ABSTRACT

JONATHAN NAI MON. A Case Study of the First Proposed Field

Test of An Environmental Application of Biotechnology in the
United States (Under the direction of DR FRANCES LYNN).

Thi s paper anal yzes the processes by which three | evels
of governnent anal yzed potential risks froma precedent-
setting environnental application of biotechnol ogy, Advanced
Geneti c Science's FROSTBAN product. The research is based
on regul atory deci si on dockets, accounts of the case in
scientific journals and newspapers, and personal interviews
with key scientists, policy analysts, and seni or deci sion
makers. The 1.5 hour interviews enployed both fixed choice
and open-ended questi ons.

Four distinct conceptions of potential hazards arose in
the AGS case: toxicity to hunans, pathogenicity to plants,
ecol ogical risks to non target species, and clinmate changes.
Wor st case scenari os were devised in each organi zation to
eval uate the application. The scientific assunptions of
t hese anal yses differed substantially. Al three
organi zati ons requested additional technical data from AGS.
Criteria for evaluating such data were not al ways prepared
before perfornm ng experinents. Scientists believed the nost
critical uncertainties related to their i ndividual

di sci pli ne.

Many of the uncertainties identified in the AGS case
could not be unanbi guously resol ved by provision of nore
data. A franmework for interpreting information on potenti al
ecol ogi cal hazards of introduced organisnms is not avail able
fromany one of the disciplines that contributed to the AGS
review. Future risk analyses could be inproved by
devel opi ng explicit ecological goals and criteria for data
interpretation. In the nmeantine, biological controls should

be required for tests of engi neered m croorgani sns to reduce
many identified uncertainties.
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l. I NTRODUCT! ON

This technical paper critically exam nes the risk
assessnent practices used by the U S. EPA California
Departnent of Food and Agriculture (CDFA), and Monterey
County to analyze a proposal to conduct a small scale field
test of a genetically engineered mcrobial product. The
proposed test involved spray application of a mst of two
genetical ly engineered bacteria Pseudononas syringae and
Pseudononas fluorescens on strawberry plants to retard frost
formation. Advanced Genetic Sciences Inc. (AGS) planned to
mar ket a product based on engi neered Pseudonmonads throughout
the United States as a cost effective and ecol ogically sound
nmet hod of reducing frost danage.

This report anal yzes:

1. the nature of the scientific issues and uncertainties

identified in the initial governnent risk anal yses of a

proposed field test of an engi neered m croorgani sm by

Advanced Cenetic Sciences Inc. (AGS), and

2. the procedures used by three public organizations to

resolve the scientific and technical uncertainties and
make decisions on the field test proposal.
On the basis of an analysis of the issues that arose in

eval uation of this precedent setting case, sone
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recommendations to facilitate risk nmanagenent of future
envi ronnent al bi ot echnol ogy applications are presented.

| dentifying and managing risks from proposed
environnmental applications of biotechnology is inportant for
a nunber of reasons. Biotechnology is expected to becone an
engi ne of sustained economc growth in the USA. (OTA, 1981)
Its ability to spur productivity inprovenents in a diverse
range of outdoor human activities will be limted if hazards
cannot be identified and controlled. Post Wrld Var 1|
experience with organic pesticides, nuclear power, and other
t echnol ogi es suggests to many observers that unantici pat ed,
detrinmental effects on the environnent and sone human
activities are conmmon traits of powerful new technol ogies
such as biotechnol ogy. (Al exander, 1985)

