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Abstract

This paper provides evidence that innovative multinational firms attempt to use

health and safety regulations to eliminate cheaper, generic products from the market,

even when they themselves produce those products. Stricter regulations on generic

products allow innovative firms to shift the market to patented alternatives, while

forcing out generic producers. Firms are able to win these preferential regulatory out-

comes at both national and international levels of governance, despite the fact that

these outcomes create trade barriers and tilt the playing field in favor of companies

in developed nations. I utilize original data from the agrochemical sector to provide

evidence that agrochemical producers request stricter standards on their own products

when it could help them sell patented alternatives. Using longitudinal data on actual

regulatory change at both national and international levels I find that regulatory insti-

tutions seemingly set up to protect consumers also appear to have helped innovative

firms win preferential outcomes. My findings highlight some of the unexplored ways in

which companies erect international barriers to competition.
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I. INTRODUCTION

In 1998, Novartis, one of the largest multinational chemical producers at the time, con-

vinced United States regulators to declare its blockbuster pesticide, metalaxyl, unsafe for use.

In 2005, GlaxoSmithKline, the sixth largest global pharmaceutical company in the world,

lobbied the U.S. Food and Drug Agency to ban a type of chlorofluorocarbon (CFC)-omitting

inhaler that it itself, produced at the time. And in 2013, Endo International, a multinational

pharmaceutical company, requested that regulators halt all sales of its painkiller, OPANA

ER, due to the potential for abuse. Why would large, successful companies request regula-

tions ruling their own products unfit for sale? Are these three cases simply anomalies?

This paper will provide evidence that innovative multinational companies frequently have

a financial incentive to use health, safety, and environmental regulations to force their own

products off the market. Doing so allows companies that produce both patented and generic

versions of a product to shift the market to the patented version, while forcing out generic

producers. Firms’ ability to get the regulations they seek need not depend on their local

political influence but instead may result from their monopoly over information about the

risks of their products. Because of this, the regulatory “capture” that occurs does not re-

quire a complicit regulator, nor is it limited by national boundaries; firms can be just as

successful at winning preferential regulations from international standard-setters as they are

from national regulators.

The regulatory outcomes that large, innovative firms acquire stifle competition from

smaller, generic producers, whose products become subject to stricter standards or outright

bans. Unlike the large, innovative companies, which cluster in developed countries, the

smaller generic companies are more dispersed and far more likely to have a presence in the

developing world, where regulations are more lax and frequently less enforced. These smaller

companies are then unable to sell their products in some of the most lucrative international

markets, due to the stringent regulatory rules that are enforced there.

In addition to creating international barriers to competition and trade for producers, the

regulatory dynamics uncovered here also have major downstream effects for consumers, at

times significantly raising their prices. In the case studied, the case of agrochemicals, those

downstream effects have forced farmers to trade up to more expensive pesticides, with direct
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implications for the $1.7 trillion in annual global agricultural exports, which comprise ap-

proximately 10% of total merchandise exports (WTO 2015). This has led to accusations of

unscientific and unnecessary trade barriers that unfairly disadvantage farmers in developing

countries who cannot afford the price increase. Yet although there may be some truth to

complaints that the regulatory dynamics have disadvantaged farmers in developing coun-

tries,1 and although regulations that discriminate against other nations without a scientific

basis are technically illegal under World Trade Organization (WTO) law,2 the findings show

that the WTO not only has not resolved the problem, but WTO-sanctioned standards have

actually contributed to it.

The hypothesis that firms can use regulations in order to raise profits and suppress com-

petition is not new. The idea plays a central role in much of the political science literature

on regulatory outcomes3 and has also been a major theme in the economics literature on

regulatory capture.4 It is also not new to propose that firms may attempt to use regulation

as a means of reducing not just domestic competition, but international competition as well

(Barrett 1992; Ederington and Minier 2003; Gulotty 2014). This paper will, however, offer

several original contributions.

First, the paper will establish that under certain conditions, firms have an incentive to

seek regulations that not only undermine their competitors but that also remove their own

products from the market. Previous research has largely failed to explore these dynamics.

Second, the paper will provide evidence that even when scientific studies themselves are

1Previous work has shown that developing countries may find it more difficult to adjust to strict regulatory
requirements (Maskus, Wilson, and Otsuki 2000; Otsuki, Wilson, Sewadeh 2001).

2This is meant to prevent nations from using regulations like tariffs while allowing countries to make
decisions based on the public interest. It is well understood that non-tariff barriers can act as substitutes
(Marvel and Ray 1983; Bhagwati 1988; Mansfield and Busch 1995) or complements (Ray 1981) to taxes
at the border, while also offering a veneer of openness for nations that want it (Kono 2006). At the same
time, differences in national regulations could be the legitimate result of differences in national necessity,
stemming from differing risk preferences (Vogel 1995; 1998; Meins 2003; Bernauer and Meins 2003; Bernauer
and Caduff 2004), divergent legal histories (La Porta et. al 1997; 1998; 2008; Djankov et al. 2002; Botero
et al. 2004), and disparate liability laws (Shavell 1984; Viscusi 1989; Rose-Ackerman 1991; Glaeser and
Shleifer 2003). WTO law is meant to allow differences stemming from these latter factors, while preventing
intentional discrimination.

3There is, for example, a substantial literature on the “revolving door” phenomenon (Bernstein 1955;
Gormley 1979; Cohen 1986), as well as a focus on the superior ability of business groups to organize for their
preferred outcomes (Olson 1965).

4The capture literature is usually traced to Stigler (1971). A substantial body of work expands upon
Stigler’s original model. Posner (1974); Peltzman (1976); and Laffont and Tirole (1993) are some of the
most notable works. For a more comprehensive summary, see Dal Bó (2006).
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not manipulated, science can be used strategically, in unanticipated ways. A frequent con-

sumer boogeyman is that firms pay scientists to produce biased, untruthful studies, leading

to regulations that fail to provide adequate protections. Such concerns are bolstered by

stories about soda companies funding research concluding that sugar is not linked to obesity

(O’Connor 2016) or tobacco companies showing that cigarettes do not cause lung cancer.

While such overt malfeasance may occur, this paper will highlight the more subtle methods

through which producers use science to their advantage: by strategically withholding infor-

mation not to keep products on the market, but to take them off of it.

Finally, the paper will explore the institutional conditions under which firms are able to

use safety regulations to their advantage. It will draw the counterintuitive conclusion that

institutions created to make regulations responsive to science can also make regulations re-

sponsive to firms, and it will make the case that this conclusion applies to both domestic and

international bodies. The finding that international regulators are no better able to prevent

firms from manipulating outcomes than domestic regulators goes against previous studies,

which have found that firms’ ability to acquire favorable outcomes often diminishes at the

international level (Petersmann 1995; Bhagwati 2004; Wolf 2004; Mattli and Woods 2009).

It also highlights a weakness in the ability of existing international institutions to prevent

regulation that is biased in favor of firms in a small number of wealthy countries, even when

this makes it harder for firms in most other countries to compete.

The next section lays out a theory of the incentives and constraints facing regulators

and firms’, and it explores the conditions under which public-interest based regulatory in-

stitutions might still be manipulated by companies. Section III takes up the history of

pesticide regulation in the United States in order to evaluate the intent of the regulatory

institutions and the distribution of interests among the different players. A review of the

legislative history suggests that while the design of the regulatory institutions primarily re-

flected a desire to avoid consumer harm and future scandals, the large innovative chemical

producers saw the potential for gain, and they viewed the new system far more favorably

than farmers or the smaller, generic chemical producers. The next three sections introduce

several original datasets that make it possible to test the theory. Section IV uses data on

the lobbying behavior of firms and finds that innovative firms have actively lobbied against
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older, out-of-patent products. Given firms’ revealed preferences, the paper develops ex-

pectations about how regulatory outcomes are likely to play out if regulations reflect the

anti-competitive behavior of firms, as opposed to the public interest. Section V tests the

expectations using data on actual changes to domestic regulations over time. Section VI

uses an original dataset on the Codex Alimentarius, the international food safety standard

produced by the Codex Alimentarius Commission, in order to evaluate whether international

standard-setters are more likely to regulate in the public interest than domestic regulators.

The paper finds evidence that the Commission has been no better able to resist the influence

of firms. The final section discusses the broader implications and avenues for future research.

II. PAVING THE ROAD WITH GOOD INTENTIONS

What Do Regulators Want?

Taken as a whole, the academic literature on regulation makes it seem as though regu-

lators are an untrustworthy group. An enormous amount of research has emphasized how

the “revolving door” (Bernstein 1955; Gormley 1979; Cohen 1986) and the political power

of firms (Olson 1965; Stigler 1971; Posner 1974; Peltzman 1976) allow firms to capture regu-

lators in order to win preferential policy outcomes. Although some scholars have shown that

biased regulation need not be produced by biased regulators (e.g. Carpenter 2004; Olson

1997), the assumption of a socially minded regulator is rare in political science. However,

there are good reasons for regulators to want to regulate well, or at least, well enough. This

is particularly true in the realm of product safety regulation.

James Q. Wilson argued that for a bureaucrat, “Autonomy is valued at least as much as

resources” (Wilson 1989, p. 195). One of the primary means by which regulators lose their

autonomy is through scandal. Scandal leads to investigations, forced procedural changes,

and oversight. This means that regulators do have a strong incentive to ensure that whatever

regulations are in place, they are adequate to prevent a scandal. At the same time, as Wilson

suggests, regulators also value resources. So regulators presumably will seek a system that

maximizes their resources while reducing the possibility of a scandal.
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What do Firms Want?

Firms seek to maximize profits. This can be achieved by reducing competition, while

retaining demand. One way competition can be reduced is by creating barriers to entry.

Another method is to push your competition through the exit. There are many ways to

force out a competitor. For example, a firm might launch a campaign claiming that its

competitor is engaging in dangerous or immoral practices. Or a large firm might undercut

a smaller competitor’s price until that competitor is forced to close down. An alternative

method that has not previously received attention in the academic literature is that firms

can use regulation to force their competitors’ products off of the market, along with their

own.

