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T h e  Environmental Protection Agency 
(EPA) has just announced final or prelim-
inary policies for regulating various prod-
ucts that are genetically engineered and 
that have pesticidal properties (1, 2). These 
represent the culmination of 10 years of 
effort to come to regulatory terms with the 
advent of recombinant DNA (rDNA) tech-
nology: a set of methods that'have allowed 
researchers and ~ l a n tbreeders to control 
and transfer more precisely than ever before 
the genetic traits they find desirable. The 
intervening years and the stellar advances 
in the comprehension of the scientific bases 
of risk that have occurred during that peri-
od have allowed ample opportunity for sci-
entific principles to drive regulatory policy 
(3). Yet, even in rules and policies an-
nounced in 1994, the EPA has cast into 
federal regulatory policy an anachronistic 
approach that targets the techniques used 
to create these organisms-that is, rDNA 
methods-rather than high-risk organisms 
or experiments likely to pose significant risk 
to public health or the environment. Al-
though the technology has become ever 
more sophisticated, and although numerous 
experiments-including risk assessment ex-
periments-continue to demonstrate that 
rDNA manipulation, per se, does not confer 
enhanced risk ( 4 ) ,the EPA has steadfastly 
discounted these findings. Instead. the EPA" 
has held fast to  its course of singling out 
these organisms for s~ec i a lconsideration--
consideration that turns into burdensome 
and unnecessary regulatory reviews (3, 5). 

Still, scientifically defensible and viable 
policy alternatives do exist. They have been 
implemented by government agencies such 
as the National Institutes of Health (NIH) 
and Centers for Disease Control (CDC) (6) 
and proposed by the National Research 
Council (7) and others (8). 

Flawed Policies: Regulating 
Processes Instead of Risks 

The EPA has a lengthy history of policy 
formulation based on considerations other 

marilv bv the Natural Resources Defense, , 
Council, the EPA pressured apple growers to 
abandon the use of the plant growth regu-
lator Alar, an agricultural chemical that per-
mits apples to ripen uniformly and increases 
yield. EPA's capitulation to environmental-
ists' demands conflicted with the agency's 
own scientific findings (9, 10). Environ-
mentalists' demands appear likewise to have 
influenced the EPA's approach to regulating 
products of the new biotechnology. 

The  EPA's final rule for "eeneticallv" 
engineered" microbial biocontrol agents 
under the Federal Insecticide, Fungicide 
and Rodenticide Act  (FIFRA, the "pesti-
cide stature") was published on  1 Septem-
ber 1994 (1). While this regulation repre-
sented an  opportunity for scientific prin-
ciples to drive regulatory policy, the EPA, 
with the active collaboration of other 
parts of the administration, adopted a 
highly centralized, intrusive approach that 
once again targets techniques rather than 
high-risk organisms, environmental re-
sults. or outcomes. For e x a m ~ l e ,under the. , 

new regulation the EPA is to  regulate 
innocuous oreanisms such as Pseudomonas-
syringae or Rhizobia that contain the Esch-
erichia coli lacZY genes as a metabolic-
marke; or luciferase as a visual marker, just 
because rDNA techniques have been used. 
It is interesting that the EPA rule does not  
identify the use of rDNA techniques 
forthrightly as its regulatory trigger. Rath-
er, the rule uses circumlocutions: It targets 
"deliberate genetic modification," but 
then defines "deliberate" as "directed," 
and finallv eauates "directed" with the use 
of molec;larAtechniques. In the end, the 
rule still regulates phenotypically identical 
organisms differently, if different genetic 
techniques are used. 

