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regret very much we had to cut short our hearing; however, hope-
fully that did afford people the opportunity to review the testimony
by Dr. Moore, of the EPA.

I have a feeling that everybody here today will tell the subcom-
mittee that the current system of regulating food use pesticides
really doesn’t work very well. Likewise, we all have very different
notions on how to fix the problem. This is a very, very crucial issue
for agriculture and obviously for the rest of the country.

You referred to the Delaney Clause as a paradox, Mr. Chairman.
I guess in all candor, I don’t think it is a very reasonable standard
for pesticides and the demands of the statute really don’t marry up
very well with the FIFRA Act. These conflicts between these two
statutes really result in what I call regulatory gridlock and it
weighs very heavily on the EPA and the proper administration of
that policy.

This does equate, I think, to lost consumer confidence and the
American farmer suffers as a direct result. So I see the subcommit-
tee is very uniquely positioned to really try to address these issues
andd I look forward to the testimony of the witnesses who are here
today.

Mr. BROWN. Any other committee members have any statements
to make?

[No response.]

Mr. BrRowN. In that case, we then will welcome Dr. Charles Ben-
brook, the executive director of the board of agriculture, National
Academy of Sciences, and the former distinguished staff director of
this subcommittee.

You may proceed with your testimony, Dr. Benbrook.

STATEMENT OF CHARLES M. BENBROOK, EXECUTIVE DIRECTOR,
BOARD OF AGRICULTURE, NATIONAL ACADEMY OF SCIENCES

Mr. BENBROOK. Thank you, Mr. Chairman, Mr. Roberts, members
of the subcommittee, it is a pleasure to be here. It has been a long
time since I sat up there and watched what goes on down here. I
will try to act on some of the lessons I learned in my earlier role
on the subcommittee’s staff.

I have a written statement that I would ask to be included in the
record, and I will merely summarize a few points.

Mr. BRowN. Without objection, it will be fully entered.

Mr. BEnBRrROOK. Mr. Roberts, you are right, the regulatory pro-
gram addressing pesticides is subject to a sort of chronic gridlock
and one of the most difficult issues that gives rise to this gridlock
deals with what regulatory action should be taken on a set of older
pesl:icides that have been shown to cause cancer in laboratory ani-
mals.

This problem that EPA faces dealing with several dozen older
pesticides really was what led the agency 4 years ago to seek the
help of the National Academy of Sciences. We were asked to study
this problem and come up with some recommendations on ways to
perhaps resolve or unravel the basic fundamentals that give rise to
this gridlock.

Four years later, and a lot of hard work and a lot of additional
data having flowed under the bridge, I can’t say that there is any



51

real reason for hope. The system is no simpler; the scientific issues
are no more clear-cut; the political decisions are no easier. I would
urge this subcommittee, as just a general notion, to be very wary of
legislative changes now that add substantial complexity to the pro-
gram. The regulatory program is very complex already. It is out-
stripping the resources of the agency to implement it; it is outstrip-
ping the economic capacity of registrants to pay for the science and
the legal work that has to be done to deal with the regulatory re-
quirements and it is outstripping the ability of the farmer to pay
for the crop-protection chemicals.

You really have to start asking yourself, is this system worth it
and do we really want to continue in the direction we are going? Is
there enough public interest at stake?

Another general point I want to make—it is a matter of great
confusion amongst people—involves the circumstances that give
rise to the concentration of a pesticide in processed foods.

As you remember, the Delaney Clause problem in pesticide regu-
lation arises when a pesticide residue concentrates in a processed
food to a level above that which appears in the raw food, or the
fresh food product. This fact of concentration triggers the need for
a tolerance to be established under section 409 of the Food, Drug
and Cosmetic Act, a part of which is the so-called Delaney Clause.

So the issue of concentration as a legal matter ‘is key to the prob-
lem that gave rise to the National Academy study, and the prob-
lem addressed in the Roberts-Brown bill.

Now, a lot of people will come up here and say that pesticides
rarely concentrate. They will cite thousands of tests that have been
run which never or rarely find instances were pesticides concen-
trate. It is very important for you to understand basically when
pesticides do concentrate.

If you have a pesticide that appears on food, on the external sur-
face where it is washed off, either by the consumer or in process-
ing, then it will rarely concentrate. If it is a pesticide that biologi-
cally degrades in the presence of air in the environment soon after
it is sprayed, it will rarely concentrate. But there are a number of
pesticides that are systemic or which become embedded in the
fruit, or meat of a vegetable or other foodstuff, and whenever you
take some of that food and process it into other products that in-
volve breaking it into component parts, that is where you have a
higlg likelihood of concentration in at least one of those component
parts.

When you take corn and turn it into corn oil; or other crops and
turn them into oil, oftentimes whatever pesticides are in the resi-
dues or on the soybean or in the corn kernel, they will either con-
centrate in the oil or in the mash that is left after the crushing of
grain into oil. Whenever you dry fruit or vegetables—which simply
involves taking water and hence weight out—you will have a
higher concentration of any pesticide residues by weight in the
dried product.

So there are certain circumstances where you are going to get
concentration fairly regularly, and other circumstances when you
almost never will. It is important to recognize the difference.

As a regulatory matter, as long as for a few processed products
made from corn or citrus or soybean or wheat, as long as a few
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products are subject to this phenomenon of concentration, from
EPA’s point of view, that triggers the whole set of regulatory con-
siderations that are dealt with in the Roberts-Brown bill.

So it is true that concentration above published tolerance levels
rarely occur, but it is also true that as a regulatory matter, it
occurs enough that it is a major problem.

Speaking to the Roberts-Brown bill that is before the subcommit-
tee, I believe that this bill reflects as simple and literal a transla-
tion of the recommendations of the National Academy into legisla-
tion as is possible. I believe in crafting the bill, Congressman Rob-
erts, you sought to develop a bill that simply and cleanly deals
with the fundamental recommendations in the Academy report
and I think that it does that pretty well.

It eliminates the inconsistency in the standard between raw and
processed food by applying basically the same negligible-risk stand-
ard to residues in both raw and processed foods. It calls for a con-
sistent negligible-risk standard to be applied to both, and it deals
with the fundamental issue of inconsistent standards being applied
to old and new pesticides by proposing an important change in the
reregistration process.

I would like to speak to that issue because, fundamentally, the
problem with reregistration, the problem that EPA has in regulat-
ing older pesticides, stems from two or three dozen older pesticides
that are still very valuable tools to farmers but happen to also pose
potentially substantial risks to either man or the environment. So
it is this pool of older products that keeps coming up over and over
again that really is the problem. Until EPA can work through
them in the reregistration process and come up with ways that
those products can be used in accordance with contemporary stand-
ards, this issue will not go away.

In the context of reregistration and in the context of having the
same negligible-risk standard apply to new or old pesticides, the
Roberts-Brown bill proposes that the act of reregistering a pesti-
cide become essentially the same, or in the words of the bill, the
“functional equivalent of an initial registration.”

Now, some people believe that this marks no change from the
current statute, but let me assure you it certainly does in practice.
Today, for EPA to suspend or cancel a pesticide, it has to have suf-
ficient data and scientific information to prove that a substantial
risk is faced, either by man, by a farmer or applicator of the pesti-
cide, or to wildlife. This proves to be often a very difficult scientific
task, so a pesticide basically remains on the market and in use
until there is a substantial body of evidence that there is consider-
able harm being done.

This is really a very serious problem because it places a scientific
burden on the agency that it can only handle in one or two or
three regulatory cases each year. So the idea behind turning rereg-
istration into basically the same process as registration, following a
longer period of time, is to give the agency an opportunity for a
clean review of a pesticide, based on current standards and cur-
rently registered products. The question the agency would face is
whether an older pesticide basically cuts the butter in terms of the
balance of risks and benefits that it poses.
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Analytically and technically, this is an important difference be-
cause in this case, EPA evaluates the risk of a pesticide in contrast
to other registered alternatives. It is often much easier for EPA to
say that pesticide X is safer than pesticide Y. It may have a much
more difficult time, however, predicting with any degree of certain-
ty the absolute risk associated with either, but at least it can make
a judgment that one is safer than the other. If the risks from one
pesticide are substantially greater than another which offers about
equal benefits, under the Roberts-Brown reregistration process the
agency would be expected to leave on the market the safer pesti-
cide and not reregister the one that is proven to pose greater risk
but not significantly greater benefits.

Now, given that there are many products registered for most
major uses of pesticides, and sometimes several products from a
similar chemical class, it is very likely that EPA is going to find
itself forced to evaluate the relative risks and benefits for 6, 8, 10,
even more products that are, say, herbicides for corn or soybeans.
It is going to prove, I think, a lot easier for the agency to deter-
mine, say, the 4 safest out of a set of 6 pesticides, or the 2 most
risky out of & set of 10, and take appropriate regulatory action on
those than it will be to come up with an absolute certainty of what
the risks are for each one of those compared to some absolute
standard.

So this is the concept behind this new approach to reregistration
and I believe it would greatly facilitate the task that EPA faces
when it comes up to major groups of products about which they
really are not sure which is the most risky or the least risky or
how to proceed. '

The legislation also has, I think, an important title which would
move along the process of developing some integrated pest-manage-
ment systems. I think that it is likely that the subcommittee will
return to those issues as it begins to craft the research title of the
?‘%ft farm bill, but I would be glad to answer any questions on that
itle.

Thank you, Mr. Chairman.

[The prepared statement of Mr. Benbrook appears at the conclu-
sion of the hearing.]

Mr. BrRownN. Thank you very much, Dr. Benbrook.

Mr. Roberts.

Mr. RoBerTs. Yes, thank you, Mr. Chairman.

I would just like to state from a few paragraphs of a previous
statement when we had the hearing before when I stated, in the
eyes of our farm organizations, and more especially, the farmers
and ranchers of this country, nothing is more important than the
confidence of the consumer in the safety of our food supply. I know
I speak for many of my colleagues that, as a farm State Member of
this Congress, no prospect worries me more than the notion or a
real fear of pesticide residues would or could cause a real choice
and a real frustration and a real fear on the part of the consumer
as they try to purchase the kinds of foods that we purchase in this
country at the grocery store.

We are very proud of what we think is the best quality food in
the history of the world at the lowest possible price and in that re-
spect, I think agriculture has been, what, maybe hunkering down
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in the weeds too much in a defensive posture. We have to accept
this challenge. We have to become much more, I think, aggressive
in embracing what you referred to as an end to the complexity of
the problem and the regulatory gridlock.

I want the subcommittee to know, and I want all present to
know, that the NAS report, which you are largely responsible for,
is indeed a watershed study. It is a blueprint for change, if you
Wllla in the processes and the policies that do govern the pesticide
residue.

We in the Ag Committee should embrace the report; we should
encourage the elevation of safety standards to the rational and con-
sistent regulation of pesticide residues. Now, that is a tall order
and I notice that you had on your dark hat this morning in terms
of doom and gloom. I still remain, I guess, an eternal optimist, but
I want to pay a large amount of personal credit to Dr. Benbrook,
Mr. Chairman, for his efforts in this regard and if we are to
achieve success, and we must, it will be in large part to the efforts
of very dedicated folks like yourself.

So in behalf of the farmers and ranchers in my district and in
Kansas, I want to thank you for your efforts.

Now, since apparently that caused the TV lights to go off with
all of that milk of human kindness, let me ask just a couple of
questions.

You know that we received some criticism in regard to the Rob-
erts-Brown bill, H.R. 4937, that this bill is too loose; that we need
greater elaboration similar to the bill that has been introduced by
our friend and colleague, Mr. Waxman, H.R. 4739. On page 5, that
you did not read, in the first paragraph, you have indicated:
“There is now widespread agreement that both exposure and po-
tential risk is heavily concentrated in relatively few foods following
the use of perhaps a dozen pesticides.”

If this is so, do you believe that the approach used by the bill
introduced by the chairman and myself or the Waxman bill would
achieve the greatest risk reduction, because that is what we want,
and in terms of cost, and most important, I want real progress. I
don’t want an issue; I don’t want to debate it anymore, and so in
terms of minimal disruption to agriculture in the shortest period of
%ime? to get some progress, which approach do you think would be

est?

Mr. BENBroOOK. First of all, Mr. Roberts, under FIFRA and any
subsequent legislation affecting FIFRA, for it to bring about any
real risk reduction, it is going to require leadership from EPA and
some determination to bring that about. Laws alone can’t do it.

But to answer your question directly, risk could be reduced much
more quickly under the Roberts-Brown bill. It is less prescriptive;
it is more flexible and, as a result, it can be enacted, or acted upon
much more quickly.

The Waxman bill, on the other hand, is fairly complicated both
technically and procedurally. It requires many things to happen,
and establishes a precise set of rules and process, which will them-
selves require much effort to fully specify and implement, until
this is done, probably no regulatory action or real risk reduction
would be brought about until the various procedures had been car-
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ried out fully in accordance with the new provisions in that stat-
ute.

So I think that if somebody wanted to go in and identify the
highest risk uses of pesticides, and take actions to reduce risk, they
could do so most quickly and expeditiously under the Roberts-
Brown bill.

Mr. RoBerTts. Want to and can do are two different things. We
are going to hear from some witnesses on down the road here that
simply do not trust the EPA to do that job and I would say that
mistrust would be regardless of who has that responsibility. On one
hand, if you really dot the I and you cross the T and you come with
some very rigid guidelines and definitions, I think you can make
the argument that, by golly, this is what you are going to do, now
do it. On the other side of it, if you do it that way, you may cause a
tremendous cost and disruption to agriculture that may or may not
have a bearing on the safety issue and I would like to see some
progress.

I would like to see at least some degree of flexibility so that the
EPA Administrator will not step into a hornet’s nest every time he
makes a decision. We have had enough of that. We have had
enough of this adversity. That is the point I am trying to make.

My time is expired, Mr. Chairman. I think I will yield back at
this point, but I do have two other questions for Dr. Benbrook at a
later point.

Mr. BRowN. We will get back to you.

Mr. Stenholm.

Mr. SteNnHoLM. Dr. Benbrook, some suggest that we don’t have
leadership within EPA. I have, for a long time, wondered how we
get leadership from any of the administrative offices of our govern-
ment when we continue to have such diversity of opinion among
those who are asking for the leadership. It is almost impossible, I
believe, for anyone to give leadership when there is not an agree-
ment on what action needs to be taken.

For example, I am told that there are studies that show that if
we eliminate all pesticides from the face of the earth that there
would still be 99 percent of the known carcinogens still present in
the world. Is that a reasonable statement?

Mr. BenBrook. I think it is sufficiently hypothetical to not be
very relevant to the current debate. There are a lot of things that
cause cancer. Some of them are natural and some of them are
man-made. There is the beginning of some very interesting work to
try to understand the relative degree of risks that are imposed by
man-made and natural carcinogens, but I don’t think that we know
quite enough yet to say with certainty that 99 percent of the car-
cinogens are natural or man-made or whatever, but it is an impor-
tant area to try to get a better handle on because we just might be
missing the boat fairly substantially with our current set of poli-
cies.

It has raised an important question, but I don’t think that the
science is so clear that it would support a major change in regula-
tory policy. That is my opinion.

Mr. StenHoLM. You, in your testimony, lean toward supporting
the bill that we are considering today. It appears that you support
the establishing of tolerance levels for various pesticides rather
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than having an absolute ban based on an ability to measure the
presence of various carcinogens? Is that correct?

Mr. BENBROOK. That is right, and the idea being that it is now
possible, at least regulatory agencies are doing it fairly regularly,
to define a level of exposure for toxic chemicals below which there
really is no prudent basis for great concern about there being a
health hazard. I think that that can be done now in the case of
most pesticide residues in food and the point of the NAS Delaney
report is that the vast majority of pesticide uses under current
farming practices are going to result in a residue well below that
level. The vast majority.

There is already sufficient information in the files of EPA to
identify most of those uses that are clearly above that level. But
instead of contemplating 600 active ingredients and some 15,000
food uses of pesticides that aren’t going to be fully reregistered
until the year 2050, assuming Congress appropriates sufficient
funds and doesn’t change the law six times in between, instead of
this enormous task, the problem becomes manageable by focusing
on just these uses that may pose greater than negligible risk.

If you take the current uses of pesticides and say, “Which ones
pose a risk that is possibly above a negligible level,” you go from
tens of thousands of uses of individual pesticides down to just a few
hundred. Then you can begin to deal with those.

When you find a use of a pesticide that appears that it may pose
risks above the negligible level, you ask yourself, “Is the data that
suggests such risk valid, is that data scientifically sound? Are the
residues really there?”’ That is the first thing you ask. We can do a
better job of doing exposure assessments from pesticides in the diet
so we look at the data and say, “Are the real residues there?”’ Of-
tentimes, they are not. There are many orders of magnitude less
than what the published tolerance level is.

