D and other costs
or barriers to marketing, a type of
cash flow calculation was performed
which purports to be "typical" of an
industry, e.g. pharmaceutical or agri-
cultural-chemical. Having estab-

lished the typical case, pertur-
bations were then introduced into the
model from which one may calculate
either the change in net present value
or the adjustment in sales or return
on investment needed to compensate
the perturbation. This served as a
measure of the seriousness of the
perturbation. For example, if a one
year delay in marketing resulted in a
loss in investment return of one
percent out of say 15 percent, one
would then be in a position to further
speculate on the consequences. The
application of Mansfield's model, for
example, would predict a drop in

EXHIBIT E-6

COMPANY-FINANCED R&D EXPENDITURES FOR HUMAN-USE DRUGS
($'S MILLION)

Year

Chemical research

Funds spent in quest . . .
of new products

Animal safety and

Other pharmacologic

Funds spent in evalua- . .
tion of products and
new products

Total company funded
R&D expenditures
for human-use drugs . .

1968
Actual

64.0

101.5

165.5

38.8

60.6

99.4

472.4

1969
Actual

549.2

1970
Actual

565.8

1971
Budgeted

625.3

From — Pharmaceutical Manufacturers Association Annual Reports

"DEFENSIVE" & "OFFENSIVE" EXPENDITURES FOR HUMAN-USE
DRUGS (AS % OF TOTAL COMPANY-FINANCED R&D EXPENDITURES

FOR HUMAN-USE DRUGS)

Funds spent in quest of

Funds spent in evaluation
of products and new

1968

35.1%

21 .0%

1969 1970 1971

Source: Pharmaceutical Manufactuters Association.

next year's R&D allocation as
previously cited.

In operating with cash flows over
time a more convenient definition of
"return on investment" was used
than was employed in the discussion
of risk-adjusted return. This is the
so-called "discount factor" or rate
used to evaluate future cash flows
with respect to present ones. The
practice is in accord with cost-
benefit and other project analyses in
which the stream of future costs and
benefits are discounted to present
value.

Two principal models were
developed: one for pesticides and one
for ethical drugs. The parameters for
these model calculations were deter-
mined from a number of sources8 and
ultimately by dialogue and exchange
with persons9 w " in the industry
who were able to pass judgment on
their appropriateness. In some
companies these actually served as a
management tool for making judg-
ments of the type sought here.

The two standard cases considered
representative of pesticides and
ethical drugs are given as follows:

Pesticides
12M$ Sales
6M$ R&D
12M$ Capital Investment

Direct Plant 3M$, 10 year life
Allocated Fixed 6.6M$, 14 year

life
Working Capital 2.4M$, fully

recoverable
5 year R&D time
10 year commercialization
40 percent Return on Sales before

Taxes
•&10 percent Discount Rate, but

adjusted to above
Operating costs: 50 percent fixed,

50 percent variable

Time pattern for R&D expendi-
tures and sales are shown in the cash
flow standard examples, AC 1 and 2
(Exhibits E-8 and E-9)

52 percent Tax Rate

Ethical Drugs
12M$ Sales
8M$ R&D
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3.36M$ Capital Investment
Direct Plant 300K$—15 yr. life
Allocated Fixed 660K$—15 yr.

life
Working Capital 2400K$, fully

recoverable
6 year R&D time
15 year commercialization
30 percent Return on Sales before

Taxes
f\}\2 percent Discount Rate, but

adjusted to above
Operating costs: 50 percent fixed,

50 percent variable
Time pattern for R&D expend-

itures and sales are shown in the cash
flow standard examples, ED 1 and 2
(Exhibits E-13 and E-14)

52 percent Tax Rate

The cash flows for these two cases
are shown for two discount rates
each. This was to determine the rate
which yielded a net present value of
zero. This rate then becomes the
expected return consistent with the
model. They are 9.8 percent and 11.4
percent respectively for pesticides
and educed drugs.

EXHIBIT E-7

INDUSTRY PROFIT RANK ADJUSTED FOR RISK

Industry Group

Drugs
Aerospace
Chemicals. .
Petroleum . ...
Rubber
Food
Electrical mach . . .
Automotive . ....
Office mach
Steel
Textiles . . . .

Average
Observed

Rate of Return

.1832

.1570

.1409

.1147

.1096

.1072

.1195

.1477

.1408

.0825

.0789

Rank

1
2
4
7
8
9
6
3
5

10
11

Risk-Adjusted
Rate of Return

1664
1335
1131
1026

.1021
0915
0857
0754
0724
0703
0594

Rank

1
2
3
4
5
6
7
8
9

10
11

Average
Risk

Premium

0168
0245
0278
0121
0075
0157
0338
0723
0684
0122
0195

Source: The Rand Corporation. (5)

The first set of perturbations and
calculations were performed on the
standard pesticide case. It was
assumed that if delays in getting to
market occurred, it did not affect
sales or the period of commerciali-

zation. These assumptions will be
criticized later and alternative
perturbations examined; however,
for the first set three different pertur-
bations were introduced: (1) a one
year delay to market , but no

EXHIBIT E-8

AC 1 - STANDARD CASE

Year

0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
10-11
11-12
12-13
13-14
14-15

Sales.S
K$

3000
6000
9000
12000
12000
12000
12000
12000
12000
12000

R&D
Costs.C
K$

-600
-1200
-1200
-1800
-1200
4007
4809
5610
6412
6412
6412
6412
6412
6412
6412

S-C
K$

-1007
1191
3390
5588
5588
5588
5588
5588
5588
5588

S-C
Net of
Taxes
K$

-312
-624
-624
-936
-624
-524
619
1763
2906
2906
2906
2906
2906
2906
2906

Dep.
Allow.
K$

757
629
523
436
363
304
276
253
253
253

Capital
Costs
K$

-3000
-6600
-2400

Net
Cash
Flow
K$

-312
-624
-624
-3936
-7224
-2167
1248
2286
3342
3269
3210
3183
3159
3159
3159

Discount
Factor

.9516

.8611

.7791

.7050

.6379

.5772

.5223

.4726

.4276

.3869

.3501

.3168

.2866

.2593

.2347

Net
Present
Value
K$

-297
-537
-486

-2775
-4608
-1251
652
1080
1429
1265
1124
1008
905
819
742

Residue 1166 undep. alloc. fixed cap.
Residue 2400 working cap.

.2231

.2231
260
535

-135
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EXHIBIT E-9

AC 2 - VARIOUS DISCOUNT RATES

Year

0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
10-11
11-12
12-13
13-14
14-15
15-16

16-17

Net
Cash
Row
K$

-312
-624
-624
-3936
-7224
-2167
1248
2286
3342
3269
3210
3182
3159
3159
3159
2400
1166

9%
Rate

.9560

.8737

.7985

.7298

.6670

.6096

.5571

.5092

.4653

.4253

.3837

.3552

.3247

.2967

.2712

.2593

Net
Present
Value
K$

-298
-545
-498
-2872
-4818
-1321
695
1164
1555
1390
1232
1130
1026
937
857
925

+560

10%
Rate

.9516

.8611

.7791

.7050
,6379
.5772
.5223
.4726
.4276
.3869
.3501
.3168
.2866
.2593
.2347
.2231

Net
Present
Value
KS

-297
-537
-486
-2775
-4608
-1251
652
1080
1429
1265
1124
1008
905
819
742
795

-135

9.81%
for NPV = 0

additional costs, (2) a two year delay
to market, again with no additional
costs, and (3) a two year delay to
market accompanied by a one year
premature construction of the
production plant. In the first two
cases it was assumed the delay to
market was foreseen in time to avoid
premature construction whereas in
the third case it was assumed the
delays also resulted in plant
construction at a disadvantageous

point in time, i.e. too early by one
year.