A. Scientific |ssues

There has been a polarized debate in scientific journals
as to whether or not there is a need for specialized
anal ysis of risks arising fromenvironnmental applications of
bi ot echnol ogy. Authors such as geneticist Wnston Bril
have argued that genetic engineering products are not |ikely
to pose different classes of risk than existing agricultural
products. He believes that genetically engineered products
shoul d be expected to pose | ess severe ecol ogical risks than
natural organisms introduced into new environments because
the engineered organisns are not optimzed for terrestrial
environnents by evol utionary processes. (Brill, 1985)
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Ecol ogi sts such as Frances Sharpless (1987) have argued t hat
t he adaptation of genetically engineered organisns to new
environments is unpredictable and has the potential to
create substantial newrisks to the viability of certain
ecosyst em processes and menbers. Among potenti al
environmental products, genetically engineered
m croor gani sns have generated nore controversy than
genetical ly engineered plants or animals. (Sharpless, 1987)
Wi le there is no accepted scientific evidence that
genetically engi neered mcroorgani sms (GEMs) as an entire
class are dangerous, there are sone scientific reasons for
expecting different types of uncertainties with
envi ronment al applications of biotechnology than in
environmental chem cal applications. For exanple, viable
m crobes have the ability to reproduce and nultiply rapidly
in favorabl e environnments. |Industrial chem cals can never
increase in quantity after environmental release.
Exogenously introduced organi sms can col oni ze new habitats,
di spl ace existing organisns, and thus may be able to affect
under|ying ecol ogi cal processes such as nutrient cycling,
ani mal behavior, and evolution. Non living chem ca
mxtures typically affect fewer environmental biochem ca
processes and cannot act as new conpetitors for resources in
the environment. More than genetically engineered plants
and animals, GEMs have the ability to transfer their genetic
material to naturally occurring organi snms and recei ve DNA
fromorganisns in the target environment. This capability
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can lead to changes in the functions that novel and natural
organisns play in different ecosystens over time. Even if
no genetic material is exchanged, the functiona
capabilities of an introduced organismcan be expected to
change as the organismadapts to its environment over the
course of many generations. For these reasons, risk

assessnent of environnental biotechnol ogy applications
shoul d involve different issues than risk assessnents of

chem cal s used in the environnent.

Environnental applications of genetically engineered
organisms wi || also pose different scientific and technica
questions for risk nmanagement than indoor biotechnol ogy
applications. Because of the variability and diversity of
natural ecosystems, there are a w der nunber of
opportunities for offsite transport by w nd, insects,
animal s, and people. Technical control of environnental
applications is therefore much nore difficult. Perhaps nost
I mportantly, there is nuch less information available on the
rel evant paranmeters of multiorgani smenvironmental systens
than the single organismsystens targeted in biomedical and
chem cal production applications. Thus, the task of
assessing potential scientific risks fromAGS proposed field
test could be expected to involve different scientific
I ssues, different types of evidence, and different
scientific uncertainties than those associated with either
out door chem cal applications or indoor biotechnol ogy
applications. (Gllette, 1986)
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In addition to these theoretical questions about the
safety of environnental applications of biotechnol ogy,
practical limtations on available infornmation make
eval uation of potential risks difficult. Because deliberate
environnent al di spersal of GEMs has not been permtted by
most devel oped countries at the time of the proposed AGS
field test, there is only scanty, anecdotal data avail able
on the behavior of a few viat)le, engineered organisns in
nat ural environnents.

The limts of existing disciplines may contribute to the
difficulty in evaluating potential effects fromapplications
of biotechnol ogy. Environnental applications of
bi ot echnol ogy represent a hybrid field requiring inputs from
mol ecul ar bi ol ogy, cell biology, plant pathol ogy, public
heal th, mcrobial ecology, and systems ecology. During the
| ast ten years, interaction between many of these fields has
been infrequent if at all. Research activity is nore
concentrated in previously established disciplines with
stabl e support. Few scientists have devel oped theories or
conduct ed experinments |inking nolecular nodifications and
changes in ecosystem dynajnics or function.

Despite these technical differences between
envi ronment al bi ot echnol ogy applications and environnental
chem cal applications, statutes created for non Iiving
chem cals were used as the basis for regulation of the first

genetically engineered products intended for environnental
rel ease. Under the "Coordinated Framework for Regul ating
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Bi ot echnol ogy" published in the Federal Register (Ofice of
Sci ence and Technol ogy Policy, 1984), the AGS field test was
regul ated under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). FIFRA was witten in 1946, before
DNA was even isolated, to limt acute health risks from

I neffective and dangerous pesticides. Wile there is nore
diversity in state policies concerning environnental

bi ot echnology , California also treated the AGS product as a
new pesticide. (Jones, 1986) Laws created to regulate |ess
subtle agricultural products could be expected to mss
certain new effects of biotechnol ogy products.