Just by a simple analysis of the exposure, one soon loses that
concern. But in some instances, there will still be a concern. Then
you have to say, “Is there a way we can use the pesticide to reduce
the level in the foods,” and oftentimes there are. You can use it in
a different way, a different formulation, but after you go through
all the steps, there is still going to be some uses that pose greater
than negligible risk, and it is those uses that should be acted upon
in an expeditious way.

If the regulatory agency can get to the point where it can con-
vince the public and the Congress that it is routinely identifying
these potentially risky uses, and as a result reducing risk without a
lot of hand-waving, then there is going to be some confidence re-
stored in this whole process. But right now, because nothing is hap-
pening on any front, the public gets the impression that all pesti-
cides must be equally bad. It is just as bad to eat Mr. Roberts’
wheat as your constituents’ cattle and Mr. Brown’s citrus.

But it is just not that way. That is the point of the Academy
report, that there is a way to proceed where we can identify the
worse risks and take whatever steps are necessary to do something
about it. It is a relatively small proportion of all uses of pesticides,
a very small proportion of the total pesticides used in American ag-
riculture.

That is my speech.
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Mr. StenHOLM. [ appreciate your answer.

Mr. Brown. Dr. Benbrook, the point that is raised here about the
relative burden of carcinogenic elements represented by pesticides,
even though there is probably not an adequate scientific basis for
it, is an interesting question, as you have indicated, and it would
be, I think, helpful for our record if there were any published ma-
terial that indicates what this relative burden from pesticides
might be.

Of course, this opens up the whole question of other routes of ex-
posure to humans of carcinogens and these come through the air,
through any number of different things, both natural and man-
made sources. If there is available anything that would throw any
light on this subject that you know of, I would appreciate your
making that available to the subcommittee.

Mr. BENBROOK. Mr. Chairman, Dr. Bruce Ames, who is a distin-
guished microbiologist and member of the National Academy, has
really pioneered this whole concept of trying to develop a ranking
system for man-made versus natural carcinogens. In the wake of
all the press attention our report engendered when we released it,
Dr. Ames and I engaged in a quite interesting dialogue through the
mail. I have all of his pertinent articles. I would be glad to submit
a package of materials for the record.

[The information follows:]
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NATIONAL RESEARCH COUNCIL

211 G Avenue ash D C. 20418

BOARD ON AGRICULTURE TELEPHONE
(202) 334-3062

October 5, 1988

Honorable George E. Brown, Jr.

Chairman

House Subcommittee on Department

Operations, Research, & Foreign Agriculture
2256 Rayburn House Office Building
Washington, D.C. 20515-0536

Dear Mr. Chairman:

I appreciated the opportunity to testify before the subcommittee September
7 on the Roberts-Brown food safety bill.

Please find enclosed material in response to your questions regarding
cancer risks from exposure to natural and manmade substances: the most
recent article in Science by Dr. Bruce Ames describing his relative risk
ranking scheme, and correspondence with Dr. Ames exploring some of the
interesting analytical challenges that must be overcome to develop a more
refined analysis. I agree fully with you that Dr. Ames research raises
significant questions, both in evaluating pesticide regulatory policy, and
in considering how certain applications of biotechnology in plant variety
development should be evaluvated, or even possibly regulated.

As you know, a very different body of law, regulations, legal precedents,
and public attitudes address natural constituents of food, in contrast to
manmade chemicals (pesticide, animal drug, or food additive residues).
Since the goal of all such laws is public health promotion, a re-evaluation
of these policies seems warranted to assure that a proper balance is being
struck in our regulatory programs. A part of such an analysis should be a
more sophisticated and complete empirical assessment of the nature and
level of risks from manmade and natural chemicals in food. I would urge
DORFA to pursue how such a study could be undertaken.

I also enclose information in response to Mr. Stenholm's questions
regarding cancer trends. Please find the Executive Summary of the most
recent NCI Atlas of Cancer, a review article of epidemiological studies on
cancer risks faced by farmers, and a just published report on a new
epidemiological study done in Italy.

There is a growing body of evidence regarding the presence of nitrates and
triazine herbicide residues in drinking water in major farming regions.
These chemicals can react in the stomach to form nitrosamine compounds,
many of which are known to be potent carcinogens. Until recently, the
principal route of exposure, and concern among farmers relative to
pesticide risks stemmed from occupational exposures. It is now extremely

The National Research Council is the principal operating agency of the National Academy of Sciences and the National Academy of Engineering
to serve government and other organizations



59

Congressman George E. Brown, Jr.
October 5, 1988
Page 2

important, I believe, to evaluate the potential risks to farm families and
rural communities from water-based exposures. Again, I would urge DORFA to
consider holding a hearing, or undertaking other information generating
activities to explore the adequacy of ongoing research designed to
determine the magnitude of farm-related toxic hazards.

I would like to offer congratulations to you and the subcommittee upon the
final passage of the FIFRA. After so many years of effort, it must be a
considerable relief, Without doubt, the bill will help a great deal in
resolving some of the major problems in the registration process.

Again, thanks for the opportunity to appear before the subcommittee.

Sincerely,

.‘: )
\/ /“.1,-/'1 /jl,‘,l (YR <.

Charles M. Benbrook
Executive Director

Enclosures
c: Skip Stiles w/enclosures
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Ranking Possible Carcinogenic Hazards

BRUCE N. AMES,* RENAE MAGAW, Lo1s Swirsky GoLD
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absence of good human data (almost always the case), some reliance
on animal cancer tests is unavoidable. The best use of them should
be made cven though fow, if any, of dhe main avoidable causes of
human cancer have typically been the tvpes of man-made chemicals
thar are being teseed in animals (10). Human cancer may, in part,
involve agents such as hepatitis B virus. which causes chronic
inflammation; changes in hormonal starus: deficiencies in normal

PIDEMIOLOGISTS ESTIMATE THAT AT LEAST 70% OF HUMAN
cancer would. in principle, be preventable if the main risk
and antirisk facrors could be identified (I). This is because
the incidence of specific types of cancer differs markedly in different
15 of the world where people have different life-styles. For
nunple colon and breast cancer, which are among the major types
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factors (such as sclenium or B-carotenc) against endoge-
nouscamnogem(n) lack of other anticarcinogens (such as dictary
fiber or calcium) (4); or dietary imbalances such as excess consump-
don of fat (3. 4, 12) or salt (13).

There is a need for more balance in animal cancer testing to
emphasize the foregoing factors and narural chemicals as well as
synthetic chemicals (12). There is increasing cvidence that our
normal diet contains many rodent umnogm all perfectly narural
or traditional (for le, from the 1g of food ) (12), and that
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providing important clues about the specific causes of human
cncer, despite inherent methodological difficulties. They have
wontified tobacco as an avoidable cause of about 30% of all U.S.
ciwer deaths and of an even larger number of deaths from other
crases 11, ), Less specifically. dietary factors, or their absence, have
b.en suggested 1 many studies to contribute 0 a substantial
proportion of cancer deaths, though the interrwined risk and
auinsk factors are being identified only slowly (1, 3. 4). High fat
ke may be a major contributor to colon cancer, though the
eudence is not as definitive as that for the role of saturated fat in
heart disease or of tobacco in lung cancer. Akohohc 2

carci ic in rodent systems.{(We need ro identift the important

causes of human cancer among the vast number of minimal risks. ;

This requires knowledge of both the amounts of a substance to
which humans are cxposed and its carcinogenic porency.”|

Animal cancer tests can be analvzed quantitatively to give an
estimate of the relative carcinogenic potencies of the chemicals
tested. We have previously published our Carcinogenic Potency
Database. which showed that rodent carcinogens vany 1n potency by
more than 10 millionfold (14).

This articlk atrempts to achieve some perspective on the plethora
of possible hazards to humans from exposure to known rodent
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blishing a scale of the possibls hazards for the
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number of deaths from other causes. Progress in p:
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chronically exposed. We view the value of our calculations not as

been made for some occupational facrors. such as asbestos, 1o uhx:h
workers used to be heavily exposed, with delaved effecrs thar seill
contribute to about 2% of U.S. cancer deaths {1, 5). Prevention may
Ay become possible for hormone-related cancers such as brnﬂ
cancer (1. 6), or virus-related cancers such as liver cancer (hepati

providing a basis for absolute human risk bur as a guide
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(relative to synth hemicals) have been tested in animals

for carcinogeniciry. Thus‘ our knouledge ofd\e background levels
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B’ and cancer of the cervix (papilloma virus HPV16) (1, 7). ;
Amimal bioassays and in vitro studies are also providing clues as to
which carcinogens and mutagens might be contributing to human
wncer. However, the evaluation of carcinogenicity in rodents is
e\pensn: and the extrapolanon to hummans is difficult (8-11). We
wiii use the term “possible hazard™ for estimares based on rodent
cancer tests and “risk™ for those based on human cancer dana (10).
Extrapolation from the results of rodent cancer tests done at high
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of human exp v, biased in
favor of synthetic chcmlcals and limited by our lack of know! ledge of
human exposures.

8. N. Ames s auocuted w Dcwmmdmml.nnma
Catiforma. Berkelev, CA‘N/IO R. Magaw and L. Swinsky Gohd are assocuated w ah the
IMML’@‘"D‘MD‘MMM Berkeiev, CA §4720.

*To whom reprint requests shouid be sent.

ARTICLES 271



61

virus (19, 20). Considering the potency of those mold toxins that  modem techniques of agriculture and storage, including use of
have been tested and the widespread contamination of food with  synthetic pesticides and fumigans.

molds, they may represent the most significant carcinogenic pollu- Preparation of foods and beverages can also prod .
tion of the food supply in developing ics. Such pollution is  Alcohol has been shown 10 be a buman carcinogen in numerous
much less severe in industrialized jes, due co refrigeration and  epidemiologic studies (1, 2I). Both alcoho! and acetaldehyde, s

Tabie 1. Ranking possible carcinogenic hazards. Pasency of carcinggens: A number in parentheses indicares a TDso value not used in HERP calculation because
it 15 the less sensitive specics; (~) = neganve in unn'vatfesm (+] = posiuve for carcinogenicuty 1n testis) not suitable for calculating 3 TDw: (2) = 15 not
adeguately tested for carcinogeniaity. TDg values shown are averages calculated by taking the harmonic mean of the TDy's of the positive tests in that speacs
from the Carcnogeruc Potency Database. Results are similar if the lowest TDua value (most pocent) is used instead. For each test the target site with the low-
est TDxg value has been used. The average TDyo has been calculared separately for rars and mice, and the more sensitive species 15 used for calculating the pos-
sible hazard. The database, with references to the source of the cancer tests, is complete for tests published through 1984 and for the Narional Toxicology
Program bioassays through June 1986 (14). We have not indicated the route of expasure or tatget sites or other particulars of each test. although thesc are re-
ported in the database. Daily ruman expasure: We have tried 10 use average or reasonable daily intakes to facilitate comparisons. In several cases, such as
contaminated well water or factory exposure to EDB, this is difficult to determune, and we give the value for the wors found and indicate pertnent
informanion in the References and Notes. The calculations assume a daily dose for a lifetime; where drugs are normally taken for only 1 short period we have
bracketed the HERP value. For inh. P we assume an inhafation of 9,600 liters per 8 hours for the w e and 10,800 liters per 14 hours for
1ndoor air at home. Passible hazard: The amount of rodent B d under gen dose is divided by 70 kg t give a milligram per Kilogram of
Suman cxposure, and this human dose 15 given as the percentage of the TDy dosc in the rodent (in milligrams per kilogram) to calculate the Human
Exposure Rodent Porency index (HERP).

Porency of carcinogen:

I;\‘:‘]:‘:“‘ Daify human Cugaogm dose per TDy (mg/kg) Refer-
HERP %) exposure kg person Rans Mice enees
Envronmental
0001° Tap warer, 1 liter Chioroform, 83 ug (U.S. average) (119 90 %
0.004° Well warer, 1 biter conramunated Trichloroethylene, 2800 ug =) 941 [
(worst well in Silicon Valley)
0.0004° Well warer, | liter contaminated, Woburn Trichloroethvlene, 267 g (=) 941 98
0.0002* Chloroform. 12 ug (119 90
0.0003 Tetrachloroethviene, 21 g 101 (126}
0.008* Swimmung pool., 1 hour (for child) Chlorotorm, 250 ug (average pool) {119) 90 99
06 Conventional home air « 14 hour.dave Formaldchvde, 598 g 1.5 9 100
0.004 Benzene, 155 ug (157 83
21 Mobute home ar .14 hour'day) Formaldchyde, 2.2 mg 15 (44) 28
Pestucids and other rendues
0.0002° PCBs: dailv dictary intake PCBs. 0.2 ug (U.S. average) 17 (9.6) 101
0.0003~ DDE'DDT: dailv dictary intake DDE. 2.2 ug (U.S. average) =) 13 1o
0.0004 EDB- daily dietary ntake Ethvlene dibromude, 0.42 pg L5 5.h 102
tfrom grans and gran products) (LS. averagey :
. Nuzural pesnicrdes and diesary eoe
0.003 Bacon. cooked (100 gy Dimethvinitrosamine. 0.3 ug 0.2 0.2 0
0006 Diethvinitrosamune, 0.1 ug 0.02 =)
0003 Sake 1250 mi, Urethane. 43 ug (41} 22 24
0.03 Comtrey herb tea. | cup Symphyune. 38 ug 19 [ 103
{750 ug of pyrrolindine atkaloids)
503 Peanut burter 132 g; one sandwich} Aflatoun, 64 ng (LS. average, 2 ppb) 0.003 t+) 18
406 Dried squid. broied in gas oven (54 g) Dimethylnutrosamine, 7.9 pg {0.2) 0.2 3
nos Brown mustard (5 g) Allyl sothiocyanae, 4.6 mg 9% =) +°
0l Basit (1 g of dried feaf) Estragole. 3.8 mg ) 52 48
ol Mushroom, one raw (15 g) (Agaricus buporss) Mixture of hydrazines. and so forth 53] 20,300 104
02 Natural root beer {12 ounces; 354 ml) Safrole, 6.6 mg (436) 56 105
(now )
2008 Becr. before 1979 (12 ounces: 354 ml) Dimethvinitrosamine. 1 ug 0.2 02 38
28 Beer (12 ounces; 354 ml) Ethyl akohol, 18 m 9110 * 23
47 Wine (250 mi) Echyi alcohol, 30 ml 9110 4] 23
n2 Comfrey-pepsin rablets (nine daily) Comfrey root, 2700 mg 626 1] 103
13 Comfrey-pepsin tabicts (nine dally) Symphytine, 1.8 mg 19 [t
Food additives
0.0 AF-2: daily dietary intake before banning AF-2 (furylfuramide). 4.8 ug 29 (13D +
006" Dict Cola (12 ounces; 354 mb) Saccharin, 95 mg 2143 ) 100
03] DPhenacerin pill (average dose) Phenacetin, 300 . 1246 2137y 51
136] Metromdazole (therapeutic dose) Mctronidazole. 2000 mg (542) 506 107
114} Tsoniazid pill (prophylactic dosc) Tsoniazid. 300 mg (150) 30 108
le* Phenobarbital. onc siceping pitl Phenobarbutal, 60 mg (+) 5.3 30
[ Clofibratc (average daily dosc) Clofibrate. 2000 mg 169 2 52
N Ocexparional exposure
38 Formaldchvde: Workers' average daily tntake Formaldehyde, 6.1 15 (44 Hind
140 EDB: Workers' daily intake (high exposurc) Ethviene dibromide, 150 mg 13 (5.1 35
* Atk indiate HERP from gens thought to be nong
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4

received by todav’s miners. Two particularly
houses were found that had a risk estimated to be equivalent to
receiving about 1200 chest x-ravs a day (49). Approximarcly 10% of
the lung cancer in the United States has been tentatively attributed
to radon poliution in houses (49). Many of these cancers might be
preventable since the most hazardous houm can be idenified and
modified to minimize radon

General outdoor air pollution appears to be a small risk relative to
the poliution inhaled by a smoker: one must breathe Los Angeles
«mog for a vear to inhale the same amount of bumt material thar a
smoker (tewo packs) inhales in a dav (J2), though air pollution is
inhaled srarting from birth. It is difficult © determine cancer nsk
trom outdoor air pollution since epid must
<ontrol for srnolung and radon.

Some common drugs shown in Table 1 give fairly high HERP
percentages, primarily because the dose ingested is high. However,
since most medicinal drugs are used for only short periods while the
HERP index is a daily dose rate for a liferime. the possible hazard
would usually be mark:dl\ less. We emphasize this in Table 1 bv

s

related anid have shor life-spans. Qualitative extrapolation of cancer
risks from rats or miice to humans, a very dissimilar long-lived specics.
is unlikely to be as reliable. Conversely, important human carcinogens
may not be detected in standard tests in rodents; this was true fur 4
bngnmforboﬁ:obmstmkzmdakohol the two larges
idennified causes ofncoplasnc death i in dw United Stares.