For a decade the EPA has offered propos-
als in which the scope of biotechnology reg-
ulation-that is, which products or experi-
ments are subject to regulatory require-
ments-targets the newest and most precise 
molecular genetic manipulation techniques. 
Yet, broad scientific consensus [reviewed in 

than scientific predictions or measures of (311 holds that process or technique per se 
risk related to environmental protection. does not correlate with environmental risk. 
For example, in the late 1980s, in response For example, in its 1989 report, "Field Test-
to a widespread media campaign waged pri- ing Geneticallv Modified Oreanisms." the 

L - -
u%. ~ a t i o n a l 'Research ~ o i n c i l(NRC) 
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by molecular techniques that modify DNA 
and transfer genes"; and that, therefore, the 
use of the new, gene-splicing techniques 
should not constitute a trigger for regulation 
(7). The NRC report also observed that, 
compared to the imprecision of classical 
techniques of gene transfer or modification, 
"with organisms modified by molecular 
methods, we are in a better, if not perfect, 
position to predict the phenotypic expres-
sion [of organisms in field trials]." O n  the 
basis of such consensus observations, it could 
even be argued that if there were a rationale 
for a disparity in regulatory requirements ac-
cording to genetic manipulation techniques, 
the newer, more precise and more predict-
able molecular methods should elicit less 
intensive and stringent oversight than their 
traditional counterparts. 

The EPA's pursuit of policies that regu-
late the technique rather than product risks 
is one manifestation of the agency's docu-
mented neglect of science advice applied to 
policy formulation, a deficiency that has 
been criticized by eminent extramural scien-
tific panels (5, 11). A n  expert panel com-
missioned by EPA Administrator William 
Reilly reported in 1992 that (i) "The science 
advice function-that is, the process of en-
suring that policy decisions are informed by 
a clear understanding of the relevant sci-
ence-is not well defined or coherently or-
ganized within EPA." (ii) "In many cases, 
appropriate science advice and information 
are not considered early or often enough in 
the decision-making process." (iii) While 
"EPA should be a source of unbiased scien-
tific information. . . EPA has not always en-
sured that contrasting, reputable scientific 
views are well explored and well document-
ed." And most damning of all, that (iv) 
"EPA science is perceived by many people, 
both inside and outside the Agency, to be 
adjusted to fit policy. Such 'adjustments' 
could be made consciously or unconsciously 
by the scientist or the decision-maker" (11). 
Moreover, EPA's biotechnology policies 
have conflicted with official federal policy 
(developed with EPA's agreement) that reg-
ulation of biotechnology products should be 
"risk-based," "scientifically sound," and fo-
cused on "the characteristics of the biotech-
nology product and the environment into 
which it is being introduced, not the process 
by which the product is created" (5, 12). 
The EPA statements of policy have often 
used the appropriate buzzwords while sub-
verting the concepts (3). 

The EPA has ignored bona fide risk con-
siderations in favor of the unsubstantiated 
fears expressed by special interest groups. 
One of EPA's convoluted arguments holds 
that "newness," in the narrow, literal sense, 
is highly correlated to risk, and that because 
rDNA techniques can easily be used to cre-
ate new gene combinations, rDNA manip-
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ulations therefore "have the greatest poten-
tial to pose risks to people or the environ-
ment" (13). The result of this reasoning is 
extensive, expensive, case-by-case screening 
of all or a major subset of small-scale field 
trials of rDNA-manipulated microorgan-
isms, while tests of similar-or even pheno-
typicalh identical-organisms manipulated 
by other techniques are exempted. Thus, 
EPA's policy would require governmental 
review of largely innocuous organisms but 
would exempt field trials of "naturally oc-
curring" organisms (and those manipulated 
by chemical or radiation mutagenesis or by 
transduction, transformation, or conjuga-
tion) that could foul waterways or pose other 
environmental risks. EPA's long-standing 
(pre-biotechnology) policy was to exempt 
small-scale field trials of microorganisms and 
chemicals (5, 14). Except for microorgan-
isms manipulated with rDNA techniques, 
that policy remains essentially intact. 
(EPA's exemption in the new rule of recom-
binant organisms whose genome has only 
undergone deletion or rearrangement repre-
sents scant improvement.) 

proposal to test the recombinant ice-mi-
nus strain. Regulators were similarly un-
concerned about field trials with the wild-
type P. syringae tested for the ability to 
enhance the production of artificial snow 
at ski resorts. The  use of rDNA techniques 
was-and continues to be-the EPA's pre-
ferred regulatory trlgger. 