B. Information Processing by Regulatory Organizations

There are nmany | enses through which to view scientific
policy anal yses like the evaluation of the FROSTBAN fi el d
test. A popular approach to policy analysis has been to
divide the process into a series of steps akin to scientific
research. (Stokey and Zeckhauser, 1976) According to this
nodel , public organizations need to undertake the follow ng
activities in doing policy analysis: problemdefinition,
i nformation research, information analysis, information
preservation, and decision-making. A premse of this policy
anal ysi s nodel is that the information obtained and anal yzed
by an organization is critical to that organization's
decision. Some alternative views of policy analysis focus

on political pressures agencies face and the inadequacy of
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certain disciplines to resolve conmplex policy issues.
(Schr ader - Frechette, 1980)

Per haps because problem definition often has politica
I nputs, this phase has received the | east systematic
treatnment of these inputed phases. The literature suggests
that it is crucial to determning the nature of subsequent
activities including decision-nmaking. Many authors suggest
that problenms be defined as broadly as possible. (Stokey
and Zeckhauser, 1976)

The literature on information acquisition analyzes
activities in terns of the actors involved, the content
acquired, sources of the information, and the external
constraints on the search process. |In novel situations
private sector research and devel opment organization
managers rely on individual "information stars" to tap
extra-organi zational information sources to support
deci sionmaking. (Fisher, 1984) Wen there is a high |evel
of technical uncertainty, senior management in government
research and devel opnent organi zations use unstructured
channel s |ike tel ephone conversations that permt imediate
f eedback rather than formal sources |ike reference texts or
dat abases. (Holland, 1984) The literature suggests that two
distinct classes of information, technical and political,
are acquired in the search phase of the analysis process.

Non technical information includes:

1. the legal rules and regulations constraining its policy

choi ces.
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2. the past activities of the agency and its internal

resour ces,

3. the preferences of inportant actors w thin the agency,
its constituency groups, other agencies, and its
executive, legislative, and judicial sovereigns, and

4. the probable reactions of inportant political actors to

t he substantive consequences of each policy alternative.
(Sabati er, 1978)

While scientific and technical information may seem | ess
uncertain than political information, four types of
techni cal uncertainty have been identified in the literature
on regulatory activities: inadequate data, conflicting data,
different interpretations of the same information, and
uncertainty resulting fromdifferent nodels. (MLaughlin,
1987) The capacity of organizations and individual analysts
to utilize newinformation is apparently reduced in crisis
conditions. |In crisis situations, managers tend to display
a lower tolerance for anbiguities |like the uncertainties
menti oned above and a cognitive rigidity to alternative
policies that have not been deployed before. (MLaughlin
1987) The AGS case, since it devel oped over the course of a
year, cannot be considered a crisis . However, the rapid
t echnol ogi cal change that precipitated the regulatory
questions reduced the lead tine avail able to governnent
officials and could indirectly contribute to a crisis

managenent syndrone. (Fischer, 1986)
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C. study Hypot heses

On the basis of the scientific questions raised by the
advent of open environment applications of genetic
engineering and the literature on processing of technica
information by regul atory organi zations, we devel oped a few
wor ki ng hypot heses to guide our research. These hypot heses
1. the non routine nature of the scientific questions that
arose woul d conpel each organization to use non routine
deci si onmaki ng processes. These processes coul d be expected
to make extensive use of information sources that provide
I nstant feedback and information about political factors.
2. the limts of existing disciplines would prevent
organi zations fromfully evaluating scientific questions
about the inpact(s) of the introduction of GEMs into a
natural environment. Oganizations that devised procedures
to include individuals with diverse backgrounds woul d be
better equi pped to evaluate potential inpacts than
organi zations that enployed routine processes and regul ar

personnel used to traditional environmental problens.