At first this might seem to defeat the second requirement of maximizing profit: retaining

demand. However, so long as a firm produces more than one type of product, and so long

as those products act as substitutes for one another, it may be possible to push one product

off the market, while shifting sales to the alternative. If this alternative also can be sold at

a higher profit margin, then a producer may be willing to sacrifice one product for another.

This leads to the following hypothesis:

H1 – Seeking Stricter Standards:

Producers will seek stricter regulations on their own product if it allows them to sell more of

another product with a higher profit margin.

There are two major factors constraining this behavior. First, barring a highly complicit

regulator, firms may have difficulty acquiring stricter regulations on specific products if the

data does not back the need for such regulations. Second, to the extent that acquiring

stricter regulation entails an admission of harm, firms may decide that the reputational cost

of revealing a previously undisclosed risk outweighs any benefit.

As evidenced by the drop in sales of Takata airbag parts following the revelation that

Takata airbags could spontaneously explode (Tabuchi and Ivory 2015), if a company de-

velops a reputation for producing faulty or dangerous products, its sales will suffer. This

leads to the conclusion that under most conditions, even if firms would like stricter stan-
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dards on some of their products, they may not be incentivized to reveal the information that

would lead to stricter standards. Firms’ interest in their reputation also leads to a broader

point, which is that firms generally have some incentive to withhold damaging information

about their products, particularly if they expect that they are unlikely to be caught doing so.

Public Interest Regulation

Given the incentives of firms to withhold information, and given the incentives of reg-

ulators to regulate well enough to avoid a scandal, while also maximizing resources, what

would public interest regulation look like? The answer must be a system in which firms are

incentivized to reveal updated information about their products as that information becomes

available5 and in which regulators’ natural incentives to avoid a scandal are not undermined

by their other incentive to retain resources.

One way to incentivize firms to reveal information that they may not wish to reveal is

to mandate that failure to reveal the required information leads to the assumption of harm

and to stricter standards automatically. This means that even if firms refuse to reveal the

damaging information, regulations will respond as if they had, by becoming stricter. In this

way, regulations are able to update even in the presence of informational asymmetries.

Such a system also addresses the interests of regulators. On the one hand, it helps regu-

lators avoid a scandal that might result from leaving dangerous products on the market too

long. On the other, because firms are the ones tasked with providing the data, regulators

are not being forced to expend scarce resources collecting information. So long as adequate

resources are earmarked for regulators to review the data firms provide, this system ought

to be a viable solution to the problem of trying to regulate in the public interest, given

the incentives of the key players. It is a system in which science and new information are

incorporated on a regular basis, because firms have an incentive to provide regulators with

updated studies and data, as the failure to do so would lead automatically to stricter stan-

dards.

5Theoretically, regulators could take on the burden of investigating existing products and producing the
information that firms might otherwise produce. However, the amount of resources necessary to test all
existing products for undiscovered risks is massive, and the unwillingness of taxpayers to pay for information
that firms can produce themselves (and may be producing anyway), makes a system in which regulators
produce this information impractical.
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A system in which producers must provide data on existing products or accept stricter

regulations and/or bans if they fail to do so is often referred to as “precautionary,” in

the sense that officials proceed under the assumption of harm unless given evidence to the

contrary. This type of system has become increasingly popular for regulating potentially

dangerous products across Europe and Asia and can also be found in the United States

and Canada. However just because institutions might be set up to protect the public does

not mean that these institutions are immune from corporate influence. Rather, a system

in which regulations become stricter unless firms provide data proving they should remain

as they were renders firms’ strategy of using regulations to undermine their less profitable

products far more appealing.

Opportunity for Influence

Under an alternative system, firms can only receive stricter standards on existing prod-

ucts if they either convince regulators that those products really are unsafe or if they find

a complicit regulator. However, under a system in which the failure to provide information

proving safety leads to the assumption of harm, innovative firms need only withhold data

on less profitable products for which they produce a more profitable substitute, and they

will receive stricter standards automatically. At the same time, other producers of the less

profitable product may have a difficult time compensating. This is because the cost of de-

veloping the data necessary to retain favorable regulations may exceed the expected profits

on the low margin good. In addition, producers of the low margin good may have difficulty

creating a consortium willing to share the cost of data production, due to collective action

problems. This leads to my second hypothesis:

H2 – Profits Dictate Regulatory Levels:

In a regulatory system in which failure by firms to provide updated information leads auto-

matically to stricter regulations, regulations will become stricter on less profitable products

over time.

One effect of the predicted regulatory dynamics will be to increase costs for consumers,
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as they are forced to gravitate towards more expensive substitutes. Another effect is that

regulations will be biased towards innovative companies, which tend to be comprised of the

large, multinational firms. On an international level, this means that regulations will effec-

tively be biased against producers in developing countries, which tend to produce generic

versions of innovators’ products.

An important corollary of Hypothesis 2 is that even though large multinational producers

in developed countries benefit at the expense of more globally dispersed and less innovative

firms, international institutions under the WTO are not well-suited to prevent this. The

reason is that the regulations are not, technically, discriminatory against a specific country,

and they are also not technically unscientific. After all, a primary justification for a regula-

tory system that allows firms to eliminate cheaper products through regulation is that the

system will be more responsive to science. The problem is that science is determined by

information revealed by firms. Moreover, because firms’ influence depends not on political

power but on informational asymmetries and the regulatory structures in place to address

those asymmetries, so long as international regulatory bodies arrive at the same solution

to actors’ incentives as domestic governments, then their regulations should also follow the

same patterns. This means that international regulations ought to behave in the same man-

ner as domestic regulations, given similar institutional rules.

The prediction that international standard-setters will be equally susceptible to company

influence as will be domestic standard-setters is surprising and goes against the prevailing

wisdom, which holds that international standard-setters are more insulated from politics and

hence better able to produce unbiased regulations (Petersmann 1995; Bhagwati 2004; Wolf

2004; Mattli and Woods 2009). Moreover, we might expect that poorer countries would

oppose the resulting regulatory outcomes, both because of the harm to their firms and be-

cause of the increased cost to consumers. Considering that developing countries make up a

majority in the WTO, one might have assumed that developing countries’ opposition to the

imposition of stricter standards on cheaper products would be influential.

Testing the Hypotheses

The remainder of the paper tests the hypotheses using the case of agrochemical regula-
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tions. The next section briefly sketches the legislative history of agrochemical regulations in

the United States. In doing so, it provides suggestive evidence that the innovative, multina-

tional firms saw the opportunity to benefit from a proposed change to the regulatory system

that was subsequently put in place. The qualitative, historical evidence will then be supple-

mented with a more rigorous evaluation of the subsequent lobbying behavior of firms. Both

the qualitative and quantitative evidence provide support for the hypothesis that innovative

companies have an incentive to use regulations to eliminate cheaper generic products from

the market and thereby push out their competition. The findings in subsequent sections will

suggest that when regulatory institutions require firms to defend existing regulations over

time, using updated data, these incentives translate into preferential regulatory outcomes at

both the domestic and international levels.

III. THE REGULATION OF PESTICIDES IN THE U.S.

Early regulation of pesticides in the United States aimed to achieve two distinct goals:

protect farmers from ineffective or dangerous products and protect consumers from ingesting

harmful levels of pesticide residues in their food. Prior to the establishment of the Environ-

mental Protection Agency (EPA), these two tasks were divided between the Food and Drug

Administration and the Department of Agriculture. However, in 1970 they were reassigned

to the newly created EPA.

Up until 1972, producers of agricultural chemicals were only required to demonstrate

safety upon initial registration. However, if subsequent evidence emerged that a pesticide

posed a hazard to humans or the environment, “the burden of proof was paradoxically shifted

to the federal government. Each use, in essence, was considered innocent until proven guilty,

and manufacturers could produce and sell the product until all appeals were exhausted,

which could take years” (Bosso 1987, p. 156).

By the early 1970s, following the publication of Silent Spring in 1962 and extensive public

debates about the dangers of agrochemicals, there began to be a rising awareness that the

system in place was unable to respond to scientific developments. During a 1971 Congres-

sional hearing contemplating revisions to existing laws, Dr. Albert Kolbye, Deputy Director

of the Bureau of Foods in the FDA testified:
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It has become apparent. . . that some of the decisions made on pesticides in the

past deserve our attention. Pesticide residues formerly undertaken because of

technological limitations have become evident in some cases as our analytical

tools have improved. More important, in recent years, we have begun to ask

some questions about certain biological effects of pesticides when humans are

exposed...In brief, we need to arm ourselves with better scientific understanding

of the biological effects of pesticides (Federal Pesticide Control Act of 1971, p.

94).

The proposed solution was something known as “re-registration,” which came about in 1972

under the Federal Environmental Pest Control Act. Through this process, producers of ex-

isting products would be required to submit updated data on their pesticides, proving that

they were safe by modern standards. In theory, this meant that pesticide companies took

on the burden of providing adequate information to prove that old chemicals were safe. In

practice, the lack of funds allocated to the effort meant that little had changed in terms of

actual burden shifting. Testimony by Senator Richard Lugar during a 1987 Senate hearing

revealed that, “Despite two mandates by Congress in 1972 and again in 1978 to review and

re-register some 600 active ingredients, the EPA has re-registered less than one percent of

these products” (FIFRA Hearings, p. 5). The result was a “ ‘double standard’ among old

and new products: older products, registered by the USDA under the 1947 law, remained

on the market pending re-registration (which lay dead in the water), while newer products

encountered more formidable regulatory barriers” (Bosso 1987, p. 200).

In 1988, following years of impasse and numerous Congressional hearings, the U.S. gov-

ernment passed an amendment to regulatory law requiring that pesticide companies not only

provide the data for re-evaluations but that they also help pay the costs of regulatory review.

The hope was that this could speed up the re-registration process, making the theoretical

requirement of re-evaluation a reality.