For many of the ch Is ¢ d rodent carci thure
mav be negative as well as positive tests. It is difficult to deal with
negative resules satisfactorily for several reasons, including the tau
that some chemicals are tested only once or twice, while othen ai.
tested many times. The HERP index ignores neganive tests. Where
there is species variation in potency, use of the more scnsitne
spec:u asis gtnen!h done and as is done here, could introducc

i possible hazards; h for imost
chemicals that are positive in both species. the potency is similar u,
rats and mice (57). The HERP may provide a rough correlate ui
human hazard from chemical exposure; however, for a given
chemical, to the extent that the potency in humans differs from thn
powm\ m rod:nu, th: relam: haurd would be different.

bracketing the numbers for these shorter exp Ph bi

JHERT = 16%) was investigated thoroughlv in humans who had
for decades, and there was no convincing evidence that it
ancer (50V. There is e\ndcnce ot‘ increased renal cancer in
rm human ingestion of p an analgesic (51). Acet-
sphen. a metabolite of phcnaccnn is one of the most widely
J over-the-counter pain killers. Clofibrate (HERP = 17%) is
4 as 2 hypolipidemic agent and is n‘\ough: to be camnogemc |n

lati ﬁw" w
dmn to humans, pamcularl\ at low doses, is g\mvmrk that we
have no way of validating (1. 5. 10, 11, 58). It is guesswork bevaus
ofhckofknowlzdgemnlcmsuma;ormas (1) the basu
mechanisms of carcinogenicity; (ii) the relation of cancer, aging. uw
life-span (1, 10, 42, 59); (iii)the timing and order of the sceps 1 the
carcinogenic proccss r.'hat are being accelerated; (iv) species difi,
ences in b k ics; (V) spencs differetnes n.

rontents because it induces hvdrogen peroxid
«me proliferation (32).

ational exp can be rkably high, p v for
vl mmog:ns because about 10,000 liters of axr are inhaled in
3 working day. For formaldehyde, the exposure to an average
worker (HERP = 5.8%) is hlghcr than most dietary intakes. For a
-ur her of volatile industrial carcinogens, the ratio of the permirted
ssure limit [U.S. Occuparional Safery and Health Admimistra-
OSHA)] in milligrams per kilogram to the TDsy has been
ulated; several are close to the TDy in rodents and about two-
Js have permitted HERP values >1% (53). The possible hazard
e«z:mated for the actual exposure levels of the most heavily exposed
EDB workers is remarkably high. HERDP = 140% (Table 1).
T'wough the dose may have been somewhat overestimated (54). it
.« <till comparable to the dose causing cancer in half the rodents.
idemiologic srudy of these heavily exposed EDB workers who
mitled EDB for over a decade did not show any increase in cancer,
theagh because of the limited duration of exposure and the
rel‘vely small numbers of people monitored the study would not
ha:¢ detected a small effect (54, 55). OSHA snll penmts exposures

the

&

gens and od\er (l 60); and (vi) human hetcos-
for I affects suscepribility to sku:
canctr from ultraviolet hght These sources of uncertainty arc ws
numerous, and so substantial. that only empirical data will resol.
them. and lirtle of this is amlable
Us inties due to mech J 5. Several
steps (stages) are involved in :hemncal czrcmogm:sls and the dow-
response curve for a carcinogen might depend on the partcula
stage(s) it accelerates (58), with mulriplicativc effects if several stages
are affected. This multiplicative etfect is consistent with the observa-
tion in human cancer that svnergistic effects are common. The three
steps of carcinogenesis that have been anahzed in most detail ac
inination (mutaoon), promoton. and progression, and we disis
these as an 2id to understanding aspects of the dosc-response relanon.
Mutation cor DNA damage) as one stage of the carcinogenn
process 1s supported by various lines of evidence: assoviation ot
active forms of carcinogens with mutagens (671, the changes u
DNA sequence of oncogenes {62), genenc predisposition (o vancer
in human discases such s retinoblastoma (63) or DNA-repan
deficiency discases such as xeroderma pigmentosum (64). The wdea

above the TDy level. California, h p
kevel over 100-fold in 1981 1n contrast with these heavy workpl

thar g i carcinogens might show a lincar dose-response tight

evposures, the Environmental Protection Agency (EPA) has banned
the ase of EDB for fumigation because of the residuc levels found in
gran {HERP = 0.0004%).

Uncertainties in Relying on Animal Cancer
Tests for Human Prediction

Species variation. Though we list a possible hazard if a chemical is a
vdranugen in a rat but not in a mouse (or vice versa), this lack of
ar.ement raises the possibility that the risk ro humans is nonexis-
h-n: Or 392 chemicals in our database tested in both rats and mice.

226 were carcinogens in at least one test, but 96 of these were
pmn e in the mouse and negative in the rat or vice versa (56). This
diondance occurs despire the facr that rats and mice are very closely

1% APRIL 198>

be p ausible if oniy the step of carci is was accelr-
ated and if the induction of repair and defense enzymics were not
significant factors 163).

Promotion, another step in carcinogenesis, appears to involye coll
proliferation. or perhaps particular types of cell proliteranion 1001,
and dosc-response relations with apparent thresholds, as indicated
by various lines of evidénce: (i) The work of Trosko er al. (6™) on
promotion of carcinugenesis due to interterence with cell-cell com
munication, causing cell proliferation. (i) Rajewskys and othua
work indicating inination by some carcinogenic agents appean e
require proliterating target cells (68). (iii) The work of Farber er al
(69} on liver carcinogenesis supports the idea that cell profiferation
(caused by partial hepatectomy or cell killing) can be an important
aspect of hepatocarcinogenesis. They have also shown for several
chemicals thar heparic celt killing shows a toxic threshold with dose.
{iv) Work on carcinogenesis in the pancreas, bladder and stomah
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h(kduktm\\kdg!mdob“dose‘nskml We also are

almost of the carc aal of the
cmrmotu bacllgmund of namnl chemicals in the world. For
are 3 class of pesticides.

bod\nunmaicmdmtunl Solanine and chavonine (the main
tkaloids in p ) are choli inhibitors and were intro-
du::dgmm!l\mmd!h\nmndmabmnwo\magom:hd\c

For example, the aflatoxin in che average peanut butter sandwich. or
a raw mushroom. are 75 and 200 times, respectively, the passible
hazard of EDB. Betore banning EDB, 3 useful substance with rather
low residue levels, it might be reasonable o consider whether the
hazards of the altematives, such as food iradiation, or the consc-
quences of banning, such as d mold ination of grain.
puselasnslmsoclm Also, there is a disparity berween OSHA

dissemnination of the potato from the Andes. They can be d din
the blood of almost all people (12, 90). Toral alkaloids arc present at
alevel of 15,000 ug per 200-g porato with not a large safery factor
(abour sixtold) from the toxic level for humans (91). Neither
alkaloid has been tested for :amnogcmcm' By contrast, malathion,
the main synthetic organop inhibiror in our
dier (17 ug/da\) (16). is not 2 camnopn in rodents.

The idea that nature is benign and thar evolution has allowed us
0 cope p v with the toxic chemicals in the narural world is not
compelling for several reasons: (i) there is no reason to think thar
natural selection should climinate the hazard of carcinogeniciry of a
plant roxin thar causes cancer in old age past the reproductive age,
d\ough there could be selection for r:smmcc to the acute cffects of

carcinogens. For p in. a mold toxin chat
prtsumably arose ¢arly in evolution. causes cancer in trout, rats,
mice, and monkevs, and probably people, though the species are not
equally irive. Many of the meral salts are carcinogens
(such as lead. cadmium. beryllium, nickel, chromium, selenium, and
arsenic) despite their presence during all of evolurion. (ii) Given the

worker cxp at a HERD of 140%. while the
EI'-\ bans the substance at 2 HERP of 0.0004%. In addinon. the
FDA allows a possible hazard up to a HERP of 0.3% for peanut
burter (20 ppb). and there is no warning about buving comfrey pills.
Because of the large background of low-level carcinogenic and
ocher (93) hazards, and the high costs of regulation. prionry setting
is a cricical first step. [t is important not to divert socien™s arenton
away from the few really serious hazards, such as tobacco or
saturated fat (for heare disease), by the pursuit of hundreds of minor
or nonexistent hazards, Our knowledge is also more cerain about
the enormous toll of tobacco—about 350,000 deaths per vear (1, 21.
There are many mdt-oﬂ'stobemad:mallted\nobgm Trwd\lo-
med\\ lene md chk h

Tl 2

xu:)

Modcm vritheti ides dis-
plxedlcadmte,whxhwaamp:p&md:b:fondnmodgm
mmdmlcadandmmbuhmmnlcammgmMu
also a choice to be made b using and
raising the level of plano’ natural toxins by breeding, It is not clear
dmdwhmrappmach.evmuimvfnnble is preferable. For

P

enormous varicty of plant toxins, most of our d may be
general defenses against acurte effects, such -as shedding the surface
lining of cells of our digestive and respiratory systems every day;
protecting these surfaces with a mucin byer, having detoxifying
enzymnes that are often inducible, such as atochrome P-450,
conjugating enzymes, and glutathione transferases; and having
DNA repair enzymes, which would be useful against a wide variety
of ingested toxic chemicals, both narural and synthetic. Some human
cancer may be caused by interfering with these normal protective
svstems. (iii) The human diet has changed drastically in the last few
thousand vears, and most of us are eating plants (such as coffec.
potatoes, comarocs. and knn fruity dut our ancestors did not. (iv)
Normal radi and carcino-
gens. such as h\drogcn peroxide and other reactive e forms of oxvgen.
Though we have defenses against these agents. they still may be
major contributors to aging and cancer. A wide variery of external
agents may discurb this balance berween damage and defense (12,
42).

Implications for Decision-Making

For al! of these considerations, our scale is not a scale of risks to
humans but is only 3 way of setting priorities for concemn, which
should also take into account the numbers of peoplc exposed. It
should be emphasized that it is a lincar scale and thus may
overcstimate Jow potential hazards if, as we argue above, lincanity is
not the normal case, or if nongenotoxic carcinogens are not of very
much concern at doses much below the oxic dose.

Thus, it is not scientifically credible to use the results from rodent
tests done at the MTD ro directly estimare human risks at low doses.
For example, an EPA “nisk assessment™ (92) based on a succession of
worst case assumptions (several of which are unique to EDB)
concluded that EDB residues in grain (HERP = 0.0004%) could
cause 3 cases of cancer in 1000 people (about 1% of alfl U.S. cancer).
A q was the banni ofdlcmamfum:gzmmthe

le, plant breed potara, which
hanobcmdtdn\mfmmdxemmmoﬁu acute Loxicity to
humans due to a high level of the natural plant toxins solanine and
chaconine (12).

This analysis on the levels of syntheric poll | in drinking
water and of synchetic pesticide residues in foods s that this
polluuon is likely to be a minimal carcinogenic hazard relarive to the

k id of natural carc This result is consiseent with the
cp:d:mnologxc evidence (1). Ob\'noush prudence is desirable with
regard to pollution, but we do need to work out some balance
between chemophobia with its hlgh costs fo th: national wealth,
and sensible 2 of i ial chemicals (94).

Human life exp Y i to {engthen in industrial coun-
trics. and the longest life expectancy mduuwldum]apm an
extremely crowded and industrialized country. U.S. canver death
rates. except for fung cancer due to tobacco and melanoma due to
wltraviolet light, are not on the whole increasing and have mostly
been steady tor 50 vears. New progress in cancer rtsean:h. molecular
biology, epidermuivgy, and biochemical epidemiology (95) will
probably vontinue to increase the understmdmg necessary for-
lengthening life-span and decreasing cancer death rates.
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June 26, 1987

Dr. Charles M. Benbrook
Executive Director

Board on Agriculture

National Research Council
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Dear Dr. Benbrook:

You have been criticizing our work erroneously, and this letter is a
request to read our recent paper in Science more carefully, and to think more
deeply about the implications for the NAS-NRC report on pesticides.

In the June issue of Insight magazine, you are quoted as saying, "I don't
think there are any natural products that would come anywhere near the
magnitude of the risk of EDB in oranges and grain at the levels it was found
prior to its cancellation." One of the main points of our Science paper was to
show that this is not true. The residue levels we used for EDB in grain were
taken trom the EPA document justifying the ban of EDB. These were actual
levels on what the American public was consuming at the time of the ban. Our
HERP index value for this intake, 0.0004%, is trivial compared to many
commonly consumed natural substances reported in the table in Science. The
residue of EDB on oranges is primarily on the skin, and the intake was even
less than from grain. The HERP index is a ratio of the human exposure dose
(in mg/kg/day) to the carcinogenic potency in rodents (in mg/kg/day) reported
as a percentage.

In our paper we emphasized that the potential hazards from pesticide
residues should be viewed in the context of many larger natural exposures and
that it is not scientifically credible to use the results from rodent tests
done at the MID to directly estimate human risks at low doses. We said,

"For example, an EPA "risk assessment” (92) based on a succession of
worst case assumptions (several of which are unique to EDB) concluded
that EDB residues in grain (HERP = 0.0004%) could cause 3 cases of cancer
in 1000 people (about 1Z of all U.S. cancer). A consequence was the
banning of the main fumigant in the country. It would be more reasonable
to compare the possible hazard of EDB residues to that of other common
possible hazards. For example, the aflatoxin in the average peanut
butter sandwich, or a raw mushroom, are 75 and 200 times, respectively,
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the possible hazard of EDB. Before banning EDB, a useful substance with
rather low residue levels, it might be reasonable to consider whether the
hazards of the alternatives, such as food irradiation, or the
consequences of banning, such as increased mold contamination of grain,
pose less risk to society...."

The paper, and my previous paper in Science, also point out that we are eating
10,000 times more of nature's pesticides daily than man-made pesticides and
that only a handful of these have been tested in animal cancer tests. The
frequency of positive results in animal bioassays is high for both nature's
pesticides and man-made pesticides (40-60%), so there is every reason to think
we will find a whole new world of carcinogens among the natural chemicals when
more are tested. We are slowly compiling a long list of the natural chemicals
we think should be tested, and we are impressed with how large are the amounts
ingested and how close most are to the toxic level. Our paper points out the
case of solanine and chaconine:

"...Solanine and chaconine (the main alkaloids in potatoes) are
cholinesterase inhibitors and were introduced generally into the human
diet about 400 years ago with the dissemination of the potato from the
Andes. They can be detected in the blood of almost all people (12,90).
Total alkaloids are present at a level of 15,000 wg per 200-g potato with
not a large safety factor (about sixfold) from the toxic level for humans
(91). Neither alkaloid has been tested for carcinogenicity. By
contrast, malathion, the main synthetic organophosphate cholinesterase
inhibitor in our diet (17 ug/day)(16), is not a carcinogen in rodents."

"...There is also a choice to be made between using synthetic pesticides
and raising the level of plants' natural toxins by breeding. It is not

clear that the latter approach, even where feasible, is preferable. For
example, plant breeders produced an insect-resistant potato, which had to
be withdrawn from the market because of its acute toxicity to humans due
to a high level of the natural plant toxins solanine and chaconine (12)."

Thus, in your report you point out that tomatoes are allowed to have the
most residues, and you also say, "Advances in classical plant breeding...offer
some promise for nonchemical pest control in the future. Nonchemical
approaches will be encouraged by tolerance revocations if more profitable
chemical controls are not available...." I don't think you would have made
such a statement if you had read and absorbed my 1983 Science paper (Vol. 221,
pp. 1256-1264). Of course, tomatine, one of the alkaloids in tomatoes, is a
chemical, too. It is untested in rodent cancer bioassays and is present at
36,000 ug/100 g tomato and is orders of magnitude closer to the toxic level
(as are solanine and chaconine) than are man-made pesticide residues.

In the New York Times you were quoted as dismissing our work because we
didn't have the latest data. We are not certain whether you were referring to
residue data or the results of animal bioassays. With respect to the residue
levels we did use the latest published FDA data on actual pesticide residues
found in food. Residue data was available for only a few of the chemicals
that you evaluated in the NAS report. For our purposes, it would be useful to
have more published data on actual residues. The methodology in your report
did a different thing: hypothetical worst-case analyses assuming that every
farmer used every possible allowable pesticide at the maximum allowable
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residue levels. 1 do think, by the way, that it was quite useful and
reasonable for you people to have analyzed permissible residue levels and
thought there was much useful material in your report. We have used
permissible levels for worker exposures in a recently submitted paper on PERP
values [Permissible Exposure/Rodent Potency as contrasted with our HERP values
(actual exposure)] for occupational exposures to carcinogens, which often come
out extremely high, incidentally.