D. Met hods

The Advanced Cenetic Sciences 1985 proposal to field
t est Pseudononas syringae and Pseudononas fluorescens was
sel ected as a case study because it was the first proposal
to deliberately release a genetically engineered

m croorgani sm anal yzed by EPA after responsibility for


NEATPAGEINFO:id=958EEE12-F193-4FFA-AEDB-AF408BFF004F


10

regul ating environnental applications of biotechnol ogy was
shifted to EPA fromthe National Institutes of Health. As
the first case of its type considered, the aforenentioned
scientific issues seenmed |ikely to be explicitly treated in
t he process of making decisions on the proposal. W
believed that analysis of the handling of the case could
provide insight into the type of regulatory policy issues
that are likely to recur in future evaluations of
environnental products that utilize biotechnol ogy.

The regulatory and | egal background of the case was
obt ai ned by anal yzing rel evant notices in the Federal
Regi ster. A Freedomof Information Act request was filed
with EPA in order to obtain the AGS Experinental Use Permt
application, supporting AGS scientific data and
correspondence, transcripts of the special Subpanel of the
EPA FI FRA Scientific Advisory Panel convened to eval uate
this application, conments of individual subpanel nenmbers on
the test proposal, and comments of other agencies.
Congressional hearing records were used to identify
addi tional policy issues. Newspaper articles were used to
identify key actors in California's and Monterey County's
regul ation of the AGS proposal. Public interest
organi zations were contacted by phone to obtain copies of
| awsuits and correspondence with agency officials. Al of
these docunents were anal yzed to identify key individuals
who were involved in the analysis of the case and who were

responsible for regulatory decisions made by the US EPA the
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California Department of Food and Agriculture, and Monterey
County. Additional docunents used or prepared in each
organi zation's deci si on-maki ng processes were obtai ned
during the in person interviews. These documents hel ped
provide a basis for understanding the evolution of the
consensus technical opinions in each organization.

AGS scientific personnel were asked to participate in
this study. AGS representatives declined because of
concurrent negotiations with EPA's O fice of Special Counse
at the tinme of the interviews. (EPA Ofice of Conpliance
Enforcement, 1986) Dr. Stephen Lindow, the University of
California at Berkeley scientist who el aborated the concept
of a bacterial frost damage protection system and M.
Edward Lee Rogers, Foundation for Econom ¢ Trends | egal
counsel, were also interviewed in person to obtain
historical information about issues surrounding the proposed
field test.

One and a half hour in person interviews were conducted
with both anal ysts and senior decision-makers to conpare the
types of information that were inportant to each in the
deci si on-maki ng process. The interviews were structured
using the UNC Institute for Environnmental Studies/School of
Business Adm nistration NSF project interview guide. This
gui de was designed to probe ways in which scientific and
technical information is processed by federal agencies in
non-routine situations. Interviewees were asked questions

to examne the potential inportance of individual and work
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unit disciplinary background, time constraints, |ega
constraints, organizational uncertainties, and other
suggested influences on the processes of problem

formul ati on, infornati on search behavi or, information

anal ysi s, and deci sion-nmaking. (Lynn, 1986) Interviewees

were asked to characterize both the nature and sources of
scientific uncertainty, and the quality of different types
of information that were utilized in their analysis of the
AGS proposal. The NSF interview guide used is given in
Appendi x 1.

In the next chapter, EPA's handling of the AGS proposal
to field test genetically engineered bacteria is described.
Readers interested in the technical basis for the AGS
FROSTBAN product are referred to Appendix II, "Technica
Background for the AGS Case."
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1. DESCRI PTI ON OF RI SK ASSESSVENT BY EPA

This chapter exam nes the process by which EPA defined
the issues, acquired, analyzed, and presented scientific
information to carry out its regulatory responsibility for
an environmental biotechnol ogy application. Background
i nformation on Advanced Genetic Sciences (AGS) and the
policies that governed the review process are given in
section A.  The processes by which scientific information
was obtai ned are described in Section B, Section C describes
EPA' s anal ysis of the scientific information it acquired.
Section D discusses the way that scientific information was
presented within EPA in the decision meiking process. The

utility of the information acquisition and anal ysis process

EPA used is evaluated in Section E

A. Background

1. AGS | nc.
Advanced Genetic Sciences Inc. (AGS) is a nediumsized

bi ot echnol ogy firmfounded in 1980. AGS s focus is on
products for the agricultural production and food processing
markets. Like many biotechnol ogy startup firns,