On its face, the 1988 legislation appears to be a clear victory for the conscientious con-

sumer, a triumph of safety and environmentalism over the private interests of firms. However,

a closer look at the testimonies and coalitions that emerged in the law’s lead up suggest that

not all firms were losers.
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The Baptist-Bootlegger Coalition

During the debates preceding the 1988 legislation requiring pesticide producers to help

finance the re-registration process so as to ensure that it took place in a timely fashion,

environmentalists, consumer groups, and government officials discovered an unlikely ally:

the large agrochemical companies. In the summer of 1985, with legislation interminably

stalled, the biggest chemical companies sat down with the environmentalists and drafted a

proposal. Notably absent from those meetings were the smaller companies (Bosso 1987), a

representative of which noted during 1986 Congressional hearings, “I think it would be fair to

say that we were not included [in the negotiations]. . . we were not invited” (Reauthorization

of FIFRA, p. 52).

What the large companies and the environmentalists came up with was a way of speeding

up the re-registration process by leveling a fee of $150,000 on companies for each requested re-

registration. Carl J. Kensil, chairman of the board of directors for the National Agricultural

Chemicals Association, a trade organization for the largest pesticide producers, and an

employee of CIBA-GEIGY Corp, one of the largest pesticide companies at the time, had

this to say about the proposal:

We have heard and been sensitive to repeated criticism about the integrity of

data supporting a few old commodity chemicals whose entry into the market-

place predated modern detection technology by several decades. And we have

debated among ourselves how we might respond to publicly expressed concerns

about. . . EPA’s missed re-registration deadlines. . . We have come to recognize

that we are more than simply manufacturers and formulators of products that

enable our farmer customers to control ever-present insects, weeds, and diseases.

We have come to accept that in one way or another, every American is exposed

to the products of our industry. That recognition puts an even greater burden

on us. What we are here to say to you, Mr. Chairman and members of the

subcommittee, is that we accept our responsibilities to our customers and to the

public at large. Their concerns are really identical (Reauthorization of FIFRA,

p. 9).
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During the same Hearing, Jack Early, the president of the National Agricultural Chemicals

Association said the following:

The situation we are really trying to address. . . is a situation that I think is

unacceptable to our industry, to the public, and to the American farmer, and

that is, EPA is projecting that the re-registration process will take up to 20

years. Now, that is too long, we believe, to leave products in the marketplace

(Reauthorization of FIFRA, p. 13).

The concern expressed by the larger companies for the public well-being seems to have not

been entirely shared by their smaller counterparts or some of the farmers who relied on

pesticide products. Ralph Engel, the president of Chemical Specialties Manufacturers As-

sociation, which represented smaller companies, most of which did not develop their own

products but instead produced generic versions of existing chemicals stated, “Any system of

re-registration fees would in effect result in taxing a few to finance a regulatory system that

benefits many. When Government services benefit society generally, the expense of these

services should be borne by the taxpayer at large and not by individuals” (Reauthorization

of FIFRA, p. 43). Meanwhile, a representative from the National Cotton Council observed,

“Our biggest immediate concern is the threatened loss of many of our older pesticide prod-

ucts. Patents on many of them have expired, and many of the registrants are small businesses

which are understandably reluctant to spend large amounts of money to save those products

without having any market protection” (Reauthorization of FIFRA, p. 60).

All of this raises the following questions: why would companies that had seemingly ben-

efitted from the ability to sell old products indefinitely volunteer to pay a substantial fee to

help the EPA speed up the process of potentially removing those products from the mar-

ket? And why was there a divergence between the large companies on the one hand and

the farmers and smaller, less innovative companies on the other? What makes the sudden

generosity of the bigger producers particularly puzzling is the attempt to avoid fees for initial

registration, while being willing to pay for the subsequent re-evaluation of older products.

As Early, the president of the National Agricultural Chemicals Association, notes, “Now

I differentiate between registration and re-registration. I think re-registration money is an
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appropriate thing to do to get the old products registered in an appropriate and up to new

science and technology [way]. We do not believe that this should translate to a registration

fee, which we believe is still in the public’s interest, the consumer’s interest, and the farmer’s

interest” (Reauthorization of FIFRA, p. 11).

The willingness of the large innovative companies to volunteer a $150,000 re-registration

fee that could help remove old products from the market, and the concomitant unwillingness

to pay for initial registration, struck at least some participants at the Hearings as odd. Rep-

resentative Leon E. Panetta, Democrat of California, had this to say, “You are beginning to

talk like us in Congress. I have a feeling, if I know most business managers, 150 grand is

still 150 grand. It is going to have some impact in terms of what you know is marketable

on a broader scale than on a specialty level basis. I just think that is just good business,

frankly” (Reauthorization of FIFRA, p. 17).

What Panetta failed to see was that a $150,000 fee for re-registration was actually very

good business for the larger companies. This was true for two reasons. First, it seems

likely that the larger companies knew that a fee that might be negligible for them could be

enough to push smaller companies off of the market. In that sense, the companies’ eagerness

to succumb to more onerous regulations follows the classic Stigler (1971) model, since the

regulations would act as a barrier to entry. However, Early’s differentiation between regis-

tration and re-registration, combined with the concern of the cotton producers, suggests a

second motivation: by accelerating and also increasing the cost of re-registration, the large

innovative companies could push generic products off the market, thereby making room for

their own patented alternatives. This accords with the theory, which suggested first that

innovative companies would seek stricter regulations on their own products if it helped them

sell other products for a greater profit and second that firms should be successful at such a

strategy under a system in which the absence of updated information on existing products

led to the assumption of harm. The next section provides a more rigorous test of innovative

firms’ motivations by evaluating their subsequent lobbying behavior.
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IV. OUT WITH THE OLD

Data

Under U.S. law, interested parties may petition for changes to federal regulatory rules.

Certain agencies, including the EPA, then make these petitions publicly available in the

Federal Register and, more recently, through the website, regulations.gov. These peti-

tions provide the opportunity to see which standards producers actually request and to then

compare producer preferences with the preferences of other relevant parties. I collected all

petitions submitted to the EPA between 1999 and 2015 requesting changes to existing pes-

ticide tolerance levels. As mentioned previously, a tolerance level represents the maximum

amount of pesticide residue that is permitted to remain on an agricultural commodity at the

point of market entry. These are set on a commodity-pesticide basis in units of parts-per-

million, meaning that each authorized pesticide could have more than one hundred individual

numerical tolerance levels associated with it. These tolerances are one of the primary means

through which the use of pesticides is regulated, and they have direct implications for the

amount and ways in which farmers can apply pesticides. As a result, changes to tolerance

levels can alter the appeal to farmers of using one pesticide over another.

Because there is a significant fee that must be paid in order to submit a petition, and

because data must be provided in support of the request, nearly all pesticide tolerance peti-

tions come from one of two types of petitioners: registrant(s) (i.e. chemical companies that

produce the pesticide in question and, in this case, are almost always innovative multina-

tionals) or the Interregional Research Project No. 4 (IR-4), which is a non-profit group that

lobbies on behalf of American specialty crop farmers.6

In total, the sample contained over 200 individual petitions. These petitions, in turn,

contained nearly 900 specific tolerance amendment requests. An example of one of these

petitions is included in Figure 1. For each petition the Federal Register lists the identity of

the petitioner and the new tolerance the petitioner is requesting.7

6Specialty or “minor use” crops are those for which the overall U.S. acreage is less than 300,000 acres
or for which the government “determines that . . . the use does not provide sufficient economic incentive”
for agrochemical companies to support the pesticide financially (7 USC §§136(ll)). Notably, IR-4 is the sole
party that is exempt from having to pay a petition fee, an accommodation that is meant to facilitate the
ability of specialty farmers to have their interests represented.

7In some cases the Federal Register lists the old tolerance, whereas in other cases it does not. When
the old tolerance was omitted, I was able to cross-reference the Code of Federal Regulations (where all U.S.
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Figure 1: Pesticide Tolerance Petition

After collecting all tolerance amendment requests during the relevant time period, the

sample was divided into two categories. The first category included all petitions submitted

by innovative chemical companies,8 a total of 622 specific tolerance requests. The second

category contained all petitions submitted by the specialty crop group, IR-4, a total of 253

specific tolerance requests. Unlike chemical companies, specialty farmers should have no

direct incentive to petition against older, cheaper pesticides. If they did, and if this mirrored

the behavior of agrochemical producers, we might question whether a different mechanism

than the one proposed was driving the result. Therefore, the farmer petitions act as a com-

parison group.

As for the petitions submitted by the pesticide companies, in an ideal world we would

want to know both whether the petitioner had substantial competition from generic produc-

ers (which would affect the possible profit margin) and whether the petitioner produced a

patented substitute for the product in question. Unfortunately, determining the existence of

a substitute is nearly impossible without extensive knowledge of farmer preferences and the

chemical properties of each pesticide. In addition the actual existence of generic competi-

tion may not be the best proxy for profit margins. On the one hand, a lack of competition

could indicate an unpopular product. On the other, it could indicate a particularly lucrative

product, given that firms with a blockbuster chemical can engage in numerous strategies to

to delay or minimize the market entry of competitors. These methods include filing updated

regulatory rules are recorded annually) in order to determine what the tolerance had been at the time that
the petition was submitted.

8Of the 629 tolerance change requests by companies, there were only seven cases in which the petitioner
was not or could not be confirmed to be a developer of innovative products. In other words, the vast majority
of company petitions came from large companies with their own product lines.

15



patents on chemical mixtures, acquiring data protection extensions through legal loopholes,

or engaging in clever marketing that could make generics less relevant. The level of effort

dedicated to these strategies is likely to be strongly correlated with a pesticide’s effectiveness

and hence potential profitability. This means that the existence of competition is endogenous

to a pesticide’s utility and profitability.

Therefore, rather than use actual competition, the number of years that a pesticide had

been registered in the U.S. at the time of the petition serves as a proxy for a producer’s

financial interest in the product.9 Year of registration represents the first time that a chem-

ical was legally allowed to be used or sold as a pesticide in the United States. As soon

as a pesticide is first registered, a legal clock starts, during which the developer is granted

exclusive use and data protection rights by the government. Companies have various ways

of slowing the clock, but they cannot stop it indefinitely. Years since initial registration is

a useful proxy for the presence of substitutes, since the longer a product is on the market,

the more likely that a substitute has been developed. Moreover, because substitutes are

often mixtures or variations of the original product, it is extremely common for a company

to use the exclusive data use period on one product to develop an updated version before

anyone else has the opportunity. For these reasons, the longer a pesticide has been on the

market, the more likely that it no longer enjoys exclusivity protections and the more likely

that similar products that might act as substitutes and do enjoy market exclusivity have

been developed.