These results are indicated in
Exhibit E-10. Two measures of the
perturbation are presented. The first
is the adjustment in discount rate
required to reestablish a net present
value of zero. The second is the loss in
net present value on the basis of
having adhered to the original, i.e.
standard case, rate of return.

From Exhibit E-10 it can be seen

EXHIBIT E-10

Case

Standard
1 year delay
2 year delay
2 year delay + 1

year "plant"

Discount
Rate

Percent

9.81
9.46
9.13

8.19

Loss in
NPVK$

__

222
483

1,096

that the general magnitude of the
perturbation is 2-500K$ and/or 2/3
percent loss in rate of re turn
depending to an important extent on
whether the plant was appreciably
displaced in time. Though it is easy to
claim that larger uncertainties than
this are encountered in manage-
ment's decision for each of its proj-
ects, it is still true that further losses
will bias against R&D investment.
Before concluding that delays of the
magnitude considered actually result
in losses, however, a different set of
perturbations was performed.

If one regards that delays in a given
area of public demand do not alter
that demand, it would be more
consistent to assume that unless new
competition appears, delays have the
effect also of extending the period of
commercialization. This would allow
the public to continue consumption
at its original rate. A particular
company would then en joy an
extended period of commercial-
ization and hence higher profits
provided this situation did not
attract new entries into the field. All
of this also presumes constant effort
on the part of a given company.

This general idea was f i rs t
explored by further perturbing the
second case above, i.e. by assuming
that a one year delay to market
generated an extra two years of
commercialization. This is on the
basis cited, namely that at fixed R&D
effort the rate of new entries was
slowed by the factor 5/6; hence the
period of commercialization must be
extended by 6/5 or from 10 to 12
years. The perturbation calculation
discloses this now to be an advantage
rather than a loss, inasmuch as the
discount factor had to be adjusted
upward from 9.81 percent to 10.87
percent to accommodate the change.
One could say that a certain amount
of destructive product obsolescence
had been e l i m i n a t e d by the
maneuver.

To investigate the above in greater
detail the standard sales volume was
first adjusted to fix the rate of return
at 10 percent. This determined the
sales to be $12,274 thousand/year.
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EXHIBIT E-11

(no new competition)

Case

New Standard
10 year market

1 year delay
12 year market

2 year delay
14 year market

3 year delay
16 year market

Sales
K$/year

12,274

12,274

12,274

12,274

Discount
Rate

Percent

10.00

10.61

10.82

10.77

Next it was assumed that this sales
volume held constant for three cases:
1 year, 2 years, and 3 years delay to
marketing. In these calculations the
discount rate was adjusted to effect a
net present value of zero in each case.
The results are shown in Exhibit E-
11. It will be observed that the rate
first rises then drops, its maximum
value being <v 10.85 percent. It can
thus not be claimed that such delays
are in fact detrimental to a profit
seeking management. An incentive to
invest more R&D could result .
Whether or not these extra returns
can be realized could depend on the
possibility of new competition. This
is investigated in the next set of
calculations.

In this set it was assumed that an
additional peer type company would
enter the field if it could realize the 10
percent return, otherwise not. This
can be examined by fixing the

discount factor at 10 percent and
adjusting sales to yield net present
value of zero for the various time to
market delays. This is shown in
Exhibit E-12 wherein it may be
observed that the sales volume drops
and then rises again, the minimum
v a l u e b e i n g s $ 1 1 , 0 6 0
thousand/year. Whether or not anew
competitive company at the same
average sales volume of the original
companies could enter the field under
these conditions would depend on the
number N of companies already in
the field. Thus if: 12.274N = 11,060
(N+l) the public demand would
permit one more competitor at 10
percent return. For this equation to
hold in the instance cited N 4^9. In
the presentation to the Panel by one
company, the market f r ac t ion
assumed was one-third. Thus nine
companies in a given pesticide field
or class would appear high. If so, no

EXHIBIT E-12

(with new competition)

Case

New standard
1 0 year market

1 year delay
1 year market

2 year delay

3 year delay
16 year market

Sales
K$/year

12,274

11 458

11 093

11,125

Discount
Rate

Percent

10.00

10.00

10.00

10.00

new entries would occur and the
delays cited would have a beneficial
effect on profits.

In the above no allowance was
made for patent limitations on the
period of commercialization, as these
were only slightly exceeded, and
moreover it is not clear the field is
open to non-peer type companies in
any event.

The next group of calculations deal
with the ethical drug case. These are
characterized by smaller investment
in plant but somewhat greater
investment in R&D time and money.
Also the period of commerciali-
zation is longer so that patent limi-
tations may more readily limit the
period of profitability. (See Exhibits
E-13 and E-14}.

The first set of perturbations were
similar to those in the agricultural
chemical case except that the effect of
displacing in time the smaller plant
was not investigated. Instead the
effect of one and two year delays
were calculated with no other
changes and for a fixed, i.e. 15 year
period of commercialization. (See
Exhibit E-15).

Next a test similar to the one used
in the case of agricultural chemicals
was applied here. A calculation was
made wherein the period of
commercialization was allowed to
increase in proportion to the delay in
R&D. The case chosen was for a two
year additional delay in time to
marketing with a 20 year period of
commercialization. The discount
factor adjusted to effect a new
present value of zero was 11.13
percent, only slightly below the
initial value for the standard case,
and a whole percent above the two
year delay restricted to 15 years of
c o m m e r c i a l i z a t i o n , W i t h o u t
pursuing this further it was assumed
that the same general result would
obtain; namely, that if the total
demand is regarded as fixed there is
little if any detrimental effect of
delay.