I nternational chem cal conpanies are now major mnority
sharehol ders. Rohm © Haas, has a 12%of the public stock
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and Hillshoeg AB of Sweden owns 16% of AGS. ACS has
manufacturing facilities in Canada and Sweden. |ts Anerican
scientific and managenent operations are now based in
Cakl and, California in a building |eased fromthe University
of California at Berkeley. (Advanced Genetic Sciences, 1985)
In 1981, while AGS was based in Geenw ch, Connecticut.
Dr. Steven Lindow, then at the University of Wsconsin
Departnment of Plant Pathol ogy, approached AGS with an idea
for a bacterial snowraking product utilizing I NA+ (Ice
Nucl eation Active) P. syringae. This product concept has
been refined by AGS and a dehydrated concentrate of
irradiated | NA+ P. syringae is now marketed as SNOMWAX to
ski resorts to increase the efficiency of artificial
snownaki ng at near freezing tenperatures. (Harris, 1985)
In 1982, AGS acquired an exclusive |icense fromthe
University of California to commercially devel op, produce,
and market a genetically engineered (Ice Nucleation
| nactive) INA- bacterial products to reduce agricultura
frost damage. AGS retained Dr. Steven Lindow, who first
proposed using I NA- bacteria to retard frost formation and
ti ssue damage on plant |eaves, as a consultant. Wile the
terms of individual |icensing agreements are confidential,
most University of California technology |icense agreenents
provide that 50%of all royalties the school receives from
|icensees is given to the inventor. (Strom 1987)


NEATPAGEINFO:id=F2B09400-74EC-4491-BB27-E01894639E79


15

2. Federal Policy

In 1982 Dr. Lindow and Dr. Panopoul os (both of the
University of California at Berkeley) requested perm ssion
fromthe National Institutes of Health (NNH to perform
outdoor experiments to test the efficacy of this new frost
control technology in the field. At this tine, the
Department of Health and Human Services (HHS) had
jurisdiction over all reconbinant DNA experinments in which
researchers were supported by civilian federal agencies.
This request was approved in a 7-5 vote (with two
abstentions) by the NIH Reconbi nant DNA Advisory Committee
(RAC). However, HHS and NIH withhel d approval because of
concerns raised in the RAC about: 1) the anticipated effects
of tagging Pseudononas strains with antibiotic resistance,
and 2) potential climatic effects fromnon ice nucleating
(I'NA-) genetically engineered mcroorgani sns (GEM)
di splacing I NA+ bacteria that may play a role in ice

nucleation in rainclouds. NHinvited the scientists to

reapply and provide information to allay these two RAC

concerns. (M Ilewski, 1983)

In early 1983 the two Berkel ey professors resubmtted a
revi sed application with additional information on the
strains they planned to use, and arguments rebutting some of
the RAC s concerns. On April 11, 1983 the NIH RAC approved
this application 19-0. On June 1, 1983, fol | ow ng approval
by the US Departnment of Agriculture Reconbinant DNA
Committee, NIH granted Drs. Panopoul os and Li ndow perm ssion
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to proceed with the field test at a single site, the
University of California Field Station at Tul el ake,
California. (MIlewski, 1983) Inmediately thereafter, a
public interest group, the Foundation for Economc Trends
(FET) sued in the DC Federal Court to block the test on the
basi s that an adequate environnental inpact statement for
the risks accruing fromthe proposed experiment was not
performed. District Court Judge John Sirica agreed with the
suit and issued an injunction blocking the proposed field
test until an adequate environmental inpact statenent,
filling the National Environmental Policy Act's substantive
requirements, was made. (Foundation on Economc Trends v.
Heckl er, 1984)