We, of course, realize that the latest actual exposure figures from the
FDA which we quoted don't include every possible pesticide, but they are a
reasonable attempt, and we haven't seen any results (including your own) that
our estimate of 45 g of possibly carcinogenic pesticide residues consumed in
a day (assuming everything not tested will be a carcinogen) is going to be
very far off. For comparison, we also mention in our paper that there are
about 500 ug of carcinogens in a cup of coffee (hydrogen peroxide and
methylglyoxal), 185 ug of carcinogenic formaldehyde in a slice of bread, 10
times more formaldehyde in a cola, 760 ug of carcinogenic estragole in a basil
leaf, a gram of burnt material from cooking our food, nitrosamines formed in
our gas ovens, etc.

With respect to animal biocassay data, the NAS report does calculate Q%
with animal bioassay data that are not in the published literature and that we
would like very much to have for our Carcinogenic Potency Database. Do you
know how we might obtain these data? We have converted your Q* and TMRC
values to approximate our PERP index, and we calculate that all of the
permissible risks in the NAS report lumped together produce a PERP value about
the equivalent of consuming (HERP) the alcohol in one glass of wine per week.:
This sort of comparative analysis, and not using the word "risk" for
mathematical juggling in the dark, will help to prevent people from
converting your numbers to absurdities. Lawrie Mott of the Natural Resources
Defense Council, for example, vas quoted by the New York Times as saying,
"Using the worst-case risk estimates, the number of cancer cases caused by the
28 pesticides in this country is 1.46 million over the 70-year lifetime
exposure. But...the risk numbers 'significantly understate' the perils of
cancer to consumers....'

I am not terribly concerned, as pointed out in the paper, about the
carcinogenic risks from basil leaves and peanut butter sandwiches, as I don't
believe any of these hypothetical worst-case risks far from the toxic dose
will have much relation to reality. Our paper discusses the work of Farber
and others, which suggests that a mutated oncogene in the liver isn't enough
for carcinogenesis and that you need clonal selection (promotion), which you
can get through toxicity. I think one is commonly supplying toxicity in
animal tests by using the maximum tolerated dose and therefore that the true
dose response will fall off sharply with dose. I think we should be looking
more for toxicity reactions (hepatitis B, alcoholic cirrhosis, sunburn, etc.)
in human cancer.

I am becoming convinced, though I won't go into detail here, that
attempting to regulate carcinogens at 106 (lifetime) hypothetical worst-case
risks, though better than & Delaney approach, is counterproductive for several
reasons. The world is full of risks much above that, so paying attention to
minor risks diverts scientists and regulators from more serious and productive
work, thus decreasing public health. Public health is also decreased when one
confuses the public so that they lose sight of what is important in the
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plethora of risks. Since epidemiological evidence on disease indicates that
we should be eating more fruit and vegetables, not less, raising their prices
may be costly in terms of public health. If the levels of natural pesticides
are raised closer to the toxic level by plant breeding, an inevitable

- consequence of eliminating man-made pesticides, this will probably decrease
public health as well. '

I enclose a recent article on one of the most eminent epidemiologists'’
reservations about "risk assessment” and some of my writings that you should
find of interest. I would appreciate a copy of the clarification letter you
send to Insight about the quote I started this letter with. Do come visit if
you are here in the Bay Area. We have some mutual interests to discuss. As
an inducement, I1'll tell you about the natural compound we are all eating in
large amounts that has many of the properties of dioxin.

{ Yours truly,

//”’;Ez;y1‘“~a£_;, <::l““‘-5*’1¥

Bruce N. Ames
Professor and Chairman

BNA/ssk
Enclosures
Peto
Water II
Science Review
Ranking

cc: National Research Council Committee
(w/enclosures)
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July 24, 1987

Dr. Charles M. Benbrook
Executive Director

Board on Agriculture

National Research Council
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Dear Dr. Benbrook:

In my letter to you of June 26, I would like to correct one sentence.
We calculated the equivalent of all of your permissible hazards lumped
together as the equivalent of the alcohol in 2 beers a year. This number
was based on using the numbers from your Tables 3-17, 3-18, and 3-19. These
Tables indicate the dose as mg pesticide. This is an error in your Tables,
and our calculation is therefore incorrect. It should be mg/kg, which is
indicated in your Appendix B. When we noticed the discrepancy, we made some
phone calls to check which part of your report was correct and have determined
that it is Appendix B. My sentence should therefore read:

"We have converted your Q* and TMRC values to approximate our
PERP index, and we calculate that all of the permissible risks
in the NAS report lumped together produce a PERP value about the
equivalent of consuming (HERP) the alcohol in one glass of wine
per week."

I enclose a revised page 3 of my letter as a substitute for your files. I
await your reply to my letter.

Yours truly,

4)\4-\% O———P_A

Bruce N. Ames
Professor and Chairman

BNA/ssk
Enclosure

‘cc: National Research Council Committee
(w/enclosure)
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NATIONAL RESEARCH COUNCIL

2101 Consntunon Avenue  Washington D C 21418

BOARD ON AGRICULTURE TELEPHONE
{202, 334-3062

August 3, 1987

Dr. Bruce Ames

Chairman

Department of Biochemistry
University of California - Berkeley
Berkeley, CA 94720

Dear Dr. Ames:

Thank you for your provocative letter of June 26. My apologies for
not responding sooner--we have spent the last two weeks settling into a new
building.

Your letter raises so many interesting issues and challenges, I hardly
know where to begin. I am certain that your Science article stimulated
thinking and research in the appropriate disciplines and that it will no
doubt continue to be a topic for discussion and debate both in scientific
and regulatory circles. The Board on Agriculture’'s recent report on
pesticide residues in food will also be the topic of future analysis and
debate. The end result of your article and our report should be a more
informed judgment and rational regulation of possible carcinogenic
substances in food.

Let me briefly clarify the objectives of the NRC report. The
committee’'s charge was to analyze the impact of the Delaney Clause on the
pesticide tolerance setting system and to provide EPA with a means to
analyze these effects. It was not our objective to rank the relative risks
of pesticides or foods based on actual residues. Data gaps prevent such a

. comparative risk assessment using actual or even anticipated residue data.

The worst-case rankings contained in the report are only meaningful
when viewed in the larger context of the committee’s charge. The worst-
case risk methodologies underlying the committee’'s analysis were the only
way the committee could empirically answer questions basic to its charge
regarding the nature and distribution of potential oncogenic risk in
different kinds of foods. The committee had no choice but to use EPA's
TMRC exposure estimates in conducting its analysis. Actuel residue data is
available on relatively few pesticides, and often for only some of the
crops on which these pesticides are registered. Selective incorporation of
sctual residue data for some of the 28 pesticides studied in depth would
have biased the results.

Moreover, the committee lacked confidence in the cohsistency and
representativeness of the "actual residue data.™ Depending upon who

The Nationa! Resesrch Counail 1s the grncipal operatmg agency of the Natonal Academy of Sarnces and the Nenona! Academy of Engmeenng
, o serve government and other orgamzanons
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requests or develops the data, the analytical methods and proc®dures
underlying the measurement of "actual residue data” may differ markedly.
You will soon discover this as you compile an actual residue database for
pesticide risk assessment.

In viev of these limitations, the committee decided after a year and a
half of discussion that it had two options: It could report its analytical
findings based on the TMRC methodology, or, it could include essentially no
findings in the report, presenting only its sense of the distribution and
potential risk from herbicides, insecticides, fungicides, old and new
pesticides, and residues in raw versus processed foods. After considerable
internal discussion, the committee was convinced of the validity of the
report’'s basic findings despite the fact that the committee knew the data
might be used to misrepresent the committee’s findings. Moreover, the
findings led directly to important recommendations which would have no
basis without the justification inherent in the tables and analysis in
Chapters 3, 4, and 5.

In your recent Science article, the analysis of pesticide exposure
focuses on relatively few pesticides--those detected by FDA in one of its
market basket surveys. You are aware, I am sure, of the many deficiencies
in FDA's testing methods both in terms of sample size and residues
detected. As a result, your conclusions are limited to the quality of this
date. Likewise, the NRC report’'s "worst-case"/"permissible level"™ risk
assessments have come under similar criticisms. We are all limited by the
quality and completeness of data on pesticide toxicity and dietary
exposure. The tables and lists presented in our report are all based on
risks associated with permissible levels of residues. They are primarily
intended to demonstrate the distribution of risk and the merit of
distinguishing between possible "big” risks in contrast to certain "de
minimus" risks, and to demonstrate to EPA the types of analyses that may be
useful in devising a more rational regulatory program for pesticide
residues {n food.

The committee agrees that cancer risk from other sources is greater
than risks posed by pesticides, but would argue that this conclusion is not
particularly relevant to its charge, which was to offer EPA suggestions on
how to assess options for regulating cancer causing pesticide residues in
food. Whether cigarettes or comfrey tea present greater risks than
pesticides is not germane to the analysis. 1t i{s, howvever, an issue
readily addressed in the context of the NRC report’s analytical framework,
and the regulatory implications of which may be evaluated using the
principles inherent in the report’s recommendations. 1f a concensus
emerges and cancer risk from natural contaminants or constituents in foods
pose greater risk than pesticides, this recognition will challenge
Congress, federal agencies, and the public to confront many basic
assumptions about how public health can and should be improved.
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The basic point of your letter, &s I understand it, is thmt some
natural carcinogens are much worse than most, if not all, tested synthetic
chemicals. Such a judgment must ultimately rest upon knowledge of both
dose and toxicological potency, and many other factors that may intervene
in determining how humans respond to exposure to various agents. Some
scientists also theorize that humans have developed a degree of "genetic
resistance” to some natural carcinogens. 1've read persuasive arguments on
several sides of these issues, including the important points you and your
colleagues made in response to letters following the 1983 Science article.
1 am not aware of recent evidence that has shifted markedly the center of
these debates. 1 would greatly appreciate your views on significant new
developments in the sciences underlying risk assessment and pertinent to
these issues.

You state that regulatory actions against most pesticides are hard to
Jjustify in terms of relative risk reduction achieved. 1 am a strong
believer in the concept of relative risk and attach a recent paper
articulating in more detail how 1 envision relative risk decision-making
within the context of FIFRA. 1 am most anxious, however, to gain a firmer
sense of how fast a concensus within the scientific community might emerge
in support of your basic hypothesis. 1f and when it does, the implications
for EPA/FDA and FIFRA/FDCA will be profound, indeed almost unimagineable.
I'm sure you and others will encounter a whole new set of challenges in
forging.a political concensus for fundamental change in regulatory
priorities.

I1'd like to raise a few questions regarding the substance of your
letter. I am unsure of the exposure estimates used to derive HERP
rankings. In your letter you say that if every pesticide pot tested is
assumed carcinogenic, then a reasonable estimate of carcinogenic pesticide
residue in the diet will be 45 ug. Is this per day for an "average" diet?
How did you calculate this number? In your most recent Science article,
you note that exposure to three noncarcinogenic compounds i{s 105 ug: more
than twice the exposure you estimate for all carcinogenic and all untested
pesticides (based on the assumption that they will all be positive). Your
method of estimating dietary exposure to pesticides from FDA market basket
results is one way to develop a rough estimate of exposure. The
completeness and accuracy of this method is constrained by the extent of
coverage and accuracy of the FDA surveys.

Another perspective on total exposure can be gained by working back
from "worst-case” estimates. For the 28 pesticides we studied in depth,
total "worst-case” TMRC exposure for a 70 kg adult is 53.7 mg per day. If
actual residues are 108 of tolerance levels, and if 10% of the possible
acres are treated on average, "anticipated" total exposure would be 0.537
mg/day. Different assumptions will, of course, yield different estimates.
Your 45 ug estimate, if 1 interpret it correctly, would arise from an
assumption that about 1% of acres are treated, with residues at 10% of the
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tolerance level. One must also consider wide variation in expgshre based
on regional- or age-based differences in diet. The TMRC calculation
assumes an average adult diet with no regional or other variation.

You may note that EPA’s special review and/or re-registration
documents, another important source of more accurate exposure data on
pesticides, indicate that in general "most likely"” or "anticipated residue”
levels are between 1/100 and 1/10 of TMRC exposure estimates. Some major
products of concern--the EBDC’s, benomyl, alachlor, for example--have
anticipated residues at about 108 of TMRC. Residues of certain compounds,
such as the EBDC metabolite and conversion product ETU, will increase
during cooking and after ingestion, making assessment of actual exposure
and risk more complex.

As yo; note in your letter, {t i{s incorrect to assume that absence of
detection by FDA is proof of absence from the food supply. Of the 28 .
oncogenic pesticides we studied in depth (for which EPA could supply Q 's),
about one-third are not detected by either of the two methods routinely
used by FDA. At least 14 of the 53 pesticides on the so-called Waxman list
are not detected by FDA's routine multiresidue screens. A recent GAO
report documents the range of sensitivity of FDA's residue tests
(Pesticides: Need to Enhance FDA's ability to Protect the Public from
Illegal Residues. GAO/RCED 8707. October 1986.). Most importantly, FDA's
multiresidue tests do not cover some of the most worrisome and widely used
oncogenic pesticides, particularly fungicides used on fruits and
vegetables. Furthermore, in no case does FDA look for oncogenic
metabolites or conversion products that are known or suspected oncogens.

1 am intrigued by your method for calculating the TDgsg index. Would
you please provide, as an example, your calculations for EDB, and
formaldehyde, and for the pesticides atrazine and alachlor (summary data
from these two pesticides is enclosed). In particular, I am not certain
how the TD5p is extrapolated from the animal data and how several studies
are combined. Is the least squares method always used? Although I do not
thoroughly understand the TDgg. 1 agree that a measurement of its type will
be useful for ranking the potency of carcinogenic compounds and also in the
formulation of sound public policy.

1 maintain that worst-case estimates are not entirely irrelevant
scientifically or in a regulatory context. They serve as an estimate of
potential risk among more highly sensitive or highly exposed population
groups, {.e. sensitive individuals who eat a lot of local fresh fruits and
vegetables, all of which may have been treated with a specific set of
pesticides, sometimes at rates and in ways that increase anticipated
residue levels above "normal" levels. In future work, the Board hopes to
push shead with the incorporation of "actual® or "anticipated® residue data
in our database. We’d like to add water-based exposure to our dataset and

- undertake a study on exposure and hazard for children (proposal enclosed as
approved by the NRC).
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I'd like to discuss a joint effort to expand and refine the assessment
and comparison of natural versus synthetic risks. Upon reviewing your HERP
calculation, 1 suggest developing a modified HERP index based on a Q
potency indicator and our collective data sets for additional pesticides
and natural contaminants. The goal of this exercise would be to compare
natural and chemical risks using analytically comparable methods and
consistent assumptions in exposure estimates. The Board on Agriculture is
meeting in November in conjunction with the opening ceremonies for the
Plant Gene Expression Center in Berkeley. Perhaps we can get together that
week to discuss this venture further.

Ve would be glad to share with you and your colleagues other data in
our files on pesticides. 1 might note that a member of the Board's staff,
Richard Wiles, has spoken with Lois Swirsky Gold concerning EPA's Q*'s ané
their derivation from animal data. Please give me a call at 202/334-3062
s0 we can discuss these intriguing questions in greater depth and the
possibility of getting together in Berkeley.

Sincerely,

’ 2
(//lA ¢ /4"’ I.;J'iv\

Charles M. Benbrook
Executive Director

/t wr i

Attachments
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A CASE-CONTROL STUDY OF BRAIN GLIOMAS AND
OCCUPATIONAL EXPOSURE TO CHEMICAL CARCINOGENS:
THE RISK TO FARMERS

MASSIMO MUSICCO,' MILENA SANT,’ SILVIA MOLINARIL®
GRAZIELLA FILIPPINIL,' GEMMA GATTA* aND FRANCO BERRINO*

Musicco, M. (National Research Council, 20133 Milano, Italy), M. Sant, S.
Molinari, G. Filippini, G. Gatta, and F. Berrino. A case-control study of brain
gliomas and occupational exposure to chemical carcinogens: the risk to farmers.
Am J Epidemiol 1988;128:778-85.