Finally the possible effect of patent
period limitation was investigated.
In this study the standard case was
restructured to limit sales to a 13 year
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EXHIBIT E-13

ED 1 - STANDARD CASE

Year

0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

Sales, S
K$

3000
6000
9000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000

R&D
Costs, C
K$

-800
-1600
-1600
-2000
-1200
-800
5210
5252
7294
8336
8336
8336
8336
8336
8336
8336
8336
8336
8336
8336
8336
2400 W.C.

s-c
K$

-2210
-252
1706
3664
3664
3664
3664
3664
3664
3664
3664
3664
3664
3664
3664

S-C
Net of
Taxes
K$

-416
-832
-832
-1040
-624
-416

-1149
-131
887
1905
1905
1905
1905
1905
1905
1905
1905
1905
1905
1905
1905

Dep.
Allow.
K$

128
111
96
83
72
63
54
47
44
44
44
44
44
43
43

Capital
Costs
K$

-300
-660
-2400

Net
Cash
Flow
K$

-416
-832
-832

-1040
-924

-1076
-3421

-20
933
1988
1977
1968
1959
1952
1949
1949
1949
1949
1949
1948
1948

Discount
Factor

0.9516
.8611
.7791
.7050
.6379
.5772
.5223
.4726
.4276
.3869
.3501
.3168
.2866
.2593
.2347
.2125
.1923
.1740
.1574
.1424
.1289
.12245

Net
Present
Value
K$

-396
-716
-648
-733
-589
-621

-1787
-9

420
769
692
623
561
506
457
414
375
339
307
277
251
294

+787

period following issue of a patent in
the second year of product develop-
ment. A 12 percent discount rate was
assumed and sales were adjusted
accordingly. This was then compared
with a further delay of commercial-
ization of only 12 years. Sales were
again adjusted to see what greater
market was required to yield the 12
percent return.

Exhibit E-16 reveals the need for
n/17 percent greater sales.

CONCLUSION

1. The two health related chemical
industries examined here have up to
the present been strong, profitable
and highly research intensive.

2. Though barriers may be erected,
either through a genuine need to
effect more sophisticated research or
for additional public demand for
proof of safety and efficacy, there are
compensating factors which may
maintain high industry profits. Of

EXHIBIT E-14

ED 2 - VARIOUS DISCOUNT RATES

Year

0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
W.C.

Net
Cash
Flow
K$

-416
-832
-832

-1040
-924

-1076
-3421
-20
933
1988
1977
1968
1959
1952
1949
1949
1949
1949
1949
1948
1948
2400

11%

.9465

.8479

.7596

.6805

.6096

.5461

.4892

.4382

.3926

.3517

.3150

.2822

.2528

.2265

.2029

.1818

.1628

.1459

.1307

.1171

.1049
.09936

Net
Present
Value
K$

-394
-705
-632
-708
-563
-528

-1674
-9

386
699
623
555
495
442
395
354
317
284
255
228
204
238

+202

12%

.9418

.8353

.7408

.6570

.5827

.5169

.4584

.4066

.3606

.3198

.2837

.2516

.2231

.1979

.1755

.1557

.1381

.1225

.1086

.0963

.0854
.08046

Net
Present
Value
K$

-392
-695
-616
-683
-538
-556

-1568
-8

354
636
561
495
437
386
342
303
269
239
212
188
166
193

-275

13%

.9371

.8228

.7225

.6344

.5571

.4892

.4296

.3772

.3312

.2908

.2554

.2243

.1969

.1729

.1518

.1333

.1171

.1028
.09027
.07927
.06960
.06522

Net
Present
Value
K$

-390
-685
-601
-660
-515
-526

-1470
-8

326
578
505
441
386
337
296
260
228
200
176
154
136
157

-695
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particular note among these is the
genuine public demand for some vital
product whether it be new or old.
This lends stability and inertia to the
system.

3. If the high talent capable of
innovating new chemical entities is
still required to maintain the slower
pace, one might expect profits to
remain high in order to sustain that
talent even though it has been some-
what redirected to the maintenance
of a status quo.

4. In any case the public pays for
the result, the only trade-off being
perhaps the one in which the barriers
were exchanged for new products.
Whether that exchange is in the
public interest cannot be analyzed by
the methods and data of this section.

5. If the barriers become too high at
some point certain type projects are
not attempted even at the slow pace.

EXHIBIT E-15

Case

Standard
1 year delay
2 vear delav

Discount
Rate

Percent

1 1 43
1073
10.11

Loss in
NPVK$

338
(extrapolated)

EXHIBIT E-16

Case

Discount
Rate

Percent

12 year commercialization

630

Sales
K$/Year

New standard
13 year commercialization 12.00

1 year delay
12.00

13,821

15,944

Exhibit E-16 reveals the need fora* 17'percent greater sales.
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APPENDIX F

I. REGULATORY PRACTICES ABROAD*

The basis for policy deter-
minations in the chemicals and
health area is a composite of
s c i e n t i f i c u n d e r s t a n d i n g and
relevant information of other types.
The policies adopted are imple-
mented through legislation and
regulatory practices. They influence
the ways in which pharmaceuticals,
pesticides, and other chemicals are
used, scientific and informational
inputs to policy makers are provided,
and public understandings of policy
are fostered. They influence both
human health and the political and
emotional climate in which current
policy decisions are reached, and
future ones deliberated.

The governmental mechanisms
established to secure the requisite
insight and information, communi-
cate it to policy makers, blend it with
non-scientific considerations, use it
to apply existing standards or set
new rules, and communicate it to the
public all contribute to influence the
physical and emotional health of
citizens.

Practices in the United States are
discussed at length in other sections
of this document. The ways in which
four European nations handle policy
and policy implementation in the
chemicals and health area have been
researched and reviewed in an effort
to recognize similarities and
differences that may be informative
and helpful. The four are England,
the Federal Republic of Germany, the
Netherlands, and Sweden. Among
them there are sufficient differences
in population, wealth, health statis-
tics, and 20th Century history to
insure that no too-narrow basis for
comparisons would be erected. The
few numbers gathered on the
following page provide a sketchy
outline of important statistical

parameters for the United States and
these four European countries.

Experimental data necessary for
reaching sound regulatory decisions
are done by a variety of organi-
zations.

Industrial concerns wishing to
gain registration for a new pharma-
ceutical or pesticide or food additive
must supply data supporting claims
of safety and efficacy.

University and governmental
research institutes maintaining
programs in related disciplines such
as toxicology, plant protection, and
food science provide two essential
resources: scientific data on a range
of topics including some but not
restricted only to those having
immediate practical import, and
scientifically active and acute
individuals, able to evaluate data and
arguments presented by industrial
firms to gain registration for their
chemical formulations.

The precise pattern varies from
country to country, but this basic
pattern is constant: the large
majority of product-specific, applied
research is done by industry.

Swedish authorities, for instance,
estimate that research and related
costs for the introduction of one new
agricultural chemical are $5 million
for the firm. The National Poisons
and Pesticides Board, responsible for
acting on all petitions for regis-
t r a t i o n of new ag r i cu l t u r a l
chemicals, has an annual budget of
$300,000 for everything, including
outside consultants: in the course of
one year they handle applications for
about 10 new active chemicals and
100 new formulations of previous
approved chemicals.

Fuller state-sponsored testing is
done in the Netherlands: state
institutes test pesticides for per-

formance, as well as toxicity and side
effects. But these tests are few and
limited, relative to those performed
by a company prior to application for
registration.

The funding for state-supported
research institutes may be estimated
through a few examples. In the
Netherlands, the total government
spending for medical and public
health research in 1969 was $13.5
million. Germany spent $4 million
for all environmental research in
universities in 1970. All environ-
mental research in Sweden is
currently estimated to cost $4.6
million a year. In the United
Kingdom, the Medical Research
Council was budgeted at $48.4
million in 1971.