The novel scientific nature of the regulatory decision
on proposed field tests of engineered bacterial frost
control strains was conmpounded by a shifting |egal and
regul atory framework for outdoor tests of engineered
organisms. In late 1983 the Wite House Office of Science
and Technol ogy Policy (OSTP) formed a Bi ot echnol ogy
Coordinating Committee (BSCC) to anal yze regul atory issues
associ ated with commrercialization of biotechnology. This
conmm ttee had representation fromthe National Science
Foundation, the Ofice of Science and Technol ogy Policy, and
the EPA. In 1984, this commttee suggested that EPA be

given lead responsibility for regulation of bacteria
bi ot echnol ogy products depl oyed in the open environnent and
USDA be given lead responsibility for regulation of aninma
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and plant biotechnol ogy products. Wile EPA and USDA did
not have NIH s experience as a nmajor patron of nodern

bi ot echnol ogy, their regulatory actions are interpreted by
courts as providing the equival ent of the required Nationa
Environnental Policy Act environmental inpact review. This

proposal was inplemented by courts in an Executive Order on
the regul ation of biotechnol ogy products published in the

Federal Register. (Ofice of Science and Technol ogy Policy,
1984)

EPA has legal authority to regulate genetically
engi neered m croorgani sms (GEMs) under either the Toxic
Substances Control Act of 1976 (TSCA) or the Federal
| nsecticide Rodenticide and Fungicide Act of 1946. Shortly
after the Federal Register notice was published EPA
Associ ate Counsel Abrahmson suggested that FIFRA was
preferable for GEMs because of the simlarities between
conventional |y obtained mcrobial pesticides and genetically
engi neered mcrobial products. Thirty one mcrobial
pesticides were already registered for use inthe US in
1984. (Abrahnson, 1984)

I n Novermber 1984, AGS field engineer Steven Cull sent a
letter to EPA indicating AGS s intent to conduct outdoor
experiments with two genetically engineered strains of
Pseudononas. EPA Assistant Adm nistrator for Pesticides and
Toxic Prograns Jack More determned that the proposal would
be regul ated under FlFRA


NEATPAGEINFO:id=C3A61B86-278B-4AAD-9C47-47567E1570DD


The rationale for considering AGS genetically
engi neered | NA- bacterial preparation to reduce frost
formati on (FROSTBAN) as a pesticide is explained in a
communi cati ons packet EPA released in Novenber 1986. It

st at es,

"Under FIFRA, a pesticide is defined as any
substance or m xture of substances intended for

preventing, destroying, repelling or mtigating
any pest. In this instance, the | NA+ bacteria
are the pests because they nucleate frost that
in turn destroys or harms crops, and the | NA-
products are pesticides because they are

I ntended to displace the I NA+ bacteria and
prevent or mtigate the harm (frost) caused by

t hem

(EPA O fice of Public Information, 1986)

FI FRA cl assifies new product proposals by the size
of proposed field tests. EPA doesn't require an
Experimental Use Permt (EUP) for all pesticide tests
involving less than four acres. |In 1984, EPA
published an InterimRule which gave it authority to
require an EUP for small scale field tests of products
that included genetically engineered organi sms such as

AGS' FROSTBAN.

The process by which different units in EPA
contributed to the fornulation of its scientific
position on the AGS proposal is outlined in Table 1.
The SAP is an acronymfor EPA's FIFRA Scientific
Advi sory Panel, a panel of outside scientists selected
to review problematic scientific questions that arise
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under FIFRA. FDA is the acronymfor the Food and Drug
Adm nistration. USDA is the acronymfor the

Departnent of Agriculture.