During 1983 and 1984, 240 newly diagnosed cases of brain glioma and 742
controls (465 non-glioma nervous system tumors and 277 patients with other
neurologic diseases) were recruited and interviewed in the neurologic and neu-
rosurgical departments of two hospitais in Milan, italy. The occupational histories
of cases and controls were compared, and relative risk estimates, adjusted for
sex, age, residence, and socioeconomic status, were computed using the Mantel-
H | method. A ically significant risk increase was found for farmers
(relatlve risk (RR) = 1.6, p = 0.0025). This risk increase was attributabie to those
farmers who reported the use of chemicals (insecticides or fungicides, herbicides,
and fertilizers). Among the three groups of investigated agrochemicals, only the
use of insecticides or fungicides was associated with a significant increase in
relative risk (RR = 2.0, p = 0.006). Many farmers exposed to fungicides reported
the use of commercial compounds of copper sulfate. Some of these compounds
contain methyl urea, which has a specific carcinogenic effect on the nervous
system in animals. These data suggest that the occupational exposure of farmers
to agrochemicals might be responsible for the observed excess risk of brain

glioma in farmers.

agriculture; glioma; insecticides; occupational diseases

The evidence of the existence of chemical
carcinogens for the nervous system is sup-
ported by a large amount of data. In the
experimental setting, some N-nitroso com-
pounds (mainly N-nitroso alkyl ureas) are
capable of inducing tumors of the nervous
system in animals (1). In humans, a number
of observational studies and case reports
have reported associations between brain

Received for publication March 3, 1987, and in final
form November 25, 1987.

! [stituto di t ) Divi-
sione di Epldemxologla National Research Council,
Via Ampere 56, 20133 Milano, [taly. (Send reprint
requests to Dr. Massimo Musicco at this address.)

?Istituto Nazionale per lo Studio e la Cura dei
Tumori, Milano, lialy.

* Istituto Neurologico “C. Besta”, Milano, Italy.

hi dich

tumors and occupational and nonoccupa-
tional exposure to vinyl chloride (2-4), N-
nitroso compounds (5-7), pesticides (8-10)
and formaldehyde (11, 12). A recent hos-
pital-based case-control study (13) showed
an increased relative risk for occupation in
the rubber industry and for some indicators
of dietary and nondietary exposure to N-
nitroso compounds, together with a protec-
tive effect of fruit.

(The complete article is held
in the committee files.)
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In the late 1970s and early 198()sl, investigators in Sweden reported over
S-fold risks for soft-tissue sarcoma and lymphoma among persons exposed to
phenaxyacetic acid herbicides and chlorophenols (10-12). The possibility that
these widely used and important commercial chemicals might be human
carcinogens prampted a mmber of epidemiclogic investigations. Reports from
over 20 additional studies are now available. Results from these
investigations, which employed cchort and case-control designs, have not been
consistent, but as of yet the discrepancies canmot be explained. The purpose
of this paper is to provide a brief overview of available findings, to note
oonsistencies and inconsistencies, to consider methodologic issues,
particularly for case-control studies that might account for these
inconsistencies, and to identify areas of research needing development.

(The complete report is held in the committee files.)
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DEPARTMENT OF BIOCHEMISTRY BERKELEY, CALIFORNIA 94720

July 24, 1987

Dr. Charles M. Benbrook
Executive Director

Board on Agriculture

National Research Council
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Dear Dr. Benbrook:

In my letter to you of June 26, I would like to correct one sentence.
We calculated the equivalent of all of your permissible hazards lumped
together as the equivalent of the alcchol in 2 beers a year. This number
was based on using the numbers from your Tables 3-17, 3-18, and 3-19. These
Tables indicate the dose as mg pesticide. This is an error in your Tables,
and our calculation is therefore incorrect. It should be mg/kg, which is
indicated in your Appendix B. When we noticed the discrepancy, we made some
phone calls to check which part of your report was correct and have determined
that it is Appendix B. My sentence should therefore read:

"We have converted your Q* and TMRC values to approximate our
PERP index, and we calculate that all of the permissible risks
in the NAS report lumped together produce a PERP value about the
equivalent of consuming (HERP) the alcohol in one glass of wine
per week."

I enclose a revised page 3 of my letter as a substitute for your files. I
await your reply to my letter.

Yours truly,

/g)‘d-\QQ_O———&A

Bruce N. Ames
Professor and Chairman

BNA/ssk
Enclosure

‘cc: National Research Council Committee
(w/enclosure)
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DEPARTMENT OF BIOCHEMISTRY BERKELEY. CALIFORNIA 94720

June 26, 1987

Dr. Charles M. Benbrook
Executive Director

Board on Agriculture

National Research Council

2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Dear Dr. Benbrook:

You have been criticizing our work erroneously, and this letter is a
request to read our recent paper in Science more carefully, and to think more
deeply about the implications for the NAS-NRC report on pesticides.

In the June issue of Insight magazine, you are quoted as saying, "I don't
think there are any natural products that would come anywhere near the
magnitude of the risk of EDB in oranges and grain at the levels it was found
prior to its cancellatjon." One of the main points of our Science paper was to
show that this is not true. The residue levels we used for EDB in grain were
taken trom the EPA document justifying the ban of EDB. These were actual
levels on what the American public was consuming at the time of the ban. Our
HERP index value for this intake, 0.0004%, is trivial compared to many
commonly consumed natural substances reported in the table in Science. The
residue of EDB on oranges is primarily on the skin, and the intake was even
less than from grain. The HERP index is a ratio of the human exposure dose
(in mg/kg/day) to the carcinogenic potency in rodents (in mg/kg/day) reported
as a percentage.

In our paper we emphasized that the potential hazards from pesticide
residues should be viewed in the context of many larger natural exposures and
that it is not scientifically credible to use the results from rodent tests
done at the MTD to directly estimate human risks at low doses. We said,

"For example, an EPA "risk assessment" (92) based on a succession of
worst case assumptions (several of which are unique to EDB) concluded
that EDB residues in grain (HERP = 0.0004%) could cause 3 cases of cancer
in 1000 people (about 1% of all U.S. cancer). A consequence was the
banning of the main fumigant in the country. It would be more reasonable
to compare the possible hazard of EDB residues to that of other common
possible hazards. For example, the aflatoxin in the average peanut
butter sandwich, or a raw mushroom, are 75 and 200 times, respectively,
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the possible hazard of EDB. Before banning EDB, a useful substance with
rather low residue levels, it might be reasonable to consider whether the
hazards of the alternatives, such as food irradiation, or the
consequences of banning, such as increased mold contamination of grain,
pose less risk to society...."

The paper, and my previous paper in Science, also point out that we are eating
10,000 times more of nature's pesticides daily than man-made pesticides and
that only a handful of these have been tested in animal cancer tests. The
frequency of positive results in animal bioassays is high for both nature's
pesticides and man-made pesticides (40-60%), so there is every reason to think
we will find a whole new world of carcinogens among the natural chemicals when
more are tested. We are slowly compiling a long list of the natural chemicals
we think should be tested, and we are impressed with how large are the amounts
ingested and how close most are to the toxic level. Our paper points out the
case of solanine and chaconine:

"...Solanine and chaconine (the main alkaloids in potatoes) are
cholinesterase inhibitors and were introduced generally into the human
diet about 400 years ago with the dissemination of the potato from the
Andes. They can be detected in the blood of almost all people (12,90).
Total alkaloids are present at a level of 15,000 ug per 200-g potato with
not a large safety factor (about sixfold) from the toxic level for humans
(91). Neither alkaloid has been tested for carcinogenicity. By
contrast, malathjon, the main synthetic organophosphate cholinesterase
inhibitor in ocur diet (17 pg/day)(16), is not a carcinogen in rodents.'

"...There is also a choice to be made between using synthetic pesticides
and raising the level of plants' natural toxins by breeding. It is not

clear that the Jlatter approach, even where feasibla, is preferable. For
example, plant breeders produced an insect-resistant potato, which had to
be withdrawn from the market because of its acute toxicity to humans due
to a high level of the natural plant toxins solanine and chaconine (12)."

Thus, in your report you point out that tomatoes are allowed to have the
most residues, and you also say, "Advances in classical plant breeding...offer
some promise for nonchemical pest control in the future. Nonchemical
approaches will be encouraged by tolerance revocations if more profitable
chemical controls are not available...." I don't think you would have made
such a statement if you had read and absorbed my 1983 Science paper (Vol. 221,
pp. 1256-1264). Of course, tomatine, one of the alkaloids in tomatoes, is a
chemical, too. It is untested in rodent cancer bioassays and is present at
36,000 ug/100 g tomato and i{s orders of magnitude closer to the toxic level
tas are solanine and chaconine) than are man-made pesticide residues.

In the New York Times you were quoted as dismissing our work because we
didn't have the latest data. We are not certain whether you were referring to
residue data or the results of animal bioassays. With respect to the residue
levels we did use the latest published FDA data on actual pesticide residues
found in food. Residue data was available for only a few of the chemicals
that you evaluated in the NAS report. For our purposes, it would be useful to
have more published data on actual residues. The methodology in your report
did a different thing: hypothetical worst-case analyses assuming that every
farmer used every possible allowable pesticide at the maximum allowable
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residue levels. I do think, by the way, that it was quite useful and
reasonable for you people to have analyzed permissible residue levels. and
thought there was much useful material in your report. We have used
permissible levels for worker exposures in a recently submitted paper on PERP
values {Permissible Exposure/Rodent Potency as contrasted with our HERP values
(actual exposure)] for occupational exposures to carcinogens, which often come
out extremely high, incidentally.

We, of course, realize that the latest actual exposure figures from the
FDA which we quoted don't include every possible pesticide, but they are a
reasonable attempt, and we haven't seen any results (including your own) that
our estimate of 45 g of possibly carcinogenic pesticide residues consumed in
a day (assuming everything not tested will be a carcinogen) is going to be
very far off. For comparison, we also mention in our paper that there are
about 500 g of carcinogens in a cup of coffee (hydrogen peroxide and
methylglyoxal), 185 ug of carcinogenic formaldehyde in a slice of bread, 10
times more formaldehyde in a cola, 760 ug of carcinogenic estragole in a basil
leaf, a gram of burnt material from cooking our food, nitrosamines formed in
our gas ovens, etc.

With respect to animal bioassay data, the NAS report does calculate Q*
with animal bioassay data that are not in the published literature and that we
would like very much to have for our Carcinogenic Potency Database. Do you
know how we might obtain these data? We have converted your Q* and TMRC
values to approximate our PERP index, and we calculate that all of the
permissible risks in the NAS report lumped together produce a PERP value about
the equivalent of consuming (HERP) the alcohol in one glass of wine per week.-
This sort of comparative analysis, and not using the word "risk" for
mathematical juggling in the dark, will help to prevent people from
converting your numbers to absurdities. Lawrie Mott of the Natural Resources
Defense Council, for example, was quoted by the New York Times as saying,
"Using the worst-case risk estimates, the number of cancer cases caused by the
28 pesticides in this country is 1.46 million over the 70-year lifetime
exposure. But...the risk numbers 'significantly understate' the perils of
cancer to consumers...."

I am not terribly concerned, as pointed out in the paper, about the
carcinogenic risks from basil leaves and peanut butter sandwiches, as I don't
believe any of these hypothetical worst-case risks far from the toxic dose
will have much relation to reality, Our paper discusses the work of Farber
and others, which suggests that a mutated oncogene in the liver isn't enough
for carcinogenesis and that you need clonal selection (promotion), which you
can get through toxicity. I think one is commonly supplying toxicity in
animal tests by using the maximum tolerated dose and therefore that the true
dose response will fall off sharply with dose. I think we should be looking
more for toxicity reactions (hepatitis B, alcoholic cirrhosis, sunburn, etc.)
in human cancer.

1 am becoming convinced, though I won't go into detail here, that
attempting to regulate carcinogens at 1076 (1ifetime) hypothetical worst-case
.risks, though better than a Delaney approach, is counterproductive for several
reasons. The world is full of risks much above that, so paying attention to
minor risks diverts scientists and regulators from more serious and productive
work, thus decreasing public health, Public health is also decreased when one
confuses the public so that they lose sight of what is important in the
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plethora of risks. Since epidemiological evidence on disease indicates that
we should be eating more fruit and vegetables, not less, raising their prices
may be costly in terms of public health. If the levels of natural pesticides
are raised closer to the toxic level by plant breeding, an inevitable
consequence of eliminating man-made pesticides, this will probably decrease
public health as well. '

<. I enclose a recent article on one of the most eminent epidemiologists’
reservations about ''risk assessment" and some of my writings that you should
find of interest. I would appreciate a copy of the clarification letter you
send to Insight about the quote I started this letter with. Do come visit if
you are here in the Bay Area. We have some mutual interests to discuss. As
an inducement, I'1ll tell you about the natural compound we are all eating in
large amounts that has many of the properties of dioxin.

t Yours truly, .
/
< Qo
7~ <
Bruce N. Ames
Professor and Chairman

BNA/ssk
Enclosures
Pete
Water II
Science Review
Ranking

cc: National Reseaééh Council Committee
(w/enclosures)
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Mr. BENBROOE. Just to help put things in perspective somewhat,
the best job we can do, given the state of epidemiology, is estimate
that for different cancers, we are aware of different causative
agents, but as sort of a general matter, about 30—and perhaps as
high as 50 percent of cancers are caused by something in the diet,
dietary factors, whether it is fat, saturated fat, total calories, cho-
lesterol or something in the fat, or pesticides, no one really knows
. how to break down what it is about the diet, whether it is calories,
et cetera, that is the causative agent and I think it is going to be
quite a long time before that science is fully clarified.

Mr. BRowN. The information that you can submit will be helpful.
It goes beyond just natural or man-made. It goes to the point that
there are man-made carcinogens that impact upon human beings
other than through the route of diet, or from the results of the ap-
plication of pesticides. There are a lot of other ways in which man-
made carcinogens can impact upon human beings.

Mr. Grandy, do you have any questions?

Mr. Granbpy. Yes, I do, Mr. Chairman. Thank you.

Dr. Benbrook, I wanted to pursue one aspect of the Delaney
Clause which I find confusing and perhaps you could give us your
views on this. '

It is my understanding that under the Delaney Clause, it would
be possible to reregister and authorize as supposedly safe a pesti-
cide that contained a mild carcinogen, and at the same time—in
other words, you would eliminate a mild carcinogen, consider it
maybe more safe, and at the same time, as you are eliminating
that mild carcinogen, you are avoiding or accepting into the food
supply a pesticide which may not be a carcinogen, but may be more
dangerous. Is that correct?

Mr. BENBROOK. That is correct, Mr. Grandy. In fact, you could be
allowing continued use of a carcinogen that is clearly more potent
than the one that you are not allowing on the market——

Mr. Granpy. Could you give the committee an example.

Mr. BENBROOK. Let me give you a specific example. There is a
particular fungicide, a new fungicide, that was developed because
the agrichemical industry has known for years that most of our
current fungicides are quite toxic. Eight of 11 are carcinogens. One
was developed by a particular company that, when fully tested,
caused very mild—some would say equivocal carcinogenic effect.
The data was such that scientists could argue back and forth
whether it poses any carcinogenic risk, but if you did a risk assess-
ment upon it and came up with a risk number for this fungicide’s
use on hops, the carcinogenic risk that this new fungicide would
have posed was on the order of—if my memory serves me correct-
ly—of a 10 to the minus 8 or 9, so this would be 1/100th of a1l in a
million negligible risk standard.

At the same time, the major older fungicide that remains in use
on hops today poses a risk of approximately 10 to the minus 4, or 1
in 10,000. The reason that the new product was not allowed on the
market is that it was fully tested before EPA made a regulatory
decision to register its use on hops, and it was determined that the
level of the residue of the fungicide in the hops concentrates as you
manufacture beer, thereby triggering the Delaney Clause which
says there shall be zero, or no risk added to the food supply. But
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the older product, which wasn’t tested until the early 1970’s and
was in use 20 years before it ever was tested for cancer, it remains
on the market basically untouched by the Delaney Clause because
the Delaney Clause has never once been applied retroactively to
any product on the market.

This is what gave rise to the Academy recommendation that
whatever standard you have, it should be applied consistently to
both new and old pesticides, because what you have now is a seri-
ous bias against anything new.

Mr. GRANDY. So do I understand Roberts-Brown to address that
through the reregistration and registration equivalent?

Mr. BENBROOK. It does it there and it also does it by establishing
a consistent negligible-risk standard to be applied whenever evalu-
ating dietary cancer risk.

Mr. GranDpy. Can you contrast that with the Waxman approach
to the same problem?

Mr. BENBROOK. The Waxman approach shares many features,
but it is much more complex an approach. The Waxman bill estab-
lishes a discrete quantitative standard of 10 to the minus 6, and it
also has rather precise language on how that has to be calculated.
It also makes reference to the most sensitive population group
which will cause the agency to have to determine what part of the
population might consume most of the food, or might be most sus-
ceptible. In most cases, that is going to be infants and children.

So, because the Waxman bill has many other features, both tech-
nical and procedural, it is difficult for me to contrast that. Howev-
er, it is certainly possible that if all existing pesticides were
brought simultaneously into compliance with the Waxman bill, you
would also eliminate this old-versus-new bias.