Precise comparisons among these
figures and the costs of similar enter-
prises here are difficult at best.
Perhaps it is sufficient to note that
Federal programs in these areas in
the U n i t e d Sta tes a r e m o r e
splendidly funded, absolutely and on
a per capita basis.

Research directed toward a more
fundamenta l understanding of
biological responses to chemical
agents is conducted in laboratories of
every description: independent yet
government-supported labora-
to r i e s , such as the G e r m a n
Gesellschaft fur Strahlen-und
Umweltforschung or the Swedish
National Veterinary Ins t i tu te ;
universities, medical schools,

* During the course of the deliberations of the
PSAC Panel on Chemicals and Health, two
delegations were sent to three countries of
Western Europe and to the United Kingdom to
observe the regulatory practices in those
countries. The following pages represent
summary remarks which followed on these
visits.



196

hospitals, and agricultural colleges;
governmental laboratories with a
well-focused responsibility, such as
Plant Protection Service of the
Netherlands, or the Toxicology
Research Unit of the Medical
Research Council at Carshalton,
England; industrial laboratories; and
in some facilities jointly supported
and controlled by industry and the
government, such as the Nether-
lands Organization for Applied
Scientific Research (TNO) or the
British Research Associations,
including the British Industrial
Biological Research Association
(BIBRA).

While the quality of the basic
research done in these estab-
lishments is often excellent, limi-
tations on resources and manpower
are such that great reliance must be
placed on larger and wealthier lands,

and on the published literature:
however outstanding the basic
science done, especially in the
Netherlands (13 million population)
and Sweden (8 million), these
countries will never be self-sufficient
providers of all their basic research
needs. They strive, then, to make sure
that what science is funded is good
enough to count.

In all four European countries,
petitions for registration of new
pesticides, drugs, and food additives
are evaluated by the staff members of
the appropriate governmental
agency, and decisions are reached by
an advisory board or committee,
composed of civil servants, univer-
sity scientists, and other pro-
fessionals. These are individuals of
experience and tested judgment,
some with specialized scientific
competence, others having broader

and/or different special strengths.
For solid scientific findings to have

a positive influence on policy, good
science must first be done (requiring
support in a steady fashion) and it
must be appreciated by the policy
makers. The normal European
practice of having men and women
from scientific and non-scientific
p r o f e s s i o n a l b a c k g r o u n d s on
regulatory boards aids in achieving
this needed appreciation: whether
such boards are making a judgment
on a new drug application for regis-
tration or considering a new legis-
lative proposal suggested by a
governmental ministry, they can deal
effectively with the scientific
aspects, including the recommen-
dations of any scientific advisory
panels that may have contributed an
opinion, since board members under-
standing the science may be under-

EXHIBIT F-1

COMPARATIVE STATISTICS, FOUR EUROPEAN LANDS AND THE UNITED STATES

VITAL STATISTICS, FOOD CONSUMPTION, HEALTH SERVICES,

DOMESTIC PRODUCT

Population Increase (%)/year. . . .
Population Density (per km1 ) . . .

Expectation of Life at Birth
Male

Expectation of Life at 50
Male
Female

Infant Death Rate
(per 1000 live births)

Food Consumption Per Capita

Population Divided by
Hospital beds
Physicians

Gross Domestic Product
thousand $ per capita

England1

49
0.6

324

68.7
74.9

22.9
28.2

17.9

3180
88

100
860
332

2.3

Germany3

60
1.0

240

67.6
73.6

23.0
27.8

23.5

2960
81

90
580
336

3.3

Netherlands

13
1.2

319

71.0
76.4

24.9
29.2

12.7

3030
84

190
840
255

2.6

Sweden

8
0.8

18

71.9
76.4

25.7
29.2

13.1

2990
83

70
800
235

3.6

United States

205
1.2

22

66.6
74.0

22.8
28.2

19.8

3240
96

120
650
210

4.6

'"England" In some listings should read "England and Wales", In others "United Kingdom".
J Federal Republic of Germany.

Source: "Demographic Yearbook 1970" and "Statistical Yearbook 1970"
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stood by their non-scientif ic
colleagues: they know one another
through usually long-standing
service on the board.

This is not the common practice in
the United States. Scientific
advisory mechanisms are considered
more as one level of input in a
complex decision-making process
than as one component to be
considered at every level as policy
alternatives are weighed.

Better integration of the results of
good science with the decision-
making activities of governmental
agencies having responsibilities in
the chemicals and health area might
be achieved, and better profes-
sionals recruited for such service,
through maintaining a concern for
the facts of the matter at every stage
of decision-making deliberations.

The extent to which the deliber-
ations of the review committees are
final or merely advisory to a
minister, and are public or private, is
not uniform. The national boards and
regulatory agencies in Sweden have
the final say, and make publically
available their decisions and
reasons. Company-supplied data are
held in confidence, but all corre-
pondence into, out of, or within such
a board is available for public inspec-
tion. In England, by contrast, the
review committees make recom-
mendations to a departmental
administrator which are neither final
nor public. The Netherlands and
G e r m a n y f a l l b e t w e e n the se
extremes.

A close link between universities
a n d g o v e r n m e n t a l r e g u l a t o r y
agencies is aided by many joint
appointments: a prestigious univer-
sity chair is often coupled with a
directorship of a state-sponsored
non-basic research institute. Thus
practical issues and basic science are
urged to illuminate and orient one
another.

Public opportunity for partici-
pation in specific regulatory
decisions is very small, while there is
wide scope for public inputs on new
legislation. Special interest groups
and private citizens have fair oppor-

tunity for presenting their criticisms
and suggestions on draft legislation,
and for making their opinions felt.
But they have no immediate way to
control whether or not DDT will be
permitted in the forests to protect
tree seedlings.

A governmental agency faced with
responsibil i ty for a part icular
decision may need information of a
specific sort. It may go after such
informat ion through in-house
efforts, contracted studies, and
s h o r t - t e r m n a r r o w l y - d e f i n e d
research projects. All these tactics
are used. In Sweden, for instance, the
N a t u r v a r d s v e r k m a i n t a i n s a
program of water and air sampling
needed to make and enforce pollution
standards; the National Veterinary
Laboratory analyzes fish and small
mammals collected from throughout
the country to monitor pesticide
residues and metal ion concen-
trations in wildlife and indirectly in
the e n v i r o n m e n t . The TNO
Committee in the Netherlands can
commission research or study efforts
it sees may be necessary. The
Ministry of Science and Education of
the Federal Republic of Germar-y has
the authority and funds needed for
special continuing as well as ad hoc
study and experimental efforts.

Such short-term informational
needs are recognized as important
and absolutely necessary; in the
European lands visited, they are ful-
filled by the agencies in need, acting
through governmental laboratories
or independent contractors. They are
not directly competitive with long-
term scientific undertakings for man-
power and funds. For instance, in
Germany funds for fundamental
research are appropriated by the
Ministry of Science and Education to
the German Research Foundation,
which then distributes them to
research institutes and projects
throughout the country according to
some scientific priority system. The
Ministry also offers matching grant
funds to industries, to attempt to
stimulate new technological develop-
ments leading to cleaner production
methods, and lets contracts to

research centers for highly applied
information-gathering projects. The
decision as to the proper proportion
in financial support between short-
term studies and long-term scien-
tific investigations is made by a
politically responsible cabinet; no
agency having a regulatory function
and a primarily short-term focus is
entrusted with funds to be spent at
its own discretion for both short-
term and long-term research proj-
ects, and no agency charged with
long-term responsibil i t ies for
fostering creative scientific thought
and experimentation is entrusted
with authority over funds to be spent
either for science or for information-
gathering efforts that may help a
regulatory body with its work
immediately.