TABLE 1

EPA ASSESSMENT PROCESS TOR AGS APPLI CATTON

Office of Pesticide Program Review
« E Tviranrvental Fate

* Ecol ogi cal Effects
¢ Human Heal th

2 Product Analysis

Prel L-ninary Scientific Position

Intra Agency REview (ffices
« Toxi c Substances
* Research and Devel opnent

« Policy Plarjiirg and Eval uation
* General Counsel I nter Agency Review

[aaa' a

SAP Subpanel Review

M crobi ol ogi st
M crobi al Ecol ogi st

.M { ! P AN
i+ Soil Mcrobiologist N
* Meteorol ogi st
* Plant Pathol ogi st

j + Carnjnity Eool ogist

Publ i ¢ Comment

Fiivil Scientific Position
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The Ofice of Pesticide Prograjns (OPP) Review was
del egated to the Hazard Evaluation Division. This
division is principally responsible for assessing
heal th and environnental risks fromnew chemcals. It
was responsi ble for considering environmental fate,
ecol ogi cal effects, human health, and other potentia
i npacts of the AGS product.

The subsequent review by the USDA, NIH FDA and
the Scientific Advisory Panel Subpanel is not required
by FIFRA for regular EUPs. The additional input was
required to inprove the public credibility and | ega
defensibility of EPA's scientific review of the AGS
pr oduct .

Assi stant Adm ni strator More said.

"W knew that (Federal Judge) John Sirica found
the NIH process not consistent with NEPA

(National Environmental Policy Act . The
perception of credibility of the E A process is
essential. It seened unlikely that the agency

woul d have enough expertise on hand to deal MAth
the AGS request. Therefore, we evolved a
process with external peer review of EPA

j udgenments. W used the SAP (FIFRA Scientific
AdV|sorY Panel ) subpanel apProach because the
SAP is legally mandated to | ook at scientific
questions related to FIFRA registrants, and the
FI FRA SAP d|d not have any expertise in

climatol ogy." (Moore, 1986)

The SAP subpanel was chaired by Dr. Wendell Kilgore, a
menber of the regular FIFRA Scientific Advisory Panel and an

environmental toxicologist fromthe University of California

at Davis. The other menbers of the special subpanel created
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for the AGS Case were: Dr. Susan Hrano (University of
W sconsin, mcrobial ecologist), D. Robert Colwell
(University of California at Berkeley, zool ogist and
evol utionary biologist). Dr. Martin Al exander (Cornel
University, soil scientist, mcrobial ecologist) Dr. Randy
Borys, (Colorado State University, neteorologist), and Dr.
Janes Tiedje (Mchigan State University, soil scientist and
m crobi ol ogi st).

Dr. Moore suggested that the

" SAP (Subpanel? woul d not just respond to

questions identified by EPA staff but al so be
able to |l ook at the raw data thensel ves and

draw their own conclusions. Thus, the SAP
subpanel could function as an educational too
for EPA Fln the area of inpacts of release of
?enetlca | y engi neered organi sns) and provide

he inmportant Inprimateur of scientific rigor
on EPAs first case of a nodified (genetically
engi neered) pesticide."

(Moore, 1986)

Nonet hel ess, EPA's Hazard Eval uation Division (HED) was
responsible for initially defining the scope of the
analysis. Wthin HED, Fred Betz, an environmental engineer
on the Science Integration Staff, was responsible for
operationalizing EPA's policies on GEMs, managing the
scientific review, and drafting consensus scientific

posi tions.
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B. Sear ch

HED s first task was to determ ne whet her EPA shoul d

require an EUP for AGS. Under the interimFIFRA policy, the
statutory time frane for this decision was 90 days. Betz
delegated the initial review of the scientific issues to
ecol ogi st Zigfridas Viatuzis, toxicologist Reto Engler, in
the HED Human Health Effects Branch, chem cal engineer
Herbert Manning, in the HED Exposure Assessment Branch, and
chem st WIlliamHazel in the HED Product Residue Chemstry
Br anch.

These HED anal ysts began by carefully reading the forma
AGS proposal and NIH RAG review of a simlar experiment
proposed by Lindow and Papadopol ous. Second, the EPA
scientific analysts had phone conversations with AGS
scientific personnel. Witten records of phone
conversations were naintained for incorporation into HED
records. Face to face meetings wth AGS scientific
management were held to clarify EPA's regul atory
requi rements rather than to answer scientific questions.
Literature searches on naturally occurring P. syringae and
P. fluorescens were al so conducted by the EPA scientific
anal ysts; however, the scientific information these searches
yi el ded was not considered very useful.