An obvious problem with using pesticide age as the independent variable is that it could

be correlated with other pesticide characteristics, such as toxicity, carcinogenicity, or ef-

fectiveness. Throughout the analysis, various efforts have been made to control for this.

Although it is not feasible to rule out entirely the possibility that older pesticides are less

desirable for reasons independent from their profit margins, the weight of the quantitative

and qualitative evidence suggest that this is not what drives the results.

9An alternative proxy could have been the number of years that had passed since the initial patent
filing for the active ingredient of the pesticide. However, this is arguably no better of a proxy than initial
registration, and it presents far greater complications in terms of correctly identifying which patent date
ought to be used. Moreover, because patent status does not account for the fact that market exclusivity can
actually extend beyond patent expiration and may erode slowly over time, a simple, dichotomous variable
capturing whether the product was in or out of patent is also undesirable.
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Results

Table 1 presents summary statistics of the petition behavior of pesticide producers and

Table 1: Summary Statistics for Petitions

Companies Farmers
N = 622 N = 253

Requests for Less Strict Standards 85% 86%

Requests for Stricter Standards 15% 14%

specialty farmers. Both farmers and producers are far more likely to request more lenient

standards, yet both groups also ask for stricter standards approximately 15% of the time, a

percentage that may seem surprisingly high.

Product Registered 
 0-20 Years

Product Registered 
 21-60 Years

0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2 0.225 0.25 0.275 0.3 0.325 0.35 0.375 0.4 0.425
Percentage of Requests for Stricter Standards

Petitioner
Companies
Farmers

Figure 2: Petitions for Stricter Standards Given Product Age

While farmers and producers look quite similar when it comes to the rate at which they

request stricter or less strict standards, a very different picture emerges when we sort these
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requests based on the year that the pesticide was registered. Figure 2 shows the impact of

pesticide age on the percentage of requests for stricter standards. The filled in boxes show

the percentage of requests for stricter standards for each type of petitioner, given the num-

ber of years since the pesticide had been registered. The bars show 95% confidence intervals

around the estimates.10

Table 2: Petitions From Companies & Farmers for Stricter Standards

Petition Request:
0=Less Strict, 1=Stricter

(1) (2)

Companies Farmers

Age Product 0.046∗∗∗ −0.006
(0.007) (0.019)

Observations 622 253

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Whereas pesticide age appears to have no impact on the probability that farmers make a

request for a stricter tolerance, there is a clear relationship in the case of pesticide producers,

with producers far more likely to request stricter standards on their older products than on

their newer ones. Table 2 shows a logistic regression in which the independent variable is

years since the pesticide was registered at the time of the petition. The results show that

whereas the coefficient on pesticide age is statistically and materially significant for compa-

nies, it is indistinguishable from zero for the specialty farmers.

To put the pesticide producers’ petition results in perspective, whereas if a company

submitted a petition for a pesticide registered five years ago, there was an 8% probability

that the petition would be for a stricter tolerance, in the case of a pesticide registered 20

years ago, that number jumps to 17%, and after 50 years it increases to 51%. In interpreting

these results, one should keep in mind that requests for lower tolerances only made up 15%

10Appendix A shows a similar plot for companies alone, when the age of the pesticide is broken down
further.
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of the sample,. Therefore, a 51% probability that a request would be for a stricter tolerance

is remarkably high.

The results presented thus far provide evidence that companies actively lobby against

their own products as profits diminish. This suggests that producers are attempting to use

regulations as a means of shortening the product cycle on existing products in order to boost

sales of more profitable alternatives.

Admittedly the analysis does not control for other reasons that actors might seek stricter

tolerances, such as the risks of the pesticide in question. The analysis of regulatory change in

the following section does control for pesticide attributes. However, because so many of the

petitions relate to newer pesticides, for which publicly available safety classification data is

lacking, controlling for pesticide attributes in the petition analysis would lead to a selection

problem. Nevertheless, considering that farmers also have reasons (in fact, arguably stronger

ones) to seek stricter standards on more dangerous or less effective products, it is unlikely

that pesticide safety or efficacy attributes would impact company behavior but not that

of farmers. Moreover, it is also possible to identify several specific cases, both inside and

outside the realm of pesticides, in which producers seemed to engage in more overt attempts

to use regulation to undermine less lucrative products in favor of more expensive substitutes.

Setting Subtlety Aside

While requesting lower tolerances is a relatively indirect way of encouraging farmers

to switch to alternatives, chemical producers have not always been so subtle. In 1979,

Ciba-Geigy, which was subsequently bought by the agribusiness giant, Syngenta, patented

metolachlor. In 1999, six years after that patent had expired, Syngenta came out with an up-

dated variation, S -metolachlor. At the same time, they pulled metolachlor from the market.

However, Syngenta’s withdrawal of metolachlor did not stop generic production. In order to

block generic producers, Syngenta filed suit, requesting that the EPA ban the very product

that it itself had produced up until it manufactured an alternative. In the process, Syngenta

claimed that failure to ban metolachlor “would be a clear statement to the public and to

the agrochemical industry that EPA no longer values the environmental benefits associated

with reduced risk products” (Watkins 2002).
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Similarly, in 1998 Novartis patented a new pesticide known as mefenoxam and at the

same time cancelled its older out-of-patent pesticide, metalaxyl, which had chemically sim-

ilar properties. According to the pesticide supplier, Nation’s Ag, which subsequently sued

both Novartis and the EPA, Novartis’ decision to cancel metalaxyl was intended to “prevent

registration of a competing [generic] metalaxyl technical product” (Tawasha 1998). When

asked directly whether companies have an incentive to seek stricter standards on older pes-

ticides, a senior manager at BASF informed me, “Yes. It’s all about the profits. Companies

are constantly trying to phase out old products in favor of newer ones” (in-person interview).

It should be noted that neither these incentives nor this behavior seems to be restricted

to agrochemical producers. There are many other examples of producers overtly seeking

stricter standards on their own products, seemingly in an effort to ratchet up sales of higher

margin alternatives. For example, in 2005, GlaxoSmithKline successfully lobbied to ban

chlorofluorocarbon (CFC)-omitting inhalers that it itself, produced, after coming up with a

CFC-free alternative. Likewise, in 2013, Purdue Pharma, the inventor of OxyContin, con-

vinced regulators to withdraw its license for the pain killer the same day it came off patent

(thereby preventing all future sales), because Purdue had come up with a harder-to-abuse

substitute.11 Finally, in 2015, Total SA and Royal Dutch Shell urged regulators to introduce

an effective carbon pricing system that would make coal less attractive at the same time

that these two companies were contemplating moving out of the coal business.

Hypothesis 1 stated that producers would seek stricter standards on their own products

if it allowed them to sell more of another product with a higher profit margin. This section

has shown that pesticide producers do request stricter standards on older products for which

their exclusive use period has presumably expired. If we assumed that these petition requests

reflected public safety concerns, then we would expect the petition behavior of farmers to

look the same. However, this has not been the case. Alternatively, considering that develop-

ing countries have complained that stricter standards on older pesticides disadvantage their

farmers,12 another plausible hypothesis might have been that farmers in developed countries

11Shortly after Purdue received a favorable decision from U.S. regulators, Endo Pharmaceuticals similarly
petitioned the Food and Drug Administration to end all sales of its painkiller, OPANA ER. This followed
Endo’s development of a new, and supposedly harder to abuse version of the drug. In this case, however,
the petition was denied (“Determination on OPANA ER” 2013).

12In 2007, Argentina filed a trade concern against an unspecified group of countries alleging that a number
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lobby for stricter standards on older products in order to protect themselves from imports.

However, the findings from this section provide no support for that theory either. Rather,

the findings support the hypothesis that firms lobby against their own products in order to

increase profits. This suggests that to the extent that regulations themselves become stricter

on older products over time, once we control for other factors, this is almost certainly driven

by firms, not farmers or the public interest.

V. DOMESTIC REGULATORY CHANGE

The previous section provided evidence of innovative firms’ preferences for imposing

stricter standards on cheaper products, while receiving more lenient standards on new, high-

margin chemicals. However, regulatory change is not solely or even primarily the result of

these petitions. Rather, change often occurs during the re-evaluations that were mandated

in 1988 and then established on a repeating, 15-year basis in 1996 under the Food Quality

Protection Act. It is during these re-evaluations that firms have the ability to withhold

pesticide data so as to receive stricter tolerances automatically.

Data

In order to evaluate whether lower-margin products have disproportionately been subject

to stricter standards under a system in which stricter standards are imposed automatically in

the absence of information, I collected data on changes to U.S. tolerance levels between 1996

and 2015. 1996 was chosen as a starting point because it immediately follows the passage of

the Food Quality Protection Act, which, as noted in the previous paragraph, required that

re-evaluations of tolerance levels occur on a repetitive, 15-year basis. This means that every

pesticide in the dataset was placed under review during the time period studied, reducing

concerns that older pesticides might have been subject to review, while newer pesticides were

not. The sample contained all pesticides that were also regulated at the international level.

This helped guarantee that the products studied were heavily used globally. This makes the

of nations were imposing overly strict standards on the amount of pesticide residue permitted to remain
on agricultural products. Argentina contended that these rules were particularly harmful for developing
countries, as they frequently related to older, cheaper pesticides, and developing countries could not afford
the necessary changes to production methods that would bring them into compliance (SPS Database, STC
No. 250).
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domestic results more comparable to the international results, and it also ensures that all

pesticides in the sample are those with a large international market.

American pesticide tolerance levels are published in the Code of Federal Regulations.

Figure 3: U.S. Entry for the Pesticide Clomazone

The data entry process involved recording tolerances from 1996 and then evaluating how

these standards had or had not changed by 2015. Thus, the data comprised two points in

time, and the question of interest was simply how the 1996 standards had or had not changed

over the two decade period.13 Figure 3 provides an example of what the data look like for

a single pesticide – in this case clomazone – in a single year. A more detailed discussion of

the data collection process and the methods used to ensure accurate tracking as commodity

classification and nomenclature changed over time can be found in Appendix B.