Detailed policy, for instance pesti-
cide residue tolerances for foods or
registration of a food additive, is
typically made in Europe at a
working-group level. A board or
commission charged with respon-
sibility for the topic deliberates,
renders a decision, and makes it
public. High public officials respon-
sible for national policy goals are not
directly involved, nor can they
s e c o n d - g u e s s t h e b o a r d o r
commission and reverse its judg-
ment. The system, then, tends to keep
whatever controversies that arise
more limited to factual and judg-
mental disputes: the political convic-
tions or style or ambitions of the
Minister of Health are irrelevant.
Appeal of decisions made by boards
and commissions may be made in
orderly ways, much as court
decisions in this country may be
appealed, Regulatory decisions, then,
are not so sensitive to the tides of
political pressures and opinions.

The European countries manifest
an increasing awareness of the issues
related to chemicals and health, by
the public, civil servants, and poli-
ticians. This awareness is reflected
in journalistic rhetoric and more
importantly in new legislative pro-
posals and increased appropri-
ations. The voluntary system
controlling therapeutic drugs in

528-750 O - 73 - 15
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England is now being supplanted by
one based on explicit statutory
authority. Within the last year
Sweden and the Netherlands have
changed the structures of ministries
and administrative agencies to
improve and augment governmental
control of chemicals. In Germany,
interministerial working groups
have, for the first time, been formed
to face the environmental pollution
problem in all its ramifications, and a
constitutional amendment to give the
Federal government more authority
over environmental chemicals has
been proposed. In Europe, as in
America, the problems are seen and
governments are at tempting to
provide improved health and safety
through new programs and prior-
ities.

Current legislative authority is full
of loopholes. In Germany there is
authority over pesticide residues on
food derived from plants, but not
when it is of animal origin. In
Sweden, f o o d add i t ives are
controlled by agencies given
authority over substances in foods
that are "toxic or damaging in any
other way." Challenges through the
courts of rules set by the Depart-
ment of Food Hygiene as they
exercise this authority could reveal
the fragility of such a vague legal
base. The Dutch parliament has
asked for a new law requiring better
information on the use of pesticides.
In England, no statutory regulations
govern pesticides!

The international aspects of regu-
lations and practices are more
acutely sensed in Europe. Air and
water pollution from neighboring
countries is a constant and deeply
resented occurrence and national
boundaries may be a serious barrier
to agricultural produce, dairy
products, and meats. Cooperation
with the countries of Eastern Europe
on environmental and public health
matters is still a fond hope, a worthy
enterprise for some future year.

Increased concern over the
environment and human health has
focused attention on the importance
of long-range land-use planning. The

location of industrial facilities and
the development of new residential
districts are seen to be related to
problems in water and air pollution,
and planning efforts commensurate
with the task are being contem-
plated.

The participation of the press and
special interest groups in the
environmental and health-care
debates are similar in character and
extent to what has evolved in the
United States over the past few
years. Public confidence in the
ability and objectivity of those
making regulatory decisions may be
slightly higher in Europe than in
America, but there are still more than
a few wishing to ban all "synthetic
chemicals" and imagining that all
regulatory boards are cat's-paws of
rapacious chemical industries.

The four European countries
visited have balanced the allocation
of resources between better under-
standing and better control of
chemicals in quite different ways. In
the Netherlands, very thorough food
inspection programs, public health
consciousness, and preventative
medicine are stressed to achieve a
maximum beneficial return from
currently available knowledge at the
same time as long-term health
research programs are maintained at
a significant but not massive level.
Sweden has not yet felt the need for a
national center for long-term toxi-
cological testing to be worth the cost,
but spends heavily on public infor-
mation efforts. In Germany, the
opposite option is being pursued, a
choice partly forced by the circum-
stances of federal-state relation-
ships: the federal authority can
invest in a new laboratory complex
for the toxicological evaluation of
chemicals in microorganisms, single
cells, cell cultures and test animals
(90,000 mice and several hundred
dogs), to give special emphasis to
persistent and potentially dangerous
substances, but the government in
Bonn may not sample foodstuffs in
the market place or water from rivers
in the Lander.

Neither advisory bodies nor

regulatory agencies in England,
Germany, the Netherlands, and
Sweden are failing to cope with their
responsibilities in spite of modest
funding and imperfect knowledge.
Though smaller in size and financial
resources, the Netherlands and
Sweden especially have achieved
particularly impressive health
statistics. Through the use of boards,
concentrating the maximum pos-
sible information and authority and
accountability at the lowest pos-
sible level, comparatively effective
structuring of the scientific-
administrative interface and sound
regulatory decisions have been ob-
tained. The division of resources be-
tween short-term studies and long-
term basic science is not placed in the
hands of an administrator of a
regulatory agency or a basic science
foundation. The resource allocation
is argued and made by politically
responsible and accountable groups
in cabinets and parliaments. Full
application of existing knowledge is
attempted: deeper understanding of
chemistry and biology is recognized
as necessary for the future, but it is
not accepted as the sole element
limiting the health and well being of
men and women today.

These three points seem the most
pertinent. All three involve deci-
sion-making (regulatory actions,
standards, and laws; research fund-
ing priorities; the balance between
using and getting (greater knowl-
edge) at the heart of public policy
issues in the chemicals and health
area.

Regulatory decisions on chemi-
cals having an impact on human
health in England, Germany, Swe-
den, and The Netherlands are
typically made by groups of experts
to whom this responsibility has been
entrusted. The decisions are reached
in nearly complete insulation from
transient political pressures, and are
generally accepted to be probably as
wise and sane as could be acheived.

In the United Kingdom, regulatory
decisions on drugs, food additives,
and pesticides are made by commit-
tees composed of academic scien-
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tists and outside professionals, aided
by civil servants handling prelimi-
nary evaluations and informal
business with the petitioning indus-
tries before decisions are rendered.
The Committees do their work in pri-
vate, and do not generally provide
justifications for their decisions to
the public.

The drug-control authority is exer-
cised by the Committee on Safety of
Drugs. It is a group of experts, not a
representative body, which scruti-
nizes new drugs proposed for clini-
cal trials, those performing well in
clinical trials and proposed for
marketing, and drugs on the market.
Its subcommittee structure reflects
these three aspects of medicines;
there are subcommittees on Toxic-
ity, on Clinical Trials and Thera-
peutic Efficacy, and on Adverse Re-
actions. A Vaccine Advisory Group
of distinguished experts gives
recommendations to the Committee
on the safety of new vaccines prior to
clinical trials.

Independent experts serve on the
subcommittees together with mem-
bers of the Committee on Safety of
Drugs. They meet monthly, and their
advice and recommendations are pre-
sented at the monthly meetings of the
Main Committee.