My concern is, and the concern of many people who have studied
both bills, is that while the two bills may allow EPA to go in much
the same direction, the procedural difficulty of the Waxman bill
may make it harder to get there.

There is a considerable history behind this concern. Mr. Brown
has been through many oversight hearings about problems with
the special review process, problems with market data from IBT.
When serious problems arise, Congress has tended to pass a more
complicated, procedurally encumbered process to try to force EPA
to go in a given direction, but what happens is that EPA just gets
bogged down because it is very difficult to do precisely what the
legislation says.

I think that is the principal concern the Congress ought to have
in evaluating a simple approach like the Roberts-Brown bill,
versus a procedurally quite inflexible and complicated approach as
reflected in the Waxman bill.

Mr. Granpy. But, if I can just conclude, based on what you said
earlier about the incongruities of the Delaney Clause in terms of
zeroing in on what is dangerous and perhaps what is not, would
you conclude that the Roberts-Brown is perhaps a safer vehicle
when it is all tallied because you are moving to those areas of risk,
perhaps, with more flexibility?

Mr. BENBROOK. I think that the Roberts-Brown bill is going to
get the agency much quicker to a point where it can take action.
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Now, whether it does so at that point is going to be a matter of the
political will.

What is essential is that there has to be a consensus reached
within the Congress on what the rules are, and the process for
trying to unravel this problem. My biggest concern about the
Waxman bill is that even if the Congress reached a judgment, con-
sensus that that is the way to go, it might prove a very circuitous
route to get to the ultimate objective.

Mr. Granpy. Thank you, Mr. Chairman.

Mr. BRowN. Thank you, Mr. Grandy.

Dr. Benbrook, I have no further questions for you. We appreciate
your being here this morning.

Mr. Roberts has an additional question.

Mr. RoBerTts. Dr. Moore did testify at our last hearing that the
science of risk assessment is very fluid, and if we were to em-
brace—

A rigid definition and descriptive approach I think we might be unwittingly sub-

stituting a new set of problems for the old sent of problems that we find in regards
to the rigid definition found in the Delaney Cause.

I know that there are those who will say that our approach is
not sufficient for a regulator to fulfill the policy directives, i.e.,
public safety, at the EPA. And to answer that question, I suppose—
and, as I pointed out, I feel the other approach simply is too com-
plex, will lead to more problems than answers. So, to answer that
question, I suppose I would like to ask you to describe whether the
prevailing thought that you have stated here today on what is a
risk that is very negligible, is it sufficiently thought out or, to be
more accurate, will it be accepted by a majority of scientists and,
more importantly, by the public?

And in this regard, perceived risk by the public in regards to
what is in the national media, and I am not trying to perjure that
one way or the other, and what is a real risk both short term and
long term may be, you know, very different. I have an article here
from a March publication, by a Mr. Mike Cummings, saying
“Daring To Live,” and he points out research respondents rank
risks. He has a civic organization, college students, members of a
business club, and then experts. You are in that latter category.

And they rank the top 30 risks to society. No. 1 by the college
students and by the civic organization is nuclear power; No. 1 by
the experts is motor vehicles, in terms of an immediate problem.
Now I could go through the whole list here, everything from swim-
ming and skiing and X-rays and even contraceptives, and we are
going to leave that one alone this morning, and all of that, even
power mowers. But you can see the perceived risk and then the
actual risk. And Lord knows, we have tried to define the actual
risk here with these many hearings as long as I can remember.

Are we ready to go to a negligible risk standard to get the kind
of public acceptance necessary to back that kind of confidence? Is it
possible?

Mr. BENBROOK. Mr. Roberts, you are very perceptive in noting
that this is not going to be an easy road to travel regardless of
what piece of legislation this Congress or the next one might craft
in this area, or regardless of the guidance provided to the EPA and
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regardless of whatever actions EPA might take. There is going to
remain in our society considerable difference of opinion in terms of
the willingness of people to accept involuntary risks, of which pes-
ticide residues in food is clearly a principal example. So, the con-
troversy is not going to evaporate under any circumstances.

However, to answer your question directly, yes, I think that it is
possible for EPA to make and take regulatory actions based on a
negligible risk standard that will command the confidence and re-
spect of both the scientific community and the public. And, Mr.
Roberts, they have done it. The current EPA in the last 6 or 8
years have taken a few such actions which appear to be inconsist-
ent with the Delaney Clause, but they took them anyway and they
published the basis of their judgment in the Federal Register, and
people basically accepted it.

I think it is clear where the problem will arise. There are lots of
instances where people will readily agree that the risks are clearly
so small that one should not be worried about them. But in a few
other instances, people will agree that risks are clearly great
enough that something should be done; hence, EPA will take action
to reduce risks or a company will voluntarily withdraw a registra-
tion of a pesticide. There have been examples of both. But in the
middle—between clearly negigible and unarguably serious risks—
there are going to remain certain instances where it becomes a
matter of considerable scientific uncertainty about what the risks
really are and hence, ultimately, a political judgment on how risk
adverse regulatory agencies ought to be.

But I do think that there is a reasonably well defined notion of
what negligible risk is amongst Federal regulatory agencies—not
just pesticides, but OSHA and FDA and across the board—and the
ability of EPA to defend such actions both in the court of public
opinion and in courts of law. However, the debate is going to go on.

Mr. RoBerTs. One follow-up question, Mr. Chairman, and I will
make it short.

Do we need a number in order to quantify and build that kind of
confidence? And then I guess that depends on your point of view if,
in fact, you are going to say that Diminicide should not be used on
a crop like peanuts and point out the risk involved in extensive
tests with laboratory animals, and that the risk is, as you say, 10 to
the minus whatever it is. Some people might say yes, and some
people might say no, I don’t want to take that chance, and that we
shouldn't take that chance.

A colleague of mine on the Tobacco and Peanuts Subcommittee
did a little research and pointed out that the average human con-
sumption to the degree that was fed to the laboratory animal, i.e.,
the lab rat, that an individual would have to eat 600 pounds of
{)eaxiut butter a day in order to receive that kind—or that kind of
evel.

Now, if you pose it in that context why people are going to say,
“Well, that’s ridiculous and I'll keep on eating, you know, Peter
Pan,” and the schoolchildren of America will continue to eat their
peanut butter sandwiches. And that is what worries me.

Do we need a number? I think numbers pose a greater problem
than what we are trying to accomplish in the bill.
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Mr. BEnBrOOK. Well, I think that as a practical matter there is
such a degree of confluence, if you will, in the regulatory actions of
different Federal agencies around a one in a million, or 10 to the
minus 6 standard that that is sort of a generally accepted notion of
a negligible risk level.

But I don’t think that you have to specify in legislation what
that number is. I think the regulatory agency is going to be bound
by generally accepted public policy actions and legal precedents,
and the views of the scientific community. It may tend to wiggle
around between 10 to the minus 6 and 10 to the minus 4. It is in
that range where it is going to be very difficult. But you picking 10
to the minus 5 isn’t going to make it any easier.

Mr. RoBerts. No. If you pick that, why somebody is going—you
know, if you pick a number, somebody is going to say change the
number.

Mr. BENBROOK. Yes.

‘Mr. RoBerTs. On both sides.

Mr. BENBROOK. Let me add one other thing. I know that it is re-
assuring to some to think of ridiculous examples of how much a
person would have to eat to consume a dangerous amount of a pes-
ticide. But I can tell you that as more and more actual residue data
comes in, and as we look at dietary exposure to pesticides more re-
alistically, the data will likely still lead to some instances where
risks are well above a negligible level. This is why as more re-
search is done, as EPA develops groundwater data and better tools,
it is not going to make the problem go away. It will allow the
agency to pinpoint where the problem is much more accurately,
but still it will be there in some instances. And either the regula-
tory agencies are going to have to convince the public that that
level of risk is acceptable, or steps will have to be taken to do
something about it.
thMr. RogEerTs. But the bottom line is you get the bad actors out of

ere.

Mr. BENBROOK. That is right. And they are not going to go away
by making comparisons to how much peanut butter you would
have to eat to become ill, or receive the same dose fed to a rat in
an animal experiment.

ChMrl.(ROBER'I‘s. I appreciate that. Thank you for your contribution,
uck.

Mr. BEnBroOK. Thank you.

Mr. BrowN. Chuck, before you leave, Mr. Stenholm has another
question. )

Mr. StenHOoLM. Dr. Benbrook, can you recite or furnish for the
record the occurrence rate of cancer over the last several years?

Mr. BENBROOK. The National Cancer Institute does an excellent
report about every 5 years; it is kind of a statistical update of
cancer trends, and they came out with one, I believe, earlier this
summer or within the last year. Perhaps I could get the “Executive
Summary” of that report and provide it for the record with the
other material.

Mr. StenHoLM. I would like to include that information as an at-
tachment to your testimony.

Mr. Roberts, you read the study that ranked nuclear power as
the No. 1 threat.
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It certainly would be my hope as a member of this committee
that we could approach the subject of agricultural chemical utiliza-
tion in a national manner. From a farmer’s perspective, I do not
know of a single producer that wants to continue to use any chemi-
cal that in fact is going to be injurious to himself, his family, his
neighbors and those that will live on that farm after they leave.

We need to have a meeting of the minds between all parties that
would like to lessen the dangers of pesticide contamination. Howev-
er, we need to do so within the confines of common sense.

Mr. BrowN. Thank you very much, Mr. Stenholm. Thank you,
Dr. Benbrook.

Our next witness is Dr. John McCarthy, director of scientific and
regulatory affairs of the National Agricultural Chemicals Associa-
tion.

STATEMENT OF JOHN F. McCARTHY, DIRECTOR, SCIENTIFIC AF-
FAIRS, NATIONAL AGRICULTURAL CHEMICALS ASSOCIATION,
ACCOMPANIED BY GEORGE L. ROLOFSON, MANAGER, GOVERN-
MENT RELATIONS, CIBA-GEIGY CORP.

Mr. McCartHY. Thank you, Mr. Chairman. Accompanying me
here today is Dr. George Rolofson, from the Ciba-Geigy Corpora-
tion.

Mr. Chairman and members of the subcommittee, I am grateful
for the opportunity to testify today on behalf of the National Agri-
cultural Chemicals Association on H.R. 4937, the “Pesticide Food
Safety Act of 1988.”

I have a written statement which was submitted on July 28,
which I request be entered into the record, and I will just summa-
rize a few points here.

Mr. BrowN. Without objection, it will be in the record.

Mr. McCartHY. All members have a vital interest in this legisla-
tion and look forward to working with you and your subcommittee
as it examines proposals to address the inconsistencies in EPA’s
legal authority in this area. Mr. Chairman, we must solve the in-
consistency in our food safety laws. As the National Academy of
Sciences reported in their report a year ago, it makes no sense to
have a dual standard for raw and processed foods and for old and
new pesticides which have been found to have an oncogenic re-
sponse in laboratory animals.

From day one, we have consistently supported the basic recom-
mendation contained in the NAS report: specifically, the concept of
negligible risk applied across the board for raw and processed foods
for both old and new pesticides where there is evidence of an onco-
genic response in animal tests.

We have stressed, at the same time, the need for flexibility in
the methodology for determining what constitutes a negligible risk.
The process of risk assessment is complex. It is continuously evolv-
ing. New and improved methodology is appearing such that it
would be a mistake to freeze the science through legislative action.

Mr. Chairman, the proposed legislation presented in title II pro-
vides not only a solution to the inconsistencies noted earlier, but
provides the necessary flexibility to allow recent and future ad-
vances in the science of risk assessment to be applied to the regis-
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PESTICIDE FOOD SAFETY ACT OF 1988

Invited Testimony
by
Charles M. Benbrook, Ph.D.*

Mr. Chairman, Congressman Roberts, and other members of the
subcommittee, it is indeed a privilege and great honor to appear before you
today to address the "Pesticide Food Safety Act of 1988."

This bill, and this hearing will hopefully mark an important step
forward in the pesticide oversight and legislative activities of the DORFA
subcommittee. During the subcommittee'’s extensive oversight of EPA
regulatory actions and policy changes in 1982-1983, your efforts brought to
light the Agency's ambivalence regarding how to treat residues of
potentially cancer-causing pesticides in food. In 1983 Chairman Brown
wrote the Agency, raising a variety of questions about EPA’s interpretation
of the Delaney Clause, its applicability to pesticide residues in food, and
its plans for dealing with the dual standards for regulation inherent in
the Food, Drug, and Cosmetic Act (FDCA) and FIFRA statues.

Chairman Brown'’s letter provoked EPA to assess its own policies in
this area, and no doubt contributed to the Agency’s decision to commission
the National Research Council’s Board on Agriculture to assist the Agency
in developing a scientifically sound basis for the regulation of oncogenic
residues. The findings, conclusions, and recommendations of the NAS study
are contained in the report Regulating Pesticides in Food: The Delaney
Paradox (National Academy Press, 1987). A copy of this report was provided
to members of the subcommittee and staff upon its release in May 1987.

Discussions since the report’s release, and a variety of other events
(i.e. Court of Appeals decision on de minimus, Proposition 65) have served
to sharpen public understanding of the regulatory dilemma faced by EPA in
carrying out its statutory responsibilities. And now with the introduction
of the "Pesticide Food Safety Act of 1988," the subcommittee has progressed
from oversight and problem definition to the drafting of legislative
remedies. The subcommittee deserves great praise for the courage and
commitment needed to exercise both its oversight and legislative
responsibilities in this highly controversial and extremely complex area of
regulatory and public health policy.

*Testimony presented September 7, 1988 before the Subcommittee on
Department Operations, Research, and Foreign Agriculture (DORFA), Committee
on Agriculture, U.S. House of Representatives. Dr. Benbrook is the
Executive Director of the Board on Agriculture, National Research Council,
National Academy of Sciences.
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Principal Recommendations of the NAS Report
Regulating Pesticide Residues in Food: The Delaney Paradox (hereafter

referred to as the Delaney Report) made four principal recommendations.
Herein I describe the relationship between provisions in the "Pesticide
Food Safety Act of 1988" (hereafter referred to as the Roberts-Brown bill)
and the NAS Delaney report.

First, two important points deserve note. The NAS committee which
carried out the study and produced the report was not asked, and did not
dwell at length on the need for, or substance of legislation to implement
its recommendations. The committee felt that its recommendations could, in
large part, be acted upon administratively, or through legislation, or
through a combination of legislative and administrative reforms.

Since completion of the project, the adverse Court of Appeals decision
regarding the legal basis of the Food and Drug Administration’s de minimus
policy has weakened the likelihood that EPA could implement the report's
recommendations administratively and withstand legal challenge, which would
likely follow. Legal experts differ both in their views regarding the
ultimate scope of the recent Court of Appeals decision, and whether and how
litigation might evolve if EPA moves ahead to administratively adopt a
negligible risk standard.

A second key point--the NAS committee viewed its four principal
recommendations as interrelated and interdependent. It felt that a strong
case could be made for each of its recommendations, both on scientific and
policy grounds, but only when adopted as a package. The reason for this
important caveat will soon become evident.

Recommendation 1: Consistency

"Pesticide residues in food, whether marketed in raw or
processed form or governed by old or new tolerances,
should be regulated on the basis of consistent
standards. Current law and regulations governing
residues in raw and processed food are inconsistent
with this goal." (Delaney report, page 11)

To a large extent, this consistency recommendation both drives and
shapes the other recommendations. It also poses the principal statutory
challenge this subcommittee must resolve in crafting legislation.

The Roberts-Brown bill addresses head-on the major statutory
provisions that give rise to inconsistent treatment of oncogenic pesticide
residues in food:

* The inconsistency between how residues in raw commodities and
fresh produce are treated, in contrast to processed foods is
eliminated in a straightforward fashion in Title II. Pesticide
residues that concentrate on processed foods are removed from
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Section 409 of the FDCA, and hence outside the reach of the
Delaney Clause.

* The inconsistency between new and old pesticides is addressed in
Title I, which proposes a simple, yet far-reaching change in the
re-registration provisions of FIFRA. By making re-registration
the functional equivalent of registration, the Roberts-Brown bill
would provide EPA a much more realistic statutory mandate and
process with which the Agency could assess and regulate new and
old pesticides with a consistent set of rules and scientific

criteria.

While an elegant analytical case can be made for consistent treatment
of pesticide residues, plain old common sense provides perhaps the most
compelling basis for striving toward consistency. But how can EPA work
toward consistency, short of either canceling all food uses of oncogenic
pesticides, or leaving all such uses essentially unregulated?