In 1985, the Monsanto Company pro-
posed a scientifically interesting and poten-
tially important small-scale field trial, using 
a soil bacterium, Pseudornonas fluorescens, to 
control a voracious corn-eating insect. The 

resistance is correlated with risk to the 
environment. 

Genetic improvement of crops for pest 
resistance is likelv to be less environmen-
tally hazardous and more socially acceptable 
than the manufacturing and spraying of 
chemical pesticides. Plant breeders, farmers, 
and consumers possess extensive experience 
with crops and foods that have been genet-
ically modified for pest resistance. In recent 
decades, so-called "alien" genes have been 
transferred widely across natural breeding 
boundaries bv chromosome substitution or 

L, 

bacterium, harmless both before and after 
its modification with rDNA manioulation, 

by embryo rescue techniques to yield com-
monly available food plants including oats, 

contained a well-characterized gene cloned 
from another, equally innocuous bacterium. 
The EPA refused to permit the field trlal in 
spite of the conclusion of the EPA's own 
Scientific Advisory Panel and other federal 
agencies that there was virtually no  likeli-
hood of significant risk and in spite of the 
recommendation to allow the experiment 
to proceed (5). Two aspects of this situation 
are noteworthy. First, analogous to the ice-
minus exoeriments, the Monsanto field trial 

rice, black currants, pumpkins, potatoes, to-
matoes, wheat, and corn (20). Most often, 
the desired improvement has been pest re-
sistance, such as resistance to nematode and 
bacterial canker resistance in tomato, or to 
late blight and leaf roll in potato (20). 
These are, in fact, "genetically engineered" 
(although not rDNA-manipulated) plants, 
but thev are not seauestered in laboratories 
or test plots by regulatory mandates. Their 
oroduce is commonlv available at the local 

would not have been subject to any govern-
ment regulation at all had it involved a 
phenotypically identical organism crafted 
with "conventional" (and less precise) ge-
netic techniques. Second, Monsanto's re-
sponse to the EPA's refusal was to dismantle 
its research program on microbial biocon-
trol agents (18, 19). It  is difficult to  calcu-
late the overall societal cost of such disin-

supermarket or farm stand. 
The  EPA's proposal to  regulate plants 

with "pesticidal" properties introduced by 
means of rDNA technology (2) also stands 
in stark contrast to  the conclusions and 

Dubious Decisions 

In the mid 1980s, the EPA astonished the 
scientific and regulatory communities by 
classifying as a pesticide the ubiquitous 
and innocuous recombinant "ice-minus" 

recommendations of groups such as the 
National Academy of Sciences (21), the 
N R C  ( 7 ) ,and the National Biotechnology 
Policy Board (5). The  EPA is moving 
deliberately toward case-by-case regula-
tion of rDNA-mani~ulateduest- or dis-

variant of the bacterium Pseudomonas sy-
ringae. The bacterium was to be sprayed on 

centives at a time of growing demand for 
nonchemical pest control, but it is likely to 
be substantial (3, 5). 

potatoes and strawberries in an  attempt to 
prevent frost damage. (The  EPA reasoned 
that the wild-type P. syringae is a pest 
because its ice-nucleation orotein serves as 

ease-resistant plants and would again ig-
nore genuine risk considerations. Thus, for 

a nidus for ice crystal formation and that a 
mutant strain intended to displace it is 
therefore a pesticide. This convoluted ra-
tionale could lead the EPA to regulate 
outdoor trash cans as a pesticide because 
litter is an  environmental pest.) There was 
unanimity among scientists within and 
outside the EPA about the safety of the 
test. Nevertheless, because the organism 
was rDNA-manipulated, the field trial was 
subjected to an  extraordinary and burden-
some review (15) .  And even after EPA 
approval was granted, the agency's wrong-
headed actions continued; ostensibly in 
order to perform research on  risk, EPA 
officials attired in moon suits conducted 
elaborate and superfluous monitoring of 
the actual field trials (16, 17). 