The full-time professional staff for
the Committee, seven physicians and
two pharmacists, are civil servants
working for and under the direction
of the independent experts. They are
widely experienced in drug evalua-
tion, and work efficiently and
responsibly. Their staff work on new
drug submissions leads to a report
sent to committee members, to-
gether with a copy of the full submis-
sion, within a period of three to four
months. Submissions for reformula-
tions are assessed within a few
weeks.

The Committee does not specify
rigid pre-clinical testing require-
ments for new drugs; the manufac-
turer has the responsibility for plan-
ning the appropriate assessments of
a c o m p o u n d ' s c h e m i s t r y ,
pharmacodynamics, metabolism,

acute and intermediate term toxic-
ity, teratology, and interactions with
other common established drugs.

Informal contact with the Commit-
tee is maintained by the physician
responsible for the clinical trials for
the pharmaceutical company.

To get marketing approval, ade-
quate evidence of efficacy in relation
to safety must be presented. The
quality of work done is more impor-
tant than the quantity; the question is
simply, "Do the clinical trial data
provide proper support for the use of
the new drug in the proposed clinical
indications?"

Occassionally a "monitored" re-
lease or limited marketing approval
is granted.

The Committee on Safety of Drugs
exists to provide an authoritative
and independent second opinion at
each stage of a drug's development,
thus attempting to achieve vigilant
safety monitoring and yet to impose
no unnecessary impediments to the
emergence of important new drugs.

The Committee on Safety of Drugs
assesses some 60 new drug applica-
tions, 800 reformulations, and 3,000
adverse drug reaction reports each
year.

The Committee is not concerned
with where clinical studies were con-
ducted, as long as the documenta-
tion is satisfactory and the quality of
the work high. There is no approved
list of clinical investigators. No
at tempt is made to judge the
comparative efficacy of safe drugs in
the same therapeutic category.

A report on the work and deci-
sions of the Committee is published
annually by Her Majesty's Sta-
tionery Office.

In the Federal Republic of Ger-
many, regulatory decisions on
applications for registrations of new
agricultural chemicals are made by
the Federal Biological Institute after
adequate testing.

The chemical formulation must
prove effective for the intended
applications, comply with trade
regulations, and have no injurious
effects on human or animal health,

when used according to prescribed
techniques of application.

The professional staff of the
Institute's toxicology section analyze
the data submitted with applica-
tions for registrations, and conduct
additional research with the
formulations, both in the laboratory
and through field trials. These
professionals are also engaged in the
long term research programs of the
Institute, dealing with the toxicology
of the especially persistent and
widely used agricultural chemicals,
and on substances suspected of being
carcinogenic.

A rough analogy would be for re-
search scientists at an NIH labora-
tory to be responsible both for their
toxicological investigations and for
the decisions on agricultural chemi-
cals now made by the EPA
administrator. The expert group
making the regulatory decisions is
within the civil service and it is
scientifically active and competent.
The expert committee includes
participants from several testing
centers and laboratories, and
representative public health authori-
ties.

A similar reliance on in-house ex-
pert opinion is in evidence in The
N e t h e r l a n d s . The r e g u l a t o r y
mechanisms are closely structured
into the governmental ministries.

A firm petitioning for registration
of a new drug in The Netherlands, for
instance, must send with the applica-
tion all data obtained in their testing
programs and must supply a sample
for chemical control testing by
governmental laboratories.

The petition is considered by three
groups within the Ministry of Public
Health and Environmental Hygiene.
Clinical data are analyzed by a
pharmacological therapy group;
experimental data for animal tests by
a pharmacy group; and chemical data
by the chemical control laboratory.
Throughout the review process,
questions or concerns may be raised
informally with the petitioning firm
for clarification.

The bureaucratic divisions for the
Registration of Pharmaceuticals may
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and often does seek the counsel of
outside experts, but the decisions are
made internally, within the Minis-
try.

About 70 new drug applications
are received and processed each year,
Judgments on petitions for registra-
tions must be rendered within cer-
tain time limits.

Clinical testing of a new pharma-
ceutical is possible whenever a doc-
tor is willing to undertake the test
program. An adverse drug reactions
bureau is maintained, but it has not
been wholly successful.

Although the State may recognize
needs for certain new drugs, such as
anti-cancer agents or a substitute for
digitalis for treating various heart
conditions, it feels no responsibility
toward the development of new
drugs. They only ask that people get
what the firm marketing the drug
claims, and that the benefit/risk ratio
of the preparation is reasonable. The
relative efficacy issue is not ad-
dressed through science at the re-
viewing stage, but later in the market
place.

An Advisory Commission on
Pharmaceutical Compounds advises
the Ministry on which substances
may be sold with or without
prescription. A State Institute is
maintained which tests for toxicity
of pharmaceuticals to supplement
the results coming from private
laboratories.

The execution of policy in the
chemicals and health area in Swe-
den rests with administrative
boards, such as the National Board of
Health and Welfare, the National
Veterinary Board, and the National
Poisons and Pesticides Board. The
board members serve 3-or 4-year
appointments.

These boards are remarkably
independent of political influence.
Ministers, including the Prime
Minister, may not give orders or any
binding directives to a Board, nor can
questions concerning individual
administrative decisions made by the
Boards be raised in the Riksdag, the
Swedish parliament.

All documents received by or sent

from public institutions such as these
boards are open to public inspection
at once: the few exceptions, such as
military and diplomatic secrets, and
information on the private circum-
stances of individuals, are stipu-
lated by specific legislation.

An example of such a regulatory
agency is the National Poisons and
Pesticides Board, responsible for the
registration of pesticides. Staff work
for the Board is done by seven or
eight professionals and an equal
number of clerks and typists.
Administratively, the Board comes
under the Ministry of Health and
Welfare; it has an annual budget of
about $300,000, everything in-
cluded—staff, clerical help, and two
inspectors of chemical manufac-
turing plants.

Firms wishing to register a new
pesticide submit an application and
supporting documentation, attest-
ing to the efficacy and safety of the
product. A staff member of the
Poisons and Pesticides Board
examines the documents; he may and
usually does use the mails or tele-
phone to seek additional informa-
tion, from the firm or from other
knowledgeable people in the govern-
mental agencies, universities and re-
search institutes, agricultural
colleges, the Plant Protection Insti-
tute, or elsewhere.

When an adequate basis for a deci-
sion has been obtained, the petition
for registration is presented before
the Board at one of their monthly
meetings. The staff member respon-
sible for examining the application
and documentation answers ques-
tions and participates in the Board's
consideration of the merits of the
case. The Board makes the decision to
approve, reject, or defer action on the
application.

The Board itself is composed of
eleven members and eleven alter-
nates. The Chairman is a full-time
staff member of the agency; and
others come to the monthly meetings
bringing expert opinion and perspec-
tives based on diverse professional
activities. Among the Board mem-
bers there are four professors, two

members of the Riksdag, a pharma-
cist, a consulting physician, the
director of the Food Additives sec-
tion of the Ministry of Commerce, an
engineer, and the technical director
of a chemical firm. The professors are
affiliated with the National Veteri-
nary Institute, the National Plant
Protection Institute, the National
Medical Advisory Council and the
Toxicological Inst i tute of the
Karolinska Hospital, and the Na-
tional Institute of Public Health,
Among the alternates there are men
associated with the Veterinary
Colleges, the National Board of
Industrial Safety, Lund University,
the National Pharmaceutical Labora-
tory, the Provincial Physicians
Organization, and the National
Office for Technical Development.
Thus both broad experience and
interagency communication on a
person-to-person basis is focused as
the Board renders its judgments.

The Poisons and Pesticides Board
handles applications for about 10
new active chemicals and 100 new
formulations of previously approved
chemicals each year. Registration is
granted if the Board considers the
preparation both safe and effective;
the material need not be more effec-
tive than products already on the
market.

Test results submitted by the
manufacturer and the research of the
National Plant Protection Institute,
the Swedish Agricultural Colleges,
field research institutes in other
northwestern European countries,
and laboratory research findings in
the published literature will all be
weighed as the application is consid-
ered.

Whenever the Board makes a deci-
sion, it outlines the scientific basis
for that decision. Usually the deci-
sions are communicated only to the
firm seeking registration. When pub-
lic interest requires a broader public-
ity, the Board cooperates with the
press and TV in an attempt to inform
the citizenry. Policy changes regard-
ing DDT and 2,4,5-T offer recent
examples.

The two members of the Swedish
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parliament on the Board were earlier viewpoints and the interests of pro- the Riksdag or the Ministries, they do
a farmer and an electrician. They are ducers and consumers. When the so directly, not through their two
expected to represent both political board has business to conduct with Riksdagmen.
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1,2-benzanthracene, 64
2,4,5-T, 57, 58, 59, 108, 132, 200
2,4-D, 53, 58
2,4-dichlorophenoxyacetic acid, 55
3,4-benzpyrene, 64
Abrasive peeler, 72
Absence of disease, 33
Absolute safety, a misnomer, 91
Absorption, 125
Accidental:

Human exposures, 92
Poisonings, 156
Poisonings, drugs, 157

Accidents, 152
Deaths, 35, 36, 154, 157, 160

Accidents with chemicals, 146, 163
Chemicals, deaths, 146

Acetic acid, 69
Acetylcholinesterase, 57
Acquiring knowledge, 29, 87ff
Acrylonitrile, 27
Addicting drugs, deaths, 35, 36
Additives, food packaging, 69
Adhesives, 77
Adjusted percent of deaths, 145
Adverse reaction in hospital, 20, 149

Reaction reporting, 124
Reactions, deaths, 35, 36, 146, 154

161
Reactions of drugs, 27
Side effects, 92, 123

Advisors, in drug testing, 129
Advisory Board of Review, 7,13, 129

Mechanisms, 30
Mechanisms, foreign, 196

AEG (U.S. Atomic Energy
Commission.)

Budget, 96
Research support, 88

Age pattern, deaths, 141
Ages at death, 34
Agricultural chemicals, 85, 90-91

104ff, 173
Chemicals, restricting, 85
Revolution, 56

Air pollutants, 138
Air pollution, 27, Biff, 141, 159, 198

Episodes, 82
Deaths, 36, 146, 156, 158
Trends, 81

Air transportation, 134
Airborne particles, 146, 161

Deaths, 35, 36, 156ff
Alcohol, 119

Abuse, 8-9, 27, 141
Abuse, deaths, 33, 35, 36, 37, 146

154, 156, 161
Alcuronium chloride, 113
Aldrin, 57
Alfalfa weevil, 59
Algae, 83
All accidents, 149
Allergenicity, 74
Allergic reactions, 43
Alligator weed, 59
Allopurinol, 41
Almonds, 64
Alternatives, desirable, 6
Ambient air quality, 127
Amino acids, 72
Anderson, O. A., 49
Anesthetics, 41
Aniline dyes, 74
Animal drugs, amount, 51ff

Drugs, benefits, 53
Drugs, hazards, 52
Medicines, 51ff
Studies, 43

Annual grasses, 56
Report, 17

Anti-infective agents, 173
Anti-inflammatory drugs, 41, 173
Anti-trust, 22
Antiarrhythmic drugs, 41
Antibiotics, 34, 39, 47, 51, 52

In feed, 53
Value, 53

Anticancer drugs, 47
Anticonvulsants, 41
Antidepressants, 41
Antihelmithics, 52
Antihistamines, 41
Antihypertensive agents, 41
Antiperspirants, 74
Antipoliomyelitis vaccine, 43
Antipsychotics, 41
Antihiamin, 65
Appeal mechanisms, 30

Appeals, proper role, 128
To be minimized, 128
Vital, 128

Appellate decisions, 127
Apples, 55
Applications held, 15
Arsenic, 124
Arsenicals, 51, 52
Arteriosclerosis, 152
Arteriosclerotic heart disease, 35

141, 149
Arthritis, 33
Asbestos deaths, 157

Exposure, 78
Ascorbic acid, 66
Aspirin, 44
Asthma, 74, 158
Atomic Energy Commission,'see

AEC.
Atrazine, 56
Australia, 119
Automobile accidents, 33, 154

Emissions, 87
Polluting, 83

Automobiles, danger, 119, 134
Average smoker, 146
Azo dyes, 66

Bacterial septicemias, 40
Balanced decisions, 5, 30, 98

Decisions, need for, 87, 126
Information, 11-12

Bananas, 55
Basic research, cost, 172
Beagle dogs, 44
Beans, 56
Benefit, hard to measure, 93
Benefits of drugs, 39ff

Studies of, 98
Benign respiratory diseases, 142
Beryllium, 157
Better-balanced decisions, 2
Betterment, required, 122
Biochemistry, 39
Biological control, 59ff

Effects of chemicals, 94
Pest control, 19
Preparations, 39
Processes, knowledge, 98ff

Bioscience, 178
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Bird shell thinning, 81
Bird, H. R., 61
Birds, 58
Birth defects, 44, 57, 92
Bladder cancer, 157

And coffee, 35
Blake, }., 76
Blocking agents, 41
Blood pressure, 41
Bloom, B. M., 47, 49, 118, 179
Boards, free of influence, 199
Bonn, 198
Bordeaux mixture, 55
Borneff, J., 76

...ge, 43
oieast tumors, 44
Brinkley, P., 193
Broad constituency, 30

Participation, 30
Spectrum insecticides, 54

Broadleaf weeds, 56
Broilers, 53
Bronchitis, 35, 141, 158, 159

Deaths, 159
Bronchopulmonic diseases, 141, 158
Burns, J. J., 48, 49, 179
Butylated hydroxyanisol, 72
Byproducts, 81ff

•Byssinosis, 78

Cadmium, 83, 85
Caffeine, 65
Calcium 64

Deposition, 64
Propionate, 71
Salts, 69

Calibresi, G., 140
Calorie intake, 73
Canada, 34
Cancellation, see Recall.
Cancer (all forms), 149, 9, 27, 28,

33, 34, 37, 57, 78
Deaths, 36, 152
Deaths, linked? 154, 161
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Hazards Ranking and Information