Recommendation 2: Adoption of a Negligible Risk Standard

"A negligible risk standard for carcinogens in food,
applied consistently to all pesticides and to all forms
of food, could dramatically reduce total dietary
exposure to oncogenic pesticides with modest reduction
of benefits." (Delaney report, page 12)

The need for and nature of this recommendation is best described in
the committee’s own words:

"The committee believes that the elimination of
oncogenic pesticide residues from human food is an
appropriate aspiration of regulation. The committee
recognizes, however, that residues of several dozen
oncogenic pesticides may be found in hundreds of
different foods. Many such residues pose little risk
to humans, whereas some clearly warrant attention and,
quite probably, regulatory action. The problem of
implementing action against many pesticides with
limited personnel and resources should be minimized.
Moreover, the challenge for regulators grows
increasingly complex as science and technology advance.
Improvements in analytical chemistry and residue
detection capabilities, new toxicological data,
changing pesticide use practices, and the development
of new pesticides and foods establish an urgency and
the feasibility to devise a strategy for attaining a
safer food supply." (Delaney report, page 12)

The Roberts-Brown bill calls for the application of such a standard in
establishing, reviewing, adjusting, and when necessary revoking tolerances
for oncogenic pesticide residues in fresh and/or processed foods.
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Moreover, the language in Section 204 of the Roberts-Brown bill
provides the Administrator clear and appropriate guidance regarding how to
apply the standard. As recommended in the Delaney Report, the bill would:

* Apply a negligible risk standard to the estimated dietary risk
from exposure to a given pesticide used on a given crop, taking
into account residues in or on both fresh and processed foods
derived from the crop.

* Require EPA to use realistic assumptions and the best available
data in developing risk estimates, and when comparing risks
associated with one pesticide in contrast to risks from other
pesticides registered for the same crop use or uses.

Another key point deserves mention. The NAS committee discussed at
virtually every meeting whether to recommend a quantitative benchmark for
negligible risk as part of its definition of this important concept. The
committee was both sensitive to and well aware of valid arguments both for
and against specifying a quantitative benchmark in the definition of
negligible risk. In the end, the committee was persuaded that quantitative
risk assessment methods, and the science underlying estimates of oncogenic
risks, were too fragile and changeable to either assert that risks below a
certain level are truly "negligible,” or that risks above the "negligible”
level indeed pose a significant risk of cancer in man. Such judgments, in
the committee’s view, can only be made on a case-by-case basis following a
thorough review of the complete toxicological datgbase available on a
particular chemical. Even then, such judgments may be very hard to make.

In the absence of a defensible scientific basis to establish a
quantitative benchmark for negligible risk, the committee felt constrained
to merely define what it meant by such a risk level, while utilizing 10~
as one commonly accepted benchmark in its analytical exercises. For many
years regulatory officials in EPA, FDA, and other agencies will continue to
face a difficult set of scientific and policy issues in reaching judgments
regarding negligible risk. The language and approach taken in the Roberts-
Brown bill regarding the definition of negligible risk is sensitive to, and
consistent with the NAS committee's findings and recommendations regarding
the need for consistent application of a negligible risk standard.

Recommendation 3: Target High-Risk Pesticides and Crop Uses

"The committee’s analysis (described on pages 50-66)
suggests that about 80 percent of oncogenic risk from
the 28 pesticides that constitute the committee’s risk
estimates is associated with the residues of 10
compounds in 15 foods. Logic argues that the EPA
should focus its energies on reducing risk from the
most worrisome pesticides on the most-consumed crops,
and compelling reasons support such a strategy."
(Delaney report, page 14)
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A great deal of additional research on the magnitude and distribution
of oncogenic pesticide residues (and risk) in food have been undertaken,
and is ongoing within EPA, state regulatory agencies, private
organizations, and academic institutions since the May 1987 release of the
NAS Delaney report. While individuals differ markedly in their view of the
magnitude and true significance of pesticide-related cancer risk, there is
now widespread agreement that both exposure and potential risk is heavily
concentrated in relatively few foods following the use of perhaps a dozen
oncogenic pesticides.

In contemplating the challenge EPA faces in re-registering some 200
plus food use pesticides, this point takes on great significance. If and
as EPA determines that some pesticide risks indeed exceed a negligible
level, and further finds that risks exceed benefits, the Agency can
substantially reduce risks by targeting regulatory action toward the
relatively few pesticide uses associated with the greatest risks. For the
farm community, the other side of the coin is reassuring--most current uses
of potentially oncognic pesticides contribute very modestly, if at all to
dietary cancer risk, and hence are not likely to warrant severe regulatory
restrictions, at least not on the basis of dietary cancer risks.

The three preceding recommendations constitute both an approach, and a
new set of rules for establishing tolerances and regulating oncogenic
pesticides. The last recommendation addresses the need for EPA to augment
its current approach to risk assessment and risk-benefit balancing through
adoption of an analytical framework designed to facilitate two key goals--
highlighting the relative risks and benefits associated with the use of all
the pesticides registered for control of a given pest on a given crop; and
second, assisting the Agency in assuring that its'regulatory actioms
actually reduce total risk after crop producers have switched to other
products following a regulatory action.

Recommendation 4: Adoption of an Analytical Framework

"The EPA should develop improved tools and methods to more
systematically estimate the overall impact of prospective
regulatory actions on health, the environment, and food
production. Rapid advances in computer technology, as well as
the EPA's successful efforts to computerize major data sets like
the Tolerance Assessment System (TAS) make such progress readily
attainable.” (Delaney report, page 15)

The committee explained the need for such a framework by -pointing out
that:

"Use of new analytical tools and data bases could help
the EPA get ahead of its growing work load. The
refinement of such a system would allow the EPA to
project with increased confidence a wide range of
impacts associated with its regulatory actions. For
example, the committee's rudimentary analysis
demonstrates that certain strategies for implementing
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the Delaney Clause could increase dietary risk, and
vigorous application of the Delaney Clause to
tolerances for residues in processed foods may not be
the most effective strategy for minimizing dietary
exposure to oncogenic pesticides." (Delaney report,
pages 15-16)

As stated earlier, the committee felt that its four recommendations
were justified when considered as a package. It would remain extremely
difficult for EPA to target high-risk uses of pesticides without a new
analytical framework, nor strive toward consistency in applying a
negligible risk standard to new and old pesticides, and residues in fresh
and processed foods.

The committee felt compelled to point out one particularly key linkage
among its recommendations:

"The adoption of a negligible-risk standard would
provide added justification for the agency to reduce
relatively high risks while deferring actions on
relatively low or perhaps even zero risks. The
committee would not endorse the adoption of such a
standard if it were not consistently applied to all
pesticides and all forms of human food." (Delaney
report, page 13)

legislative Proposals Impacting Re-registration

For the last several years the subcommittee has passed legislation
containing an extensive set of amendments involving the re-registration
process. Indeed, many people consider the amendments developed to
accelerate the re-registration process as the most important feature of the
legislation the full Committee on Agriculture is scheduled to markup in the
near future.

The relationship between the Roberts-Brown bill re-registration
provisions and those in the FIFRA bill passed earlier this month by the
subcommittee warrants some discussion. Put simply, the amendments address
different issues, and are very different in content. They are not mutually
exclusive. Prior to full committee markup, I would urge the subcommittee
to consider how the two provisions could be integrated.

The key change proposed in the Roberts-Brown bill is simple: it would
make re-registration the functional equivalent of registration. Many
people erroneously assume that this is indeed now the case with the current
FIFRA. While the language of FIFRA could arguably be read in support of
the notion that registration and re-registration are the same, in practice
the two actions are very different.

In the case of reviewing an application for a new registration, the
Agency requires the applicant to meet all applicable data requirements
before reaching a decision regarding potential risks, and moreover the
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burden rests on the applicant to prove that risks are slight, and that
benefits exceed risks. The product is not allowed on the market until
proven safe.

In the re-registration process, the shoe is on the other food. EPA is
compelled to leave a pesticide product on the market despite datagaps, and
even when there are rather clear indications of significant risk. For most
active ingredients, the first several years of the re-registration process
entails little more than identifying and filling datagaps. Once the data
is in, EPA then proceeds to conduct a new risk assessment. If it
determines that the risks from some uses are potentially excessive, the
Agency then has to initiate either the special review or cancellation
processes, which generally take a few more years, at a minimum, to
complete. Only then are benefits seriously evaluated.

Under current law, the decision to not re-register a pesticide only
triggers the beginning of another protracted, costly administrative
process. This is why Dr. Moore of EPA repeatedly highlights the statute
itself as a principal constraint in working through the backlog of
chemicals that are winding their way through re-registration.

The Roberts-Brown bill goes to the heart of this problem by changing
the standard EPA is required to apply when considering an application for
re-registration, and by furthermore conferring regulatory significance to a
decision not to re-register a pesticide. It also deals with the very real
issue of Agency resources by placing the burden on registrants to apply for
re-registration, and submit with such an application a complete dataset
(which will no doubt include references to data already submitted to the
Agency). Last, it would extend the routine re-registration period from 5
to 12 years, in recognition of the fact that a pesticide which can meet the
current standards for safety and efficacy, based on a complete and up-to-
date dataset, is likely to remain a valuable and safe product for many
years to come. As a practical matter, a thorough review of all old
pesticides once every 12 years would do far more to protect the public
health than the type of piece-meal, step-wise assessment that occurs today.

The extensive re-registration amendments in the subcommittee passed
bill would establish a five phase re-registration process taking an
estimated 9 years to complete. Several provisions are both needed and
clearly compatible with the Roberts-Brown bill. Specifically, it would be
desirable to retain the fee structure and related amendments from the
subcommittee passed bill in any future package of re-registration
amendments; the penalty provisions in the subcommittee bill for non-
compliance with the procedural requirements of the re-registration process
also belong in any future set of amendments, as well as provisions
addressing inadequate or fraudulent data.

The major differences in the two bills are the change in the standard,
and the extension of the re-registration time period from 5 to 12 years.
The timetable called for in the two bills is very similar, and could easily
be reconciled.
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One important point deserves emphasis relative to timetables. The NAS
Delaney report, and other reports and studies have documented that the
risks associated with current pesticide use patterns are highly variable.
Relatively few pesticides account for the lions share of risk; just a few
uses for the riskiest pesticides account for the bulk of exposure; water
quality and other environmental problems generally arise from certain
combinations of soil type, climate, and application methods; worker safety
problems reflect particular combinations of practices, in the absence of
recommended safety precautions, and so.

As a result, the public health and environmental goals of FIFRA would
be advanced most cost-effectively by providing EPA authority and
flexibility to target its re-registration, special review, and cancellation
efforts at those pesticides which appear most worrisome. EPA has a pretty
clear idea of which products belong in this category. It would be
preferred for EPA to select 15 of the most hazardous products, and act to
reduce risks to acceptable levels from them over the next 24 months, rather
than to work its way through the first two or three of five phases of re-
registration on some 600 active ingredients. In striving to provide a
statutory mandate to implement the NAS report's recommendations, the
Roberts-Brown bill would go a long way toward focusing Agency resources and
effort on potentially significant risks.

In summary, I believe it is fair to say that the provisions of the
Roberts-Brown bill would substantially reconcile within the FDCA and FIFRA
statutes the principal statutory constraints EPA faces in implementing the
four major recommendations in the NAS Delaney report. Please note my
choice of words--it was deliberate.

The Roberts-Brown bill would provide EPA critical new authority,
tools, and direction. It would not, nor can any legislation, dictate that
such new authority be exercised with a sense of urgency and commitment to
reducing public health risks. Moreover, as this subcommittee is well
aware, there are many other factors which must realistically be taken into
account, including--

* Funding levels to support the re-registration process.

* New developments in the scientific arena, including a rapidly
growing database on pesticide risks stemming from surface-water
and ground-water contamination.

* State regulatory efforts and initiatives, like Proposition 65;
ongoing litigation, and the prospect of new cases involving
regulatory actions based upon a de minimus theory.

* Political changes in the executive and legislative branches of
government.

For better or worse, the DORFA subcommittee opened this can of worms.
The issues were bound to arise, and pose tough choices both for Congress
and regulatory officials. By crafting this bill and holding -this hearing,
the subcommittee has taken a commendable step forward in resolving a
complicated, at times seemingly impenetrable regulatory problem. Thanks
for the opportunity to appear before you this morning. I would be pleased
to answer any questions.

!

(Attachment follows:)
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Results

US. Rates

Morulity rates between 1950 and 1980 rose most
dramatically for lung cancer, with female rates rising 36%
each five vears compared to 20% for males (figure 2). Other
striking increases (over 10% per five years) were seen in
both sexes for malignant melanoma, multiple myeloma, and
connective tissue tumors, and for laryngeal cancer among
women. Rates for cancers of the lip and stomach in both
sexes, and for non-melanoma skin and liver cancers among
women, dropped over the same period by 19% or more
per five vears. Decreases of more than 10% per five years
were also seen for cancers of the bone and rectum in both
sexes, for cancers of the cervix, corpus uteri, nasal cavity,
and thyroid gland among women, and for non-melanoma
skin cancer and Hodgkin's disease among men. During the
1970s, the highest morulity rates were seen for lung, colon,
and prostate cancers among men and for breast, lung, and
colon cancers among women (figure 3). These sites, along
with the corpus uteri, also had the highest incidence rates
during this period. 34

Although the mode! used to eamine time trends fits
the US. data very well, examination of those sites with 2
poorer fit pointed 0 noteworthy changes in the patterns of
the rates over time. Sharp downturns in mormulity rates for
Hodgkin's disease and testicular cancer and a sharp increase
for female lung cancer were seen during the 1970s for all
ge groups.

An examination of the interaction of age and time
effects on the US. morulity rates identified cermain cancer
sites where patterns differed by broad age group (20-44,
4569, 70+). The most common pattern revealed dectining
rawes over time for the youngest age group but not for the
others; this was the case for cancers of the colon, rectum,
bladder, lymphomas, multiple myeloma, and leukemia for
both males and females; breast cancer for males; and
corpus uteri, thyroid, and other endocrine tumors for
females. For malignant melanoma and connective tissue
cancer, the rates for the youngest group increased slightly,
compared to a greater increase over time for the older ages
among males and females. For fernales, cancers of the oral
cavity, esophagus, and larynx showed a decreasing trend for
the youngest ages, an increasing trend for the middle ages,
and a suble pattern for the oldest group. For brain cancer,
rates for the oldest group of males and fernales increased -
dramatically over time, to surpass those of the middle age
group which previously had the highest reported rates.

The mortality rate variability, as measured by the inter-
quartile range, was similar for men and women for most
sites during the 1970s, except for cancers of the bladder,
rectum, colon, and oral cavity which showed at least a
20% greater variation among men. The degree of variability
was largest in the 1970s for cancers of the lung, rectum,
colon, lip, oral cavity, nasopharynx, and eye among both
men and women (figures 4 and 5), bladder among men,
and cervix uteri and breast among women. leukemia
showed the least variation for both men and women during
this time period. The interquartile ranges for cancers of the
eye, other endocrine glands, nasopharynx, and lip appear
unusually large among women for the 1950s because over
25% of the SEAs had no deaths due to these causes. While
an apparent homogeneity of rates (e.g., leukemia, cancers of
the pancreas or prostate) does not preclude the existence of
geographic clusters of high rates, it does indicate that on the
whole rates are not as variable for these cancers as for
others. For nearly all sites, the variability of rates has
decreased over time (figures 4 and 5). However, 2 dramatic
increase in rate variation has occurred for female lung
cancer, indicating the emergence of wide geographic
differences since the 1950s.

The general trend toward increasing homogeneity of
cancer rates over time is further supported by a comparison
of the overall US. rates with the corresponding medians of
the distribution of the SEAspecific rates. The overall US.
rate for a tumor which occurs predominanty in densely
populated areas is higher than the median rate of the SEA
distribution because the toul number of deaths in the US.
rate will be heavily weighted by these populous areas. In
the 19505, US. rates for several sites were more than 20%
higher than their corresponding median rates (cancers of
the nasopharynx, larynx, rectum, and endocrine system in
both sexes; eye cancer in women; cancers of the bladder,
colon, esophagus, and oral cavity in men). However, in the
1970s only a single cancer site (recal cancer among men)
revealed such a large difference. This measure of “urban
effect” dropped for male lung cancer from an 18% excess
in the 1950s © 2 1% deficit (ie, the US. rte 1% lower
than the median) in the 1970s, indicating that increases in
male lung cancer rates have been wking place mainly in less
populous areas. Similarly, US. cervical cancer rates were
below the median rates for every decade, indicating that
deaths duc to this cancer have been occurring more in less
populous areas for at feast 30 years.
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Geographic Patterns

Described below are the patterns for the most commonly
oceurring cancers, along with possible explanations based
mainly on corretation and analytic studies conducted by
the National Cancer Institute, usually in collaboration
with other research groups, in response to earlier cancer
atlases.