Results

Table 3 presents summary statistics showing overall patterns in tolerance changes. The

13There are a number of reasons why I did not track every change, as it occurred over the two decade
period, but the most substantive was that annual data was not available at the international level due to
poor record keeping by the Codex Alimentarius Commission and an apparent lack of availability of historic
international standards in any U.S. libraries.
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most likely outcome for any tolerance that existed in 1996 was that it would remain the same

in 2015. Nevertheless, there is considerable variation across all outcomes, and every category

contains several hundred observations at least. The category that requires some discussion is

the category “revoked,” which is the second largest category after stasis. A revocation means

that any discernible pesticide residue on an agricultural commodity is a legal violation. This

effectively equates to a ban of the pesticide on the commodity in question. Revocations

occur for one of two reasons. Either the data available suggest that a pesticide is not safe

at any level on a particular crop, leading the EPA to revoke the tolerance. Alternatively, a

revocation occurs because the registrant(s) fails to pay the necessary fees and provide the

necessary data to retain the tolerance over time. This suggests that if revocations reflect

a strategic decision by firms to rescind support for a product, then revocations should be

strongly determined by products’ profitability. Indeed, this relationship should be even

stronger than for the lowering of tolerances, since revocations are a much more effective

way to reduce demand than simply making a standard stricter. Alternatively, if revocations

reflect the public interest, there should not be a deterministic relationship between pesticide

age and whether or not its tolerances are revoked, once we have controlled for other factors.

Table 3: Changes to US Regulations 1996-2015

Changes to Pesticide Standards
(N = 3,684)

Revoked 28%

Stricter 10%

Same 49%

Less Strict 13%

In order to test whether the regulatory outcomes suggest a public or private interest story,

I again used the year at which a pesticide was first registered as a proxy for that pesticide’s

profitability and the likely existence of a patented alternative. A private interest story would

suggest that tolerance levels for older pesticides should be more likely to become stricter or

be revoked than tolerance levels for newer pesticides, controlling for relevant factors. This
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prediction was tested using an ordered logit model. The year a pesticide was registered14 is

the independent variable of interest. The outcome categories were coded as 0 if the tolerance

was revoked, 1 if the tolerance became stricter, 2 if it remained the same, and 3 if it became

less strict.

A number of relevant controls were also included. The first control was for pesticide

toxicity, which was ordered on a 1 to 5 scale, from most to least hazardous. This was based

on the World Health Organization’s 2009 classification (WHO 2009), which is the most

recent available.1516 Dummy variables were also included to account for whether the toxicity

classification became more hazardous over time.17

A second control was pesticide carcinogenicity. This was again coded on a five point

scale, with 1 representing the most carcinogenic products.18 A third control was whether

the tolerance applied to a fruit or vegetable, as opposed to a grain, an animal feed crop,

or an animal by-product. The Food Quality Protection Act mandated that the EPA pay

special attention to how pesticide exposure might impact children. As a result, residues on

fruits and vegetables have been held to a higher standard, due to their prevalence in child

diets (EPA 2017). Finally, the model controls for whether the tolerance related to one of

the three largest acreage crop groups in the United States. Producers have far more to

14This number was normalized by subtracting the earliest recorded year, meaning that it ranged from 0
to 50

15Beginning in 1975, the World Health Organization (WHO) began classifying pesticide active ingredients
on a five point scale from “extremely hazardous” (1) to “unlikely to present acute hazard in normal use”
(5). Because the WHO utilizes independent scientists from a variety of countries and bases its decisions on
scientific data about the pesticide itself, there is no reason to anticipate that this measure would present an
endogoneity problem.

16In the case of both the toxicity measure and the carcinogenicity measure discussed in the next para-
graph, one might worry that because these measures depend on data provided by firms, they are unreliable.
Although firms may indeed withhold information as time goes on, firms are forced to provide data when
they first registered their products, at which point all firms have similar incentives to provide as much data
as is requested. Considering that toxicity change is not significant in the model and that the carcinogenicity
classification changes very infrequently, there is little reason to expect that firms’ changing financial interests
over time play a large role in driving the toxicity or carcinogenicity classifications.

17The comparison group was the 1996-1997 classification (WHO 1997)
18Both the EPA and the WHO publish a classification of carcinogenic potential. However, the WHO’s list

contains only a small portion of the pesticides in the sample, leading to issues of selection bias. As a result,
I utilized the EPA’s classification in this case. Unlike the WHO’s Classification by Hazard, classification of
carcinogenicity is not updated regularly. The ranking for carcinogenicity (by both the EPA and the WHO)
ranges from “Carcinogenic to Humans” (1) to “Not Likely to be Carcinogenic to Humans” (5). In the sample,
no pesticide was ranked below a 2 on the carcinogenicity scale, where a 2 equals, “Likely to Be Carcinogenic
to Humans.”
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gain from selling pesticides that can be used across a large number of acres. Therefore, we

might expect that companies would invest more in retaining tolerances on pesticides that

can be used on high-acreage crops. It is also possible that companies lobby harder to raise

tolerances for their newer pesticides on large acreage crops, due to the fact that the potential

financial gains from increased spraying of a high margin pesticide on a large acreage crop are

enormous. For this reason, an interaction term for high acreage crops and year registered

was also included.

The primary results are presented in Table 4.19 As predicted, Year Registered is both

Table 4: Changes to U.S. Standards Between 1996 and 2015

Tolerance Change:

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

(1) (2) (3)

Year Registered 0.049∗∗∗ 0.047∗∗∗ 0.042∗∗∗

(0.003) (0.003) (0.003)

Toxicity 0.661∗∗∗ 0.681∗∗∗

(0.039) (0.039)

Toxicity Increased −0.060 −0.067
(0.077) (0.078)

Carcinogenicity 0.085∗∗∗ 0.093∗∗∗

(0.029) (0.029)

Fruit/Veggie −0.342∗∗∗

(0.070)

Primary Acreage −0.359
(0.317)

Year Registered*Primary Acreage 0.024∗∗

(0.011)

Observations 3,683 3,455 3,450

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

19Additional robustness checks, as well as visualizations of the data can be found in Appendix C. The

25



positive and significant, after controlling for pesticide attributes that we might also suspect

would contribute to regulatory decision making. This suggests that the newer the pesticide,

the more likely it was that its tolerances became less strict or remained the same, while older

pesticides tended to have their tolerances become stricter or, even more likely, have them

revoked entirely. More concretely, if toxicity and carcinogenicity are set at their mean and

Fruit/Veggie and Primary Acreage are both assigned 0, the model predicts that a pesticide

registered relatively recently, in 1990, had a 58% chance of no change to its tolerance and

a 24% chance of a more lenient standard in 2015. This compares to a respective 51% and

13% chance in the overall sample. By contrast, a relatively old pesticide, registered in 1950,

had only a 41% chance of its tolerance remaining stable and a paltry 6% chance that its

tolerances would become less strict, according to the model. A pesticide registered in 1950

also had nearly a 40% chance that its tolerances would be revoked, as compared to a 26%

chance in the overall sample.

Of course, an alternative reason why the government might impose stricter standards

on older products is that older pesticides are simply more dangerous and/or their dangers

are more likely to be uncovered the longer they are on the market. Assuming this were

the case, it could also be true that the included measures of toxicity and carcinogenicity

failed to capture either evolving knowledge or the actual level of risk. In order to control for

this possibility more thoroughly, I recorded all pesticides for which environmental or safety

reasons were noted in the Federal Register as factoring into tolerance revocations. I then

dropped all such pesticides from the sample, even if not all of their tolerances were revoked.

The results are displayed in Table 5. Notably, this had little impact on the coefficient of

interest.

Another alternative is that as pesticides become older, they lose some of their utility,

meaning that the imposition of stricter standards should not be viewed as catering to the

preferences of firms but rather as the natural regulatory evolution. Pests do develop resis-

tance to pesticides, and eventually products do become less effective. However, there are

several problems with this explanation. First, if pesticides become less effective over time,

farmers would need to use more of them, not less. It is, therefore, difficult to explain why

results were robust to all specifications.
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Table 5: Changes to U.S. Standards 1996-2015: Removing Most Dangerous Pesticides

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

(1) (2) (3)

Year Registered 0.047∗∗∗ 0.045∗∗∗ 0.040∗∗∗

(0.003) (0.003) (0.003)

Toxicity 0.543∗∗∗ 0.558∗∗∗

(0.042) (0.043)

Toxicity Increased −0.030 −0.034
(0.080) (0.080)

Carcinogenicity 0.153∗∗∗ 0.159∗∗∗

(0.030) (0.031)

Fruit/Veggie −0.338∗∗∗

(0.076)

Major Crop −0.422
(0.341)

Major Crop*Year Registered 0.021∗

(0.012)

Observations 3,237 3,015 3,010

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

older pesticides are more likely to see their tolerances go down, as opposed to just seeing

them revoked. Yet as shown in Table 6, Year Registered remains significant even if we drop

all pesticide tolerance levels that were revoked from the analysis and only focus on pesticides

that saw their tolerances go up, remain the same, or become stricter without being revoked

entirely.

Second, if pesticide tolerance levels became stricter simply because the pesticides

became less useful, this would fail to explain the differential lobbying behavior of farmers

and pesticide developers discussed in the previous section. Moreover, it is hard to explain

why companies would need to lobby against less useful pesticides in the first place: if the
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Table 6: Tolerance Changes in the US 1996-2015: Dropping Revoked

Tolerance Change

1=Stricter, 2=Same, 3=Less Strict

(1) (2) (3)

Year Registered 0.027∗∗∗ 0.022∗∗∗ 0.012∗∗∗

(0.003) (0.004) (0.004)

Toxicity 0.061 0.089∗

(0.053) (0.054)

Toxicity Increased 0.008 −0.009
(0.098) (0.098)

Carcinogenicity 0.307∗∗∗ 0.322∗∗∗

(0.039) (0.039)

Fruit/Veggie −0.640∗∗∗

(0.094)

Major Crop −1.026∗∗

(0.436)

Major Crop*Year Registered 0.044∗∗∗

(0.014)

Observations 2,636 2,465 2,461

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

products are no longer useful, they should fall out of the market naturally, without any need

for lobbying. To the extent that petitions play any role in outcomes, therefore, the utility

argument makes little sense.

In addition, as will be shown in the next section, the same regulatory patterns have

occurred at the international level, yet farmers in developing countries have been extremely

vocal in opposing this, saying that the revocation of tolerance levels “of compounds which

are still used by countries is very harmful to the international food trade since it can raise

trade barriers without scientific justification” (CAC 2013). The strong opposition of farmers

internationally, suggests that many of the pesticides with revoked tolerances retained their
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utility at the international level. It seems unlikely that all these pesticides would have re-

tained their usefulness internationally but lost it domestically. Further, if this were the case,

one would have to explain why, despite this, outcomes at the international and domestic

level have mirrored each other in terms of the imposition of increasingly strict standards on

older products.

The significance and stability of the coefficient on pesticide age, even after controlling

for toxicity and carcinogenicity and also after incorporating multiple robustness checks sug-

gest that the public interest cannot adequately explain why U.S. regulators have imposed

increasingly strict standards on older products.

What’s Information Got to Do With It?

Before turning to the question of whether international standards have behaved simi-

larly, it is worth pausing and asking to what extent the results are due to informational

asymmetries versus traditional capture. On the one hand, we know that innovative firms

actively lobby for stricter standards on older products, and it is the case that they receive

the stricter standards they seek approximately 53% of the time.20 This suggests that at least

some part of the results can be attributed to traditional lobbying and perhaps to what we

might consider traditional capture.

However, there is strong evidence that the ability of firms to use information strategically

has also played an important role in the regulatory patterns identified. Prior to the imple-

mentation of re-registration, U.S. tolerance levels changed at a substantially slower rate. For

example, between 1955 and 1970 only 7.7% of all standards experienced any sort of change,

and within that, only 6.5% of those standards became more strict (21 CFR 120 1955; 21

CFR 120 1970).21 Since the total number of tolerances in 1955 was just over 500, this means

that on average, only about 2.5 individual standards actually changed per year, or about

one half of a percent of existing tolerances. Moreover, all but one of those changes related to

the pesticide DDT, which was famously the subject of Rachel Carson’s, Silent Spring, and

20This percentage was calculated from the selection of company petitions collected for the time period
1999-2015.

21This percentage was calculated by entering all tolerance levels listed in the U.S. Code of Federal Regu-
lations (CFR) in 1955 and comparing them to tolerances listed in the 1970 CFR.
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which was only finally restricted after approximately a decade of significant environmental

group and public pressure. In other words, almost all the change that occurred was for a

pesticide that by any objective standard ought to have been subject to stricter regulation

and for which there was enormous public (not just private) pressure to impose those stricter

regulations.

By contrast, following the implementation of an effective re-registration system, tolerance

levels became stricter at a rate of approximately 2% of tolerance levels per year, well over a

four-fold increase from before. This occurred despite the absence of a public push for stricter

standards commensurate with what was seen in the wake of Silent Spring. The significantly

greater amount of change that occurred following the implementation of a system that al-

lowed firms to withhold information in order to receive stricter standards suggests that there

has been much more opportunity for stricter standards to reflect profits under such a system.

Also notable, the primary critique of the U.S. system prior to 1988 and of similar systems

that have existed to regulate industrial chemicals in both the U.S. and Europe is that a lack

of re-evaluations of existing products leads to under-regulation over time and regulatory sta-

sis more generally (see e.g. Commission of the EC, p. 4). The reason is that under such a

system, damaging information about products is often hard to come by. Although firms may

occasionally have incentives to reveal damaging information about their products in order to

make room for newer alternatives, the general stasis that seems to characterize these systems

suggests that firms do so only on rare occasion.

However, when firms are faced with the decision of providing information in order to

retain steady standards or withholding it in order to receive stricter regulations, their choice

is no longer about actively revealing their products’ dangers but instead about passively

allowing regulations to push those products off the market. These are clearly very different

calculations. Not only is there now no lobbying or other monetary cost associated with

acquiring stricter standards, but there is also no reputational cost.

Not surprisingly, there is a substantial amount of qualitative evidence that firms’ decisions

to provide information given a system in which re-evaluations occur is largely dependent on

profit considerations. This is partially revealed by the National Cotton Council’s concern

that manufacturers would pull support for out-of-patent products once the re-registration
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system was put in place (Reauthorization of FIFRA, p. 60). It was also directly confirmed by

a representative of Bayer, one of the largest chemical producers in the world, who informed

me during an in-person interview that once a pesticide goes out of patent “it’s really not

profitable to continue to pay for the research” to retain lenient tolerance levels (Interview

June 1, 2016). Moreover, given that the system put in place in 1988 means that failure to

pay for research leads automatically to stricter standards, firms’ strategic decisions about

when to pay for requested re-registration research clearly plays a central role in determining

outcomes.

Finally, as will be shown in the following section, the regulatory phase out of older prod-

ucts has not been limited to a domestic environment in which officials presumably are more

susceptible to corporate influence. Rather, I will show that the dynamics have also operated

quite strongly at the international level, where the informational asymmetries continue to

play a central role, but the role of outright capture ought to be more muted.

Taken together, the results are consistent with the hypothesis that given a system in

which producers must defend the continued existence of lenient standards with updated

data, standards will become stricter on less profitable products. These are products for

which producers have a low incentive to continue paying for the research necessary to main-

tain stable standards. They also may be products for which certain firms produce a patented

substitute, giving them an active reason to want stricter standards. While producers may

seek and receive stricter regulations on some products in a system in which acquiring favor-

able regulations depends entirely on finding a sympathetic regulator, a system that allows

firms to acquire the regulations they seek by simply doing nothing undoubtedly makes the

strategy of using regulations to push the market towards more profitable alternatives both

easier and more attractive.

One final point that ought to be made is that the findings are not restricted to the United

States. Although the effect is not as strong, tolerance data from the European Union, which

has a similar regulatory structure, provide additional support for the theory (see Appendix

D for regression results).
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VI. TAKING THE THEORY INTERNATIONAL

The regulatory phase-out of off patent products is particularly harmful to two groups:

poor consumers and producers of generics. Although both of these groups exist in devel-

oped countries, developed countries also house the actors that stand to benefit from such

a phase-out: innovative producers. We therefore might expect that the political opposi-

tion to increasingly strict regulations on more affordable products would be strongest in

developing countries, where innovative producers are few and far between. Considering that

developing countries make up the majority of WTO Membership, we might wonder whether

WTO-sanctioned international standard-setting bodies, which provide voice to developed

and developing countries alike, and are frequently used by developing countries in lieu of na-

tional standards,22 reduce the excessive regulatory removal of older pesticides. International

standard-setters may also be better protected against the self-interested behavior of firms,

because these standard-setters are comprised of technocrats who are theoretically removed

from domestic politics. Indeed, the central role of technocrats in setting international stan-

dards has led some to the conclusion that so long as international standard-setting bodies

meet certain criteria, they should be less susceptible to regulatory capture than domestic

regulatory organizations (Petersmann 1995; Bhagwati 2004; Wolf 2004; Mattli and Woods

2009).

The problem with concluding that international standard-setters will avoid the pitfalls

of their domestic counterparts is that this is only true if the problems stem specifically from

national conditions. If, instead, the outcome is the result of informational asymmetries and

a system that allows innovative firms to take advantage of those asymmetries, it is less clear

that international standard-setters would do better. The next section evaluates whether or

not the international standard-setting body in charge of providing pesticide tolerance level

recommendations has, like the United States, imposed stricter standards on older products

over time, as predicted by a theory in which firms can use information to their advantage.

The Codex Alimentarius Commission

The Codex Alimentarius Commission is the primary international body in charge of en-

22Though the degree to which they are actually enforced domestically is questionable.
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suring the safety of traded foodstuffs, and in that capacity, it has also been charged with

providing “recommendations” for pesticide tolerance levels. Though framed as recommenda-

tions, the output from the Commission has international legal implications, due to the fact

that the World Trade Organization’s Agreement on the Application of Sanitary and Phy-

tosanitary Measures (SPS Agreement) specifically mentions Codex as a relevant international

standard with which nations have a duty to try to harmonize. As a result, Codex standards

have important implications for resolving trade disputes. Indeed, between the entering into

force of the SPS Agreement and the end of 2015, no fewer than 56 specific trade concerns

raised in the WTO made explicit reference to the Codex Alimentarius and/or the Codex

Alimentarius Commission (Sanitary and Phytosanitary Information Management System).

In a number of ways, the organization epitomizes the characteristics that scholars have ar-

gued endow international standard-setters with high levels of legitimacy and independence.

Not only does Codex place a heavy reliance on scientific experts as opposed to political

actors, but compared to most other international standard-setters, it is remarkably “fair,

transparent, accessible, and open” (Mattli and Woods 2009, p. 16): it publishes nearly all

of its procedures, decisions, and deliberations online, while also providing opportunities for

broad participation among its national members.

Yet this has done little to protect the Commission from the machinations of firms, at

least as measured by the imposition of stricter standards on older pesticides. This is because

Codex suffers from the same structural features as regulatory agencies within individual na-

tions like the United States, and like many domestic regulators, the Commission has dealt

with those conditions by instituting a periodic review to encourage firms to reveal relevant

information and allow regulators keep standards up to date. The periodic review, which was

instituted in 1993, operates very similarly to re-registration in the United States, dictating

that if producers fail to provide data demonstrating the appropriateness of existing tolerance

levels, those tolerances will be lowered or removed.

Since the periodic review was first put in place, countless standards have been revoked

due to lack of support by the manufacturer.23 Codex participants have also frequently com-

23Both reports from the Codex Committee on Pesticide Residues (CCPR) and reports from the scientific
body tasked with making recommendations to the CCPR frequently reference standards being withdrawn
due to lack of support.
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plained about the removal of tolerance levels for non-scientific reasons. As we might expect,

these complaints almost universally come from developing country representatives. For ex-

ample, in 2013, Peru, Ecuador, El Savador, Honduras, the Dominican Republic, Chile, and

Brazil jointly submitted the following concern: “La base cient́ıfica ha sido el pilar funda-

mental, para las decisiones del Codex, no siendo coherente el hecho que se discontinúe un

estándar por el solo hecho del paso del tiempo” (The scientific basis has been the fundamental

pillar for Codex decisions, and it is not consistent to discontinue a standard for the sole fact

of the passage of time) (CCPR 2013).

Another notable concern came from a representative for the Latin American Association

of the National Agrochemical Industries (ALINA), an association that represents producers

of generic pesticides. The representative alleged “that the main reason for withdrawal of

MRLs [a.k.a. tolerance levels] in Codex in the last years comes from the revocation of active

ingredients as a result of the non-support by the manufacturer” (CCPR 2016). The repre-

sentative for ALINA went on to note that developing countries lack the resources “to keep

an active ingredient when a manufacturer, due to market reasons, choose[s] to not support

the product.” This is a notable complaint coming from a company organization that manu-

factures generic pesticides. It highlights the dichotomy between the innovative producers in

developed countries, which do have the resources to create the required data, and the generic

producers in developing countries, which lack those resources. This difference is precisely

why we might suspect that even at the international level, despite the resistance of farmers

and chemical producers in developing countries, and despite the technocratic, apolitical na-

ture of the standard-setters older pesticides are likely to receive stricter standards.

In order to test whether this has been the case, I collected the equivalent over-time data

for Codex that I collected for the United States.24 This makes it possible to test whether

Codex has been better able to prevent imposing stricter standards on older products in a

manner that goes beyond what appeals to science or safety alone can justify.

24Again, as I did for U.S. tolerances, I used Codex sources (in this case annual reports from the two
subsidiary bodies to Codex charged with researching and recommending tolerances to the full commission)
to determine which tolerances were removed for technical reasons due to changes in crop classification or
usage. I then dropped these tolerances. Likewise, I used these sources to ensure that commodity name
changes could be properly tracked.
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Regulatory Change Under Codex

Table 7: Changes to Codex 1996-2015

Standard Changes
(N = 1,360)

Revoked 40%

Stricter 18%

Same 30%

Less Strict 12%

Table 7 presents summary statistics showing how tolerance levels changed under Codex

during the period studied. Notably, there have been significantly more revocations under

Codex than in the United States. The probable reason for this is that unlike the United

States government, which has mandated that any producers hoping to continue selling their

products must contribute to the re-evaluation process, the Commission has no authority to

enforce such a requirement. As a result, there is a strong incentive for producers to free-ride

on the efforts of others, thereby reducing incentives for generic producers to bear the burden

of funding the data collection necessary for re-evaluations and creating a collective action

problem.

In order to evaluate the impact of pesticide age on tolerance changes, an ordered logistic

regression was again employed. The only difference between the regression used for Codex,

and that used for United States is that the Codex regression omits the variable on major

acreage crops, due to the fact that Codex standards apply globally and hence should not be

impacted by crop acreage in the United States. At the same time, the Fruit/Veggie vari-

able was retained, because these commodities may present health concerns internationally,

considering that unlike commodities like rice and wheat, they are eaten directly without

processing. The results are presented in Table 8.

Table 8 reveals that the length of time that has passed since a product was first in-

troduced onto the market is again a significant predictor in determining how standards for

that product are likely to change over the period studied. Indeed, older products are far
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Table 8: Tolerance Changes Under Codex

Tolerance Change:

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

(1) (2) (3)

Year Registered 0.036∗∗∗ 0.038∗∗∗ 0.038∗∗∗

(0.005) (0.005) (0.005)

Toxicity 0.070 0.100∗

(0.059) (0.060)

Toxicity Increased −0.125 −0.151
(0.126) (0.127)

Carcinogenicity 0.034 0.024
(0.044) (0.044)

Fruit/Veggie −0.386∗∗∗

(0.104)

Observations 1,360 1,335 1,335

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

more likely to see their tolerances become stricter or be revoked, even after controlling for

relevant factors. This supports the hypothesis that so long as international standard-setters

treat the absence of information as equivalent to evidence of harm, standards will become

stricter on older products at the international level, just as they did at the domestic level.

Indeed, the age of products has been a far greater determinant of change under Codex than

the actual danger of those products, the measure of which barely registers as significant in

any of the models.

VII. Conclusion

Using agrochemicals as a motivating case, this paper presented evidence that innovative

firms attempt to use health and safety regulations to eliminate their own lower-margin prod-

ucts from the market in favor of their higher-margin alternatives. The paper then tracked

actual changes to agrochemical standards over time in order to evaluate what explained em-
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pirical patterns. The evidence supported the conclusion that in the United States, Europe,

and under Codex, an international standard setting body, less profitable products receive

stricter standards over time for reasons that cannot adequately be explained by focusing

on the public interest. This outcome disadvantages generic agrochemical producers, whose

products are disproportionately likely to receive stricter regulations. At the same time, it

serves the interests of innovative producers, who have actively lobbied for stricter standards

on their own generic products.

The findings indicate that the WTO’s focus on national discrimination could be problem-

atic for dealing with regulations that create barriers for certain types of firms (in this case,

producers of generic chemicals) but that are not directed specifically at foreign nations.

Although such barriers do have distributive consequences, it is unclear that international

standard-setters or WTO rules are equipped to resolve the issue. Similarly the paper high-

lights one of the problems with assuming a scientific defense under the WTO indicates that

a specific standard is justified. Scientific evaluations are heavily dependent on information.

When the holders of that information have interests apart from the public good, the “sci-

entific” consensus may reflect a single party’s decision to make the information that they

have available. In the case studied, officials implemented a system that theoretically should

have been more responsive to science. Under such a system the absence of data was deemed

equivalent to data showing harm. Given that regulators must always make some determina-

tion in the absence of data, there is nothing inherently less scientific about this system than

one in which the absence of data is assumed to suggest regulatory adequacy. Nevertheless,

the outcome was still a regulatory system in which standards did not solely reflect the public

good but instead reflected the good of certain firms.

Given that innovative producers have an incentive to eliminate less profitable products

from the market, under what conditions might regulators be able to reduce the degree to

which outcomes reflect these motivations? Previous work might have emphasized the im-

portance of regulatory transparency or of reducing the ability of firms to “capture” the

regulator through campaign donations or lucrative job offers. However, the inability of the

Codex Alimentarius Commission to produce outcomes less preferential to innovative firms

suggests that reducing political influence may not be adequate. Indeed, based on the obvious
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incentives that firms have to utilize their informational advantages wherever they exist, it

seems clear that the ability of regulators to produce regulations more in line with the public

interest must depend on the answer to two questions: can regulators reduce informational

asymmetries, and, if not, can they help generic producers overcome their collective action

problems?

In some cases, the informational asymmetries may inherently be lower. For example, in

the case of pharmaceuticals, doctors are regularly providing regulators with documentation

of potential side-effects. These reports may make it easier for regulators to evaluate subse-

quent safety claims by the industry, and they may help explain why, in contrast to pesticides,

the majority of safety withdrawals on pharmaceuticals that have occurred in the U.S. have

occurred in the first ten years of the drug’s life (See Appendix F).

In situations in which information is less available, it is possible that international insti-

tutions could play a successful role. For example, international organizations like the World

Bank could help fund studies on the safety characteristics of off-patent products that remain

important for developing countries. While this could create a moral hazard problem by re-

ducing companies’ incentives to take on regulatory costs, if the international bodies clearly

delineated the conditions under which they would be willing to step in, the extent of the

moral hazard problem could be reduced.

In cases in which reducing the informational asymmetries is less plausible and in which

regulators do require producers to defend the regulation on their products, there may still

be ways for regulatory institutions to ameliorate collective action problems for generic pro-

ducers. The United States, for example, has mandated that no company can sell a product

if they do not contribute to the cost of regulatory upkeep. While this obviously has not

eliminated the problem, it might explain why a smaller percentage of tolerances have been

revoked in the U.S. than under Codex.

The paper’s findings suggest various questions for future research. Most immediately,

what are the conditions under which safety regulations will reflect public or private interests

in cases in which the relevant science is uncertain or difficult to attain? In addition, under

what conditions will international standard-setters produce different or “better” outcomes

than domestic regulators. International standards can contribute to a worthwhile goal of
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reducing trading frictions stemming from divergent national regulations. However, as Büthe

and Mattli (2011) argue, international standards also have important distributional effects.

My findings show one way in which international standards can contribute to a tilted play-

ing field, by unintentionally favoring innovative multinational firms, almost all of which are

headquartered in wealthy countries. Once we understand the ways in which institutional

structures and information provision contribute to biased outcomes, it becomes clear that

international standard-setters are far from immune. More researchers should begin to think

about the ways in which international standards do or do not replicate domestic outcomes,

not just by focusing on national power, but by focusing on the private actors who have

something to gain from regulation and who have the advantage of information.
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Appendix A Additional Petition Specifications

Below I plot the number of years that had passed since the pesticide in question was initially
registered against the log odds ratio of the petitioned for tolerance over the initial tolerance.
Looking at the ratio captures the fact that tolerances can range from as little as 0.01 ppm,
all the way up to 1,000 ppm. This means that in some cases a change of 1 ppm is quite
large, whereas in others it is entirely negligible. The regression results are presented below
the figure.
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Figure A1: Log-Ratio of Company Petition Requests over Initial Tolerance

Table A1: Log Odds Regression for Company Petitions

Change Request
Pesticide Age −0.013∗∗∗

(0.002)
(Intercept) 0.755∗∗∗

(0.045)
N 622
R2 0.054
adj. R2 0.053
Resid. sd 0.787

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Figure A2 shows percentage of company petitions for stricter tolerances, given four age
categories for the pesticide.
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Figure A2: Company Petitions Further Broken Down By Age
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Appendix B Data Collection Techniques for Regula-

tory Change in the U.S.

In practice, tracing how a tolerance evolved was sometimes a simple matter of recording two
numbers. For example, I might find that in 1996, the tolerance for cucumber was 0.1, and
in 2015 it was 0.2, reflecting an increase to a more lenient standard. However, two features
of the Code of Federal Regulations potentially complicate the process. The first is that crop
and crop group names change over time. For example, “Alfalfa, fresh” became “Alfalfa,
forage,” not to be confused with “Alfalfa, hay” or “Alfalfa, fodder.” To ensure that the
tolerance in 2015 actually applied to the same crop as in 1996, therefore, it was necessary
to cross-reference the Federal Register (which notes all name changes) any time the match
was not exact. Since some of the nomenclature changes applied to all tolerance levels and
some only applied to a single commodity/pesticide combination, nearly every pesticide entry
required at least some cross-referencing.

The second complication inherent in tracing changes to standards has to do with some-
thing known as a revocation. When a producer stops supporting a pesticide, or when the
EPA decides that no amount of residue on a given commodity is safe, the tolerance level(s)
in question are revoked, and the U.S. effectively moves to a zero tolerance. However, this
does not mean that the Code of Federal Regulations records a tolerance of 0. Instead, the
tolerance simply disappears from the record. This is problematic, because tolerances can also
disappear for other reasons. For example, whereas the EPA used to set tolerance levels for
pesticides on pineapple forage, over the next two decades this crop stopped being considered
a major feed item, and all entries for the item were removed. On paper, this looks like a
revocation, but in practice, it means that regulators no longer test for residues on that crop,
making the interpretation very different. This meant that for every single revocation, it was
necessary to check the Federal Register (which records all revocations and often their cause)
so as to be sure that the absence of the tolerance in 2015 was actually due to a revocation
and not due to some other explanation.
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Appendix C Robustness Checks and Additional Re-

sults for the U.S.

C.1 Forest Plot of U.S. Regulatory Change

Below is a forest plot showing, with 95% confidence intervals how the age of a pesticide
impacted the probability its tolerance became more or less strict.

1975-1995

1960-1974

1945-1959

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
% standards that stayed the same or became less strict

Figure C1: Effect of Year Registered On Probability Pesticide Standards Increased or Remained
the Same
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C.2 Removing Pesticides Registered After 1984

The Food Quality Protection Act of 1996 mandated that all pesticides be re-registered if
they had initially been registered prior to 1985, while all tolerances be reevaluated even if the
pesticide had been registered after 1984. Although tolerance re-evaluation and pesticide re-
registration both should have led to data call-ins, meaning that the demands on companies,
as well as the resulting changes to tolerances should have looked similar in both cases, it is
possible that the pesticide re-registration process was more rigorous or more onerous than
the tolerance re-evaluation process alone, thereby increasing the probability that pesticides
first registered before 1985 would have their tolerances revoked or lowered. To ensure that
this wasn’t driving my result, I reran my regression, dropping all pesticides registered after
1984. Again, the results remained consistent.

Table C1: Tolerance Changes in the US: Pesticides Registered Before 1985

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

(1) (2) (3)

Year Registered 0.038∗∗∗ 0.037∗∗∗ 0.031∗∗∗

(0.003) (0.004) (0.004)

Toxicity 0.699∗∗∗ 0.721∗∗∗

(0.042) (0.043)

Toxicity Worse 0.055 0.047
(0.089) (0.089)

Carcinogenicity 0.073∗∗ 0.079∗∗

(0.031) (0.031)

Fruit/Veggie −0.351∗∗∗

(0.073)

Major Crop −0.449
(0.367)

Major Crop*Year Registered 0.030∗∗

(0.015)

Observations 3,187 2,995 2,991

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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C.3 Carcinogenicity and Toxicity as Factors

In the primary model, I assumed that the distance between a toxicity measures are equal.
However, it’s possible that a pesticide deemed “Extremely hazardous” (1) was only slightly
more toxic than a pesticide deemed “Highly hazardous” (2), whereas there was a big gap
between “Highly hazardous” and “Moderately hazardous” (3). The same could apply to the
carcinogenicity measure. Therefore, below I rerun the regression with toxicity and carcino-
genicity as factors.
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Table C2: Tolerance Changes in the US: Carcinogenicity And Toxicity As Factors

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

Year Registered 0.042∗∗∗

(0.003)

Toxicity:2 1.233∗∗∗

(0.176)

Toxicity:3 2.355∗∗∗

(0.157)

Toxicity:4 3.313∗∗∗

(0.179)

Toxicity:5 2.535∗∗∗

(0.188)

Carcinogenicity:3 0.129
(0.103)

Carcinogenicity:4 0.732∗∗∗

(0.180)

Carcinogenicity:5 0.348∗∗∗

(0.097)

Toxicity Worse −0.475∗∗∗

(0.087)

Fruit/Veggie −0.265∗∗∗

(0.072)

Major Crop −0.405
(0.324)

Major Crop*Year Registered 0.027∗∗

(0.012)

Observations 3,450

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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C.4 Accounting for Codex

I show in other work that international standard may have an exogenous impact on U.S.
regulations, such that when Codex is stricter than the U.S., there is a higher probability
that the U.S. will also become stricter. The same holds when Codex is less strict. Below, I
include a dummy variable indicating if the 1996 Codex tolerance was stricter than the 1996
U.S. tolerance and also one if it was less strict.

Table C3: Tolerance Changes in the US: Accounting for Codex

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

Year Registered 0.011∗∗∗

(0.004)

Toxicity 0.073
(0.054)

Toxicity Worse 0.044
(0.098)

Carcinogenicity 0.305∗∗∗

(0.039)

Fruit/Veggie −0.542∗∗∗

(0.096)

Major Crop −1.090∗∗

(0.436)

Codex Less Strict 0.797∗∗∗

(0.213)

Codex Stricter −0.626∗∗∗

(0.129)

year new:one of 3 primary acreage crops US 0.044∗∗∗

(0.014)

Observations 2,461

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Appendix D E.U. Results

A couple of factors make the E.U. data somewhat different than the U.S. data. First, The
data only spans from 2008 to 2016, due to data restrictions and the fact that prior to 2008,
E.U. legislation on tolerances was less centralized. This means that only a portion of the
pesticides in the sample would have been subject to a full re-registration, thereby watering
down, so to speak, any effect of pesticide age. Second, Whereas the U.S. revokes tolerances,
the E.U. sets a default level of 0.01 parts per million. This also makes the comparison
somewhat difficult, since many of the MRLs that were set at 0.01 in 2008 are less likely to
change. For this reason I include a dummy variable if the tolerance was 0.01 or below in
2008. Note: major crops in Europe include wheat, barley, and maize.

Table D1

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

(1) (2) (3)

Year Registered 0.013∗∗∗ 0.007∗∗∗ 0.009∗∗∗

(0.001) (0.001) (0.001)

Carcinogenicity 0.102∗∗∗ 0.089∗∗∗

(0.010) (0.010)

Toxicity 0.196∗∗∗ 0.180∗∗∗

(0.010) (0.010)

Fruit/Veggie −0.326∗∗∗

(0.021)

Major Crop 0.103
(0.237)

Major Crop*Year Registered 1.246∗∗∗

(0.031)

Below 0.01 −0.004
(0.006)

Observations 38,091 36,076 36,076

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Appendix E Robustness Checks and Additional Re-

sults for Codex

Below is a forest plot showing, with 95% confidence intervals how the age of a pesticide
impacted the probability its tolerance went up or down under Codex. The plot does not
control for other variables.
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Percentage of MRLs that stayed same/became less strict

Figure E1: Effect of Year Registered On Probability Codex Increased or Remained the Same
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E.1 Comparing Regulatory Changes in U.S. and under Codex

Below is the stacked U.S. and Codex data. The U.S. variable is a dummy indicating whether
or not the data is from the U.S. or Codex. The interaction term of Year Registered*US
indicates that Codex is not statistically more or less likely to place stricter regulations on
older pesticides.
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Table E2: Comparing Effects on US vs. Codex

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

Year Registered 0.041∗∗∗

(0.005)

US −1.162∗∗∗

(0.410)

Toxicity 0.112∗

(0.062)

Carcinogenicity 0.027
(0.046)

Fruit/Veggie −0.412∗∗∗

(0.107)

Toxicity Worse −0.164
(0.131)

Year Registered*US −0.003
(0.006)

Toxicity*US 0.565∗∗∗

(0.076)

Carcinogenicity*US 0.028
(0.056)

Fruit/Veggie*US 0.076
(0.131)

Toxicity Worse*US −0.034
(0.166)

Observations 3,969

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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E.2 Removing the Most Dangerous Pesticides

Below are the results for Codex once I removed the pesticides for which the Federal Register
noted tolerances were revoked for safety reasons. Codex documents do not make similar
specifications, typically, which is why I relied on the U.S. information in both cases.

Table E3: Codex Results Eliminating Dangerous Pesticides

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

Year Registered 0.039∗∗∗

(0.005)

Toxicity 0.198∗∗∗

(0.068)

Toxicity Worse −0.137
(0.131)

Carcinogenicity 0.070
(0.047)

Fruit/Veggie −0.297∗∗∗

(0.113)

Observations 1,130

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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E.3 Making Carcinogenicity and Toxicity into Factors

Table E4: Codex Results with Carcinogenicity and Toxicity as Factors

Tolerance Change

0=Revoked, 1=Stricter, 2=Same, 3=Less Strict

Year Registered 0.035∗∗∗

(0.005)

Toxicity:2 0.405∗

(0.227)

Toxicity:3 0.226
(0.203)

Toxicity:4 0.370
(0.246)

Toxicity:5 0.267
(0.289)

Carcinogenicity:3 −0.513∗∗∗

(0.152)

Carcinogenicity:4 −1.585∗∗∗

(0.291)

Carcinogenicity:5 −0.176
(0.144)

Toxicity Worse 0.189
(0.159)

Fruit/Veggie −0.390∗∗∗

(0.105)

Observations 1,335

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Appendix F Pharmaceutical Withdrawals in the U.S.
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Figure F2: U.S. Pharmaceutical Withdrawals

Data Source: Siramshetty V.B., Nickel-Seeber J., Omieczynski C., Gohlke B.-O., Drwal
M.N., Preissner R. 2015. WITHDRAWN-a resource for withdrawn and discontinued drugs
Nucleic Acids Res.
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