System, 99
Initiators and promoters, deaths,

35
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Of lung, 35, 82, 141, 149, 158
Of the liver, 149
Risks, testing for, 125
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Carbamates, 54, 57
Carbohydrates, 63, 154
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Monoxide, 81, 84

Carbonating gases, 69
Carcinogen, 64
Carcinogenic threats, 44
Carcinogenicity, 11
Carcinogens, 81
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Drugs, 47, 173
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Industry, health of, 105, 113
Innovation, U.S. role, 109ff
Insecticides, 93
Products on market, 91
Repellents, 59
Week, 174, 178

Chemicals, commercial life, 108
Export, 109, 115
For special attention, 20
Import/export, 111
Production, economics, 181ff
Trends, 114

Chloramphenicol, 40, 41
Chlorinated hydrocarbons, 54, 57, 58,

124
Chlorine, 77
Chlorogenic acid, 65
Chlorothiazide, 41
Chlorpromazine, 40, 41
Cholesterol, 9, 154
Chosen exposures, 5
Chronic alcoholism, 154

Degenerative diseases, 151-152
Epidemiology, 20
Nephritis, 152

Cigarette consumption, 143
Smoking, 6, 8, 33ff, 37, 82,142,145,

146, 156
Smoking, deaths, 33, 35, 142, 153,

161
Warning, I20ff

Cigarettes, danger, 119
Circulatory diseases, other, 35, 141
Cirrhosis of liver, 33, 35, 141, 149,

152, 154
Citric acid, 69, 72

Citrus, 55, 59
Clean Air Act, 139, 140

Amendments, 29
Clinical evaluation, 173

Pharmacology, 18, 48, 172
Studies, 123
Trials, 92

Clymer, 173
Coal dust, 157

Miners, 78
Cobalt, 63
Coccidiostats, 52
Coffee, 65, 146

Alcohol, smoking, 158
Deaths, 35, 36, 157, 163

Cohorts, 148
Coleman, 76
Colors, 67
Combination drugs, 172
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For regulatory actions, 22
Complications of pregnancy, 149
Congenital malformations 152
Contact agents, 54
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Continuity of research support, 16
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Sulfate, 55
Corn, chemical weeding, 56

Syrup, 69
Coronary heart disease, 9, 37, 73,154
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Corticosteroids, 43
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Cosmetics, 63ff, 74ff

Deaths, 74
Injuries, 74
Production, 74

Cost-benefit analysis, 30, 134, 137
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Cotton dust, 157
Coumarin, 70
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Crop rotation, 59
Cultural techniques, 60
Curative drugs, 39ff
Curran, J. P., 118, 193
Cyanide, 64, 119
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Cyclamates, 64, 70, 106, 109, 136
Cyclohexylamine, 64

Dandruff treatments, 74
DDE, 81
DDT, 53, 54, 56, 57, 58, 81, 83, 85,108,

137, 158, 200
In fish-eating birds, 83
In malaria control, 83
Deaths, 36

Death rates, by age, 149
1901 vs. 1967, 146, 147, 148
Up again, 28

Deaths, as indicators, 33
Cancer, 152
Expression, 149
Extra, 142
Linked, 151ff
Linked, accuracy, 158
Linked to threat, 33ff
Pre-adult, 159

Decision process, improved, 128
Decisions, need for credibility, 127
deHaen, P., 118, 170, 171, 179
Dehydration, 71
Delaney Amendment, 11, 29, 106,

121, 139, 140
Dengue fever, 56
Denkewaiter, R., 179
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USDA.
Commerce, see USDC and Census.
Food Hygiene, Sweden, 198
Health, Education, and Welfare,

see HEW.
Interior, see USDI.
Transportation, see USDT.

Depilatories, 74
Dermatitis, 75
DES, see Diethylstilbesterol.
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Detergents, 27, 77, 119
Dextrose, 69
Diabetes, 64, 152
Diabetic patients, 43
Diehl, 76
Dieldrin, 57
Dietary, choice, 9, 27

Composition, 37
Composition, deaths, 35, 36, 146,

154, 161
Constituents, 6

Diethylstilbestrol, 44, 51, 53, 158
Digitalis, 39, 41
Dioxin, 57, 58
Diptheria, 149, 152

Disease and exposure, see
epidemiology.

Dithiocarbamates, 55
Diuretic drugs, 41
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Desirable, 8, 122
Djerassi, C., 118, 179
DOD research support, 88
Donora, 82
Dorfman, R., 140
Dripps, R. D., 118, 179
Drug addiction, 157
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Efficacy Study, see NAS efficacy.
Hazards, 43ff
Industry, 39
Industry, trends, 44ff
Interactions, 43
Introductions, delays, 112
Introductions, exceptions, 113
Metabolism, 172
Products, shipments, 167
R&D, cost, 89ff, 103-104, 178, 182
R&D, manpower, 108
R&D, time, 178
R&D, trends, 44
Recalls, 104
Regulation, impact of, 22

Drugs, barriers to innovation, 181
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Cost of delay, 190
Differently regulated, 125
Lag in approval, lllff
Model R&D costs, 188
Multinational comparison, 111
Origin, HOff
Research-intensive, 115
Therapeutic, 124
Value of shipments, 44ff

Drunken driving, 37
Duodenal ulcers, 35
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Diseases, 34
Hepatitis, 149

Inflexible regulation, 11
Influenza, 34, 35, 149, 152
Information, careful evaluation, 115
Informed public, important, 6
Inorganic mercury, conversion, 84
Insect-borne diseases, 58
Insecticides, 54ff, 58, 122
Inspection and seizure, 119
Insulin, 43
Integrated pest control, 19
Intermediate research, 16, 29
Internal combustion engine, 85
International cooperation, 100
Interpretation by scientists, 23
Introduction, by stages?, 123ff
Involuntary exposures, 5
Irradiation, 71
Isoniazid, 44
Isoprenoid dyes, 66
Itai-Itai disease, 82
Italy, drug introductions, 113
Itching, 74

Jacoby, H., 140
Jadlow, 49, 118, 169, 178, 179
Japan, 109, 111
Japanese beetles, 59
Jordan, Henry A., 76

Kaiser Health Care Plan, 97
Kernicterus, 43
Kerosene, 53
Kidney, damage, 41

Stones, 41

Kilomouse studies, 17
Knowledge, for decision, 28ff

Of threats, 8
Priorities, 29
Limitations, 28
Risk and hazard, 87ff

Kohman, E. F., 76

L-dopa, 43
Labeling of ingredients, 24
Laboratory studies, 123
Ladybird beetles, 59
Lambs, 53
Land-use planning, 198
Lander (Germany), 198
Landsberg, H. H., 79
Largest threats first, 6
Lasagna, L., 49
Lave, L. B., 138, 140
Laws, amendment, 126
Lead, 85

Arsenate, 53
Poisoning, 78
Salts, 74

Legislative authority, loopholes, 198
Length of life, 34

Effects, 146
Lerner, M., 49
Lettuce, 72
Lice, 54
Life table, cohort, 159ff
Light traps, 59
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