The four HED reviewers submtted their initial,
confidential analyses of the AGS test proposal to Betz
within 30 days. These anal yses apparent|y addressed two

types of questions:
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1. could the engineered bacteria persist in the natural

envi ronnent ?

2. could they cause any detrinental effects to humans,

pl ants, or the weather?
The prelimnary consensus was that it is possible both for
the organisms to persist and to contribute to some adverse
ef fects.

M. Betz sought to fill gaps in the information provided
by his reviewers by undertaking a subsequent information
search. In addition to using many of the same sources as
the staff reviewers, Betz called additional scientific
experts outside the EPA and AGS. M. Betz commented that
whil e discussions with experts are useful for finding
answers to specific questions he had, the scientific
literature may be nore useful because relevant articles can

be nmore easily cited in subsequent decision support
docunents. (Betz, 1986)

C. Analysis
1. Wrst Case Scenario

Using the initial confidential HED anal yses and the
information fromhis search, M. Betz devised a technically
pl ausi bl e worst case scenario for evaluation. First, the
m crobes are borne off site by water, wind or insects;
second, the GEMs survive on related plants, nultiply, third;
the GEMs exclusively colonize plants in a nearby off site
area, fourth, the GEMs are dispersed into the air, where
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fifth, the INA- GEMs depress the rate of formation of ice
droplets in clouds. This in turn could lead to an adverse
effect "branch": changes in precipitation patterns in areas
adjoining the test site(s).

The second "branch" of HED s qualitative adverse

consequence tree concerned pathogenesis of conmmercial plant

rel ati ves of the strawberries on which the GEM woul d be

applied. In this branch, the GEMwould establish itself on
nei ghboring fields and potentially cause a pathogenic
infection in potential plant hosts. Like the precipitation
modi fication possibility, this "branch" could only occur if
the first contingency in the scenario occurred: |INA- CEMs
conpeting with naturally occurring I NA+ bacteria and

coloni zing plants off site.

2. Information Exchange

On the basis of the hazards defined in this qualitative
prelimnary analysis, M. Betz determned that an
Experimental Use Permt (EUP) should be required to conduct
the test. On February 1, 1985 EPAs Office of Pesticide
Prograns (OPP) sent a letter to AGS advising that it had
decided to require an EUP for the proposed test to resolve
uncertainties that were identified by HED staff, and the
public. Inthis letter. Ofice of Pesticide Progreins
Director Steven Shatzow formally requested AGS to submt
addi tional experimental information to resolve many of the
questions HED staff had.
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Det erm ning what information was needed to resolve the
scientific questions it had was HED s second principal task.
On February 10, 1985 EPA HED staff met with AGS scientific
managenent to di scuss experimental strategies to neet the
identified concerns. AGS was given responsibility for
devising experinents to satisfy EPA's general concerns. EPA
i ndi cated that the design and conduct of the AGS experinents
woul d not be closely nonitored. To analyze the likelihood

of the two scenario branches described above, and neet
separate FIFRA EUP information requirements, HED requested
AGS to supply a wide range of scientific and technica
information. Table 2 shows a sanmple of the types of

i nformation EPA asked AGS to supply.

Tabl e 2

Scientific and Technical Information Requested by EPA
to Eval uate the AGS EUP

- met hods used to construct the | NA- GEM

- purity of the INA- GEM preparation _
- %olonJZ|ng ability of Ice Nucleating Mnus strains
I NA-
- genetic and biochem cal characteristics of INA- P
syringae ) o
rental strain pathogenici

B ant's (gromm Inthe drea o#
- methods Tor detection of | NA-

- survival rates of | NA- GEMS

- ?rovvth rates of | NA- GEMS _

- tenperature range of INA- GEMrelative to the
parental strains

- site location and nearby crops

- plans for detecting possible off-site
di ssem nati on. ™

y to crops and native
tggwgrogosed test site)

(Betz, 1985)
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In April and June 1985, AGS submtted approximtely 300
pages of results fromexperiments they had conducted and a
footnoted narrative concerning the conpetitiveness issue