It is noteworthy that the researcher 
proposing the experiment had previously 
performed field trials with spontaneous 
mutants of P.syringae that were phenotyp-
ically identical to  the recombinant ice-
minus organism and that these trials had 

Plants as Pesticides examile, regulated field trials would' in-
clude those with wheat or corn in which a 

The  EPA's process- or technique-based ap-
proach to regulating microbial biocontrol 
agents is only one example of scientifically 
flawed regulation under FIFRA-and of 
negative impact on  R&D that aims to 

gene for chitinase or one of the other 
newly discovered disease-resistance genes 
has been added by rDNA manipulation; 
but they would exclude a poorly charac-
terized hybrid between a tomato and toxic, 
inedible members of the "deadly night-
shade" familv, to  which it is related. The  

improve agriculture and the environment. 
The  EPA has begun a Drocess that would 

L, 

require the regulatory review of a whole 
category of products that until now have 

, , 
EPA would exempt from review these hy-
brids created bv means of traditional tech-
niques because it views these hybrids as 
resulting from Drocesses similar to those 

been perceived as requiring n o  regulation 
at all: whole plants genetically modified 
(with rDNA techniques) for enhanced 
pest resistance (2) .  

Plant varieties have long been selected 
by nature and humans for improved re-
sistance or tolerance to external factors 
that inhibit their survival and productivi-
ty. These factors include insects, disease 
organisms, herbicides, and environmental 
stresses. All ~ l a n t s  contain resistance 

-
that occur in nature. It is ironic that the 
EPA's policies discriminate specifically 
against the new molecular techniques just 
as these methods are yielding a "bumper 
crop of disease resistance genes" that may 
be "the biggest thing since 'the discovery 
of chlorophyll" (22). 

This EPA proposal was vetted by an 
extramural scientific advisorv oanel whose 

traits, otherwise they would not survive. 
Thus, the issue is not one of the oresence 

, , 
report warned that any such regulatory pol-
icv "will have a ~rofoundeffect on future 

or absence of pesticidal properties, but 
one of degree. Moreover, there is no  evi-

plant breeding programs" and that an un-
wise choice of regulatory scope will consti-

required no  government review or notifi-
cation of anv kind. Data from these field 
trials were also submitted as part of the dence to iuggest that the degree of pest tute a potent disincentive to research and 
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commercialization. Ironically, the panel 
was unable to make the connection be-
tween this observation and its ultimate rec-
ommendation to limit regulation to rDNA-
manipulated plants. Ignoring both scientific 
considerations and the impending disincen-
tives to research and develo~ment(which 
the quotation above suggests was of concern 
to them). the Dane1 members based their,, 

recommendation largely on the dubious, 
20-vear-old orecedent of the NIH rDNA 
~uide l ines(now obsolete and no  longer 
applicable to the oversight of plants) and 
on "a public perception that there are risks" 
(2). The latter assumption is not generally 
supported by reliable data (23). 

The only other rationale offered by the 
panel was based on  the erroneous assertions 
that only with rDNA techniques is it "pos-
sible to make novel genetic combinations-
never before possible," and that novelty is 
synonymous with risk [see above and (2)l. 
Extending this logic, the EPA would regu-
late the presently unregulated new geno-
types produced by plant breeders who use 
conventional genetic techniques. Each year 
an individual breeder of corn, soybean, 
wheat, or potato tests in the field as many as 
50,000 new genotypes [(7);see also (15)]. 
Many of these new variants result from 
inters~ecificor intereeneric wide crosses" 

that transcend natural breeding barriers, 
and their genomes are, at best, poorly char-
acterized. Not surprisingly, no one has sug-
gested that these field trials require govern-
ment review. 