Oral cavity: Rates for men were high in all time
periods in the urban Northeast, and in several
metropolitan areas and port cities elsewhere. However, in
the 1970s high-rate areas predominated along much of the
east coast. The urban association among males appeared
to correspond with levels of alcohol consumption and
tobacco smoking, the major risk f2ctors for oral cancer!
Among females, however, the rates were highest in rural
counties of the South, especially in the earlier time
petiods. A case-control interview study of North Carolina
women implicated the long-standing habit of dipping
snuff, ie., placing finely ground smokeless tobacco be-
tween the gum and cheek.4? This cluster of oral cancer
was less pronounced in the 1970s as rates among women
declined in the rural South and high-rate areas appeared
along the Pacific and Florida coasts. This newly-emerging
pattern resembtes that for female lung cancer, suggesting
the influence of cigarette smoking.

Esopbagus: Rates for men were elevated in urban
centers, especially in the Northeast, although clustering in
this area diminished in the 1970s. Among females, rates
remained high in the urban Northeast and showed some
increases in the Far West and Florida, while the high rates
initially observed in scattered parts of the rural South
became less conspicuous in the 1970s. The geographic
patterns resemble those for oral cancer and suggest the
effects of alcohol consumption, smoking, and possibly
smokeless tobacco on both cancer sites.3 Poor nutrition
may also contribute to the patterns of occurrence, since
dietary deficiencies seem responsible, along with alcohol
inuke, for the much higher rates of this cancer among
blacks. 443

Stomach: The patterns for both males anc females
have featured a cluster of excessive morulity in primarily
rura] counties in the North Central region, which appeared
correlated with the conc of high-risk ethnic
groups from northern Europe.% This cluster has become
less apparent in the 1970s. A similar aggregation in certain
southwestern states seemed telated to the excess risk
among the Hispanic groups in this area. Higher rates have
also persisted in northern urban areas. In the face of
'substantial nationwide reductions in mortality over the
30-year period, rates in both sexes declined less rapidly in
arezs of New England, Appalachia (parts of OH, WV, VA,
KY, TN), Florida, Texas and southern California.
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Large intestine, excluding rectum: In both sexes
there has been a consistent North-South gradient, with
rates being higher in the northern parts of the country,
partly due to the elevated risks of urban populations with
higher socioeconomic levels.#? Clustering has been mast
evident in the Northeast and Midwest. Also, the North-
South differentizl has diminished with time, as more areas
in the South have displayed rising morality rates than in
the North. Despite the lack of a sex differential in the
geographic patterns, there has been a rising national trend
in colon cancer mortality among males accompanied by a
decline in females, most evident in the urban Northeast.
It is interesting that the lower ates in the South have
prevailed even in areas attracting large numbers of retirees
from the North, thus prompting 2 case-control study in
Florida retirement communities.¥ Preliminary data sug-
gest there is no rapid reduction in risk of colorectal
cancet, but the younger the age at migration, the lower _
the risk. It remains to be seen what aspect of the
southern environment or lifestyle may be protective
Another study opportunity was provided by a cluster of
high rates in a rural agricultural are2 of eastern Nebraska.
In a case-control interview study, the elevated risk of
colon cancer was primarily among persons of
Czechoslovakian background, who predominate in the
study area ¥

Rectum: The geographic patiems for rectal- cancer
resemble those for colon cancer, suggesting risk factors in
common. However, the rates are generally higher in males
than females and have declined over time in both sexes,
at least partly due to improvements in survival

Liver, gallbladder, and biliary passages: These
diseases were not separable by ICD code prior to 1958,
so they are presented in combination for the entire time
period. Mortality rates for liver cancer may be markedly
influenced by the potential misclassification of metastatic
disease as primary neoplasms. However, among females
the geographic pattern for this category is consistent with
previously identified high-rate areas of biliary tract cancer
in the North Central region, the Southwest, and
Appalachia. 05! Mexican Americans, who reside primarily
in the Southwest, and residents of Appalachian
communitiesS? have a high incidence of gallstones, the
major risk factor for biliary tract cancer.

Pancreas: In all time periods the amount of
geographic variation was less evident than for most other
tumors. Nevertheless, clusters of high-rate areas were seen
in the urban Northeast and in Lovisiana and the Mississip-
pi delta area. In general, the rates for pancreatic cancer
have been greater in urban areas and highly correlated
with the patterns of lung cancer, especially in males, sug:
gesting the influence of smoking habits on both tumors.5?



In a case-controd study in southern Louisiana, preliminary
results suggest that smoking patterns and dietary habits
may contribute in part 1o the high rates in this area.
Nose, nasal cavities, and sinuses: There is little
evidence of geographic clustering of these rare tumors,
but a correlation study suggested a possible link between
employment in the furniture manufacturing industry and
tisk of nasal cancer¥ A case-control study based on
death certificates revealed an excess risk associated with
woodworking occupations. % Subsequently, a case-control
interview study in Virginia and North Carolina indicated
increased risks of nasal adenocarcinoma among furniture
workers and textile workers, while increases in squamous
cell cancers were related to cigaretie smoking. 558
Laryrix: Among males, excess mortality has persisted
in the Northeast corridor and in urban areas elsewhere in
the country. While rates have declined in the urban
Northeast, a cluster of high rates has emerged in New
England. Rates have also tended to increase in the
Midwest and North Central states, and more generally in
rural areas throughout the country.’® The distribution of
laryngeal cancer has been correlated with lung,
esophageal, and oral cancers in 2 manner consistent with
the action of tobacco andfor alcohol consumption on the
risk of these tumors. Elevated mortality from laryngeal
cancer has been reported in ‘coastal areas where shipyards
operated during World War 11,90 consistent with some
reports implicating an effect of asbestos exposure, but 2
case-control study of laryngeal cancer in coastal Virginia
revealed no excess risk associated with shipbuilding.§t
Among females, there has been a rapid increase in
mortlity throughout the country, with high rates
emerging in the 1970s in the Northeast and in California.
Trachea, bronchus, lung, and pleura: Among males
the mortality rates in the 1950s were high in urban areas
of the North and in cerain seaboard areas of the South,
especially along the southeast Atlantic and Gulf coasts.8?
The geographic pattern appeared consistent with varia-
tions in smoking habits and with occupational exposures,
including shipbuilding and ship repait.® Case-control
interview studies in coastal areas of Georgia,® Virginia, &
and Florida® revealed an elevated risk of lung cancer
associated with shipbuilding, especially during World War
I1. In coastal Virginia a cluster of mesothelioma was iden-
tified and also linked to shipyard exposures to asbestos.t
Case-control studies are under way w clarify reasons for
the high rates along the Gulf Coast, and preliminary
analyses of Louisiana data suggest an excess risk among
the Cajun population, due at least partly to smoking prac-
tices, including the heavy use of hand-rolled cigarettes.%
During the 1970s the elevated moreality declined in the
Northeast and became more pronounced in the South,
both in rural 2nd urban counties.5” A high-rate cluster in
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Louisiana extended inland along the Mississippi River.
Among females the rate of increase rose sharply
throughout the country in the 1970s, with aggregations of
high rates in Florida and along the mid-Atlantic and west
coasts.

Breast: The geographic patterns have remained
relatively stable over time, with most low rates in the
South and high rates concentrated in the Northeast,
especially in urban areas. However, the North-South
differences have diminished, in association with rising
rates in many areas of the South, nowbly in Appalachia.
When the geographic patterns were analyzed by age
group, only postmenopausal women (55 + years) showed
a northern predominance, along with ¢thnic correlations
and positive socioeconomic gradients.$ In contrast, the
rates for premenopausal women (20-44 years) were
distributed almost uniformly across the country and
correlated most closely with county birth rate (fertility)
characteristics.

Cervix uteri: High rates were scattered throughout
the South, with the heaviest concentration in Appalachia,
which correlates with the tendency of this tumor to affect
rural women in the lower socioeconomic classes.#? Rates
in the North remained low except for parts of northern
New England. Although mortality has declined substan-
tially throughout the country, the cates in several *
midwestern states decreased less rapidly, so that in the
1970s a cluster of relatively high rates appeared in these
states as well as in Appalachia.

Corpus and other uterus: Some clustering of rela-
tively high mortality rates has persisted in the mid-Atlantic
and midwestern states. Mortality has declined nationwide,
but less rapidly in the North Central and Far Western
states. Because of favorable survival rates and the potential
misclassification of cervical cancer deaths, the morulity
pattern for this cancer is much less informative than
incidence data. The latter have revealed regional and
temporal variations that correlate with the use of
estrogens prescribed at menopause.©

Ovary: Morulity patterns have shown little change,
with scattered high rates in both urban and rural areas
across the northern part of the country and in some
urban areas along the West Coast. A correlation with the
distribution of breast cancer has been described. 886

Prostats: Although geographic variation is rather
limited, some clustering of high-rate areas persisted in the
northeastern and North Central states, particularly in rural
aress. Rates over time remained generally stable, except
for some clustering of areas with rising rates in Florida
and California. Correlation analyses have suggested that
cthnic factors may influence the distribution of this
cancer.™



Testis: There is little indication of geographic
aggregation for this disease. Despite an upward trend in
incidence rates, mortality from testicular cancer has
dropped precipitously with improvements in therapy and
resultant survival rates.™”

Kidney: In both sexes the rates for renal cancer have
remained elevated in the North Central region, with some
high-rate areas also in the Northeast. The North-South
differential declined over time as rates in the South rose
more rapidly than in the North, especially in males. In
Minnesot a case<control study of renal adenocarcinoma
(which comprises about 85% of renal cancer) revealed
elevated risks associated with German and Scandinavian
ancestry, which partially explain the geographic
variation.™

Bladder: Among males, bladder cancer rates were
consistently high in urban and rural areas of the North-
east, in urban areas around the Great Lakes, and in
southern Louisiana. Over time the high-rate areas became
more pronounced in the midwestern states, including
Ohio and Michigan, and time-trend analysis showed that
rising rates were most evident throughout the central por-
tion of the country. Among females, high-rate arezs were
seen mainly in upstate New York and New England.
Occupational factors appeared to contribute to the
geographic distribution among males, with rates par-
ticularly high in counties where the chemical industry is
heavily concentrated.™ A series of case-control studies in
high-rate areas revealed excess risks among workers
exposed to various chemicals,™ and among truck drivers
and others occupationally exposed to motor exhausts.™™®
In northern New England, preliminary analysis of a case-
control study suggests that work in the leather and textile
industries may contribute to the high rates for both sexes
in that area.

_ Melanoma of the skin: A striking southern
predominance has persisted over time, with both sexes
showing high rates mainly in the Southeast and South
Central regions. This pattern is consistent with the effects
of sunlight exposure on the distribution of metanoma.™
The morulity rates have risen in all parts of the country,
although recently a high-rate area has emerged among
males in California.

Otber skin: Elevated mortlity in the southern part of
the country was seen also for nonmelanoma skin cancers,
despite the low case-faality rates for these common
neoplasms. In incidence surveys across the country, the
distribution of basal-cell and squamous-cell carcinomas of
the skin was found to be strongly affected by the amount
of exposure 10 sunlight.®® In contrast 1o melanoma, the
death rates for other skin cancers have declined over
time, especially in the South.

Brain and other parts of the nervous system: No
clear pattern was seen except for scattered high rates for
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both sexes in the Southeast. It is often difficult to
distinguish between primary and metastatic neoplasms of
the brain based on death certificate dama, so that the
geographic distribution may be influenced by variations
in the quality of medical care and reporting systems.

Thyrotd gland: In both sexes some high-rate areas
were seen in the Rocky Mounuin and North Central
states. Overall there has been a sieady decline in mortality
rates.

Bone: High rates were seen in the Southeast among
females, but geographic and temporal variations in
morulity are confounded by fluctuations in diagnosis and
reporting, especially the inclusion of metstatic tumors to
bone®

Connective tissue: Rates for both sexes have risen
over time, with scatiered high rates appearing in various
parts of the country. In the 19705 a high-rate area
emerged among women residing in West Virginia and
Maryland. A rising incidence of this cancer has also been
reported, but diagnostic and reporting practices probably
contribute to the temporal and spatial variations of this
tumor.®

Hodghkin's disease: Mortality rates have declined over
time for both sexes, associated with improvements in
survival, but relatively high rates have persisted in the
urban Northeast and in several North Central states. The
North-South gradient in Hodgkin's disease applics mainly
to young adults and has been invoked along with other
risk factors o suggest a possible viral etiology.$

Non-Hodgkin's lympboma: In both sexes the rates
were generally low in the South and elevated in the
metropolitan centers and in coastal areas of California.
This pattern seems related in part o socioeconomic
status, which has shown a positive correlation with this
neoplasm.# Over time there has been an upward trend in
morality rates, most notably in central and eastern areas
of the U.S. Some clustering has appeared in North Central
and midwestern states, especially in females. In a survey
of death certificates from Wisconsin, an excess risk was
detected among farmers.®5 In Kansas, where high rates
emerged in the 1970s, a case-control interview study sug-
gested a risk associated with the farm use of herbicides,
especially phenoxyacetic acids.%

Multiple myeloma: High rates were scattered
throughout the North Central region, especially among
males. An upward trend in moruality has been seen in all
parts of the country, especially in people over 55 vears of
age, and elevated rates have been associated with
urbanization and high socioeconomic level ¥ In a survey
of death certificates in Wisconsin, an excess risk was
associated with various agricultural occupations that
deserve further study.®

Leukemia: In both sexes, scattered high rates for
adult leukemia were seen throughout the central part of
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the country from Texas to Minnesota. The slight upward is 3 common practice.® Casecontrol surveys of death cer-
trend in morulity among males is also most pronounced tificates in Nebraska and Wisconsin have revealed associa-
in the central portion of the country. Many high-rate tions with various agricultural activities, thus providing
counties have been located in agricultural communities, leads for further investigation, %092

nquably cotion-producing areas where heavy pesticide use
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Discussion

This publication has updated the earlier cancer atlas for
the white population with 10 additional years of data and
has evaluated the trends in cancer morality by SEA over
2 30-year period. Death registration has been required in
all US. states for over 50 years. Although several earlier
NCI monographs have examined the geographic distribu-
tion and time trends of cancer moruality, 4393 only recent-
ly have sufficient data become available to examine these
patterns simultaneously in finer deil than at the state
level. It is important to recognize that some geographic
and temporal variations provide signals to environmental
hazards, but for many tumors fluctuations in diagnosis,
reporting, survival time, and migration may complicate
the picture.

The morulity pateerns for most cancers showed 2
tendency toward geographic uniformity over time, as
reported previously using data by state or broadly-
grouped counties39 However, in our study the varia-
tion in rates was quantified in 2 way that allows for
comparison of cancer sites. In particular, the decreasing
rate variability for most cancers suggests a lessening of
regional differences in the prevalence of risk factors.
Increasing standardization of diagnostic measures and
death certification practices may contribute to the
reduction in geographic differences, as may the wider
distribution of improved medical care and more favorable
survival rates.

The maps presented here can be used 0 identify not
only areas where cancer mortality rates are elevated, but
also areas where rates are changing more rapidly than the
average US. experience. The maps are reproduced in half-
page size on facing pages to facilitate 2 comparison of
geographic patterns over time. The 1970s map may be
viewed 25 2 supplement to the previous atlas, as the

statistical methods are unchanged except for the use of
SEAs for all cancer sites and the exclusion of cancer
deaths of persons under 20 years of age. With the addi-
tion of the time trend maps, it is now possible to identify
areas which deserve further study by virtue of recent
elevations and/or upward trends in cancer mortality.

The reader must be mindful of the limitations of this
morulity survey as an epidemiologic pointer to studies of
cancer etiology. In some instances the assumption of con-
sistency of diagnosis, treatment, and death centification
practices across place and time may not be justified. For
example, 2 comparison of cause of death as coded on the
death certificate with the diagnosis on hospital records
showed 2 high rate of discrepancies for colon and rectal
cancer. As noted earlier, changes in ICD coding practices
over time for several cancer sites also may have affected
the patterns noted. Finally, certain cancers may-be over-
reported on death certificates, as suggested by the finding
in some cancer registry areas that liver cancer mortality
rates were higher than the corresponding incidence
rates.5” Patterns of morulity for cancers that are rapidly
progressive and almost certainly fatal should most accu-
rately reflect patterns of incidence, while the maps are
less informative for cancers with favorable survival rates
or problems in classification.

Despite the limitations of these dan, it is clear from
previous experience that the maps for certzin malig-
nancies have prompted analytic investigations that
clarified associations with environmenal and lifestyle
hazards. The updated sutic and dynamic maps presented
in this volume should enhance the utility of cancer ’
mapping as an epidemiologic resource that facilitates
research into the origins and eventual control of cancer.
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