As discussed elsewhere, this a~o l i c a -
A 

tion of flawed scientific assumptions or 
paradigms is partly a function of the man-
ner in which the EPA handles its advisory 
process (1 1 ). Not infrequently on  policy 
issues related to the new biotechnology, 
the EPA has maneuvered scientific advi-
sory panels on  predetermined courses; 
when scientists on  those panels offered 
independent perspectives, they angered 
federal officials. For example, when Uni-
versity of California Professor Dennis Fo-
cht, an  academic member of the EPA's 
Biotechnology Science Advisory Commit-
tee, observed in writing to the chairman 
that a policy decision to regulate on  the 
basis of genetic technique rather than ac-
cording to risk was founded on  nonscien-
tific considerations (24), he was subjected 
to a written rebuke from EPA Assistant 
Administrator Linda Fisher. A lawver, she 
chided this distinguished scientist'on his 
inability to "provide the Agency with [an] 
unbiased assessment of the scientific issues 
at hand," and, in effect, invited him to 
resign from the committee (25). This un-
seemly treatment of a scientific adviser is 
not an  isolated Incident (26). Incidents 
like this subvert the ability of scientists to  
contribute fully to public policy decisions. 

Policy Alternatives 

It is ironic that during the decade of regu-
latory fumbling at the EPA, scientifically 
defensible risk-based models have been 
available. Regulatory and science agencies 
in the United States and other nations have 
devised a number of regulatory regimes on 
the basis of assumptions about the magni-
tude or the distribution of risk. For example, 
under the traditional U S .  Plant Pest Act 
regulations, permits are only required if the 
organisms under investigation are certain 
known plant pests; similar organisms, not 
known to be pests, are exempted. For ex-
ample, Agrobacterium tumefaciens is classi-
fied as a pest under the Plant Pest Act, 
whereas closely related Agrobacterium ra-
diobacter is exempt from regulation (8).The 
validity of these assumptions determines 
the integrity of the regulatory scheme; with-
out them, we might as well flip a coin or 
exempt field trials proposed on certain days 
of the week. 

The NIH and CDC, in establishing lab-
oratory safety standards for handling patho-
gens, have used a similar approach. They 
have stratified microorganisms according to 
risk and soecified combinations of microbi-
ological practices, safety equipment, and fa-
cilities that are recommended for different 
risk categories (6). The risk-based proposal 
of Miller et al. for oversight of field trials 
likewise relies on scientific experts' stratifi-
cation of organisms (8). The proposal de-
scribes an algorithm that is highly adaptable 
to the resources and needs of different forms 
of oversight and regulatory mechanisms and 
that .can accommodate any organism, 
whether naturally occurring or genetically 
modified by old or new methods. Many na-
tional or international regulatory approach-
es employ inclusive lists of regulated articles 
such as plant pests or animal pathogens and 
operate wlthin similar principles (27). 

Conclusions 

The adoption by the EPA of risk-based 
approaches to oversight would have been a 
win-win proposition. The advantages would 
have been decreased direct government 
spending on regulation, stimulation of pub-
lic and private sector R&D by removing the 
burden of regulatory disincentives, and re-
assurance to the public about the essential 
equivalence of new biotechnolog~to other 
more familiar techniques. 

As it stands, however, the EPA's tech-
nique-based approach to biotechnology reg-
ulation is likely to exert a profoundly nega-
tive effect on agricultural research and on 
the commercialization of biological pest 
management strategies. Regulatory disin-
centives, increasingly enshrined in final reg-
ulations. will continue to deter researchers 

and com~aniesfrom bioloeical control strat--
egies that could substitute safer genetically 
engineered microorganisms or plants for 
chemical pesticides. Innovations that may 
not orovide sufficient financial return to 
offset the costs of testing and registration 
will be especially vulnerable (28). By limit-
ing the available technological choices, the 
EPA's regulatory philosophy and policies are 
likely to damage, rather than protect, both 
the environment and agricultural research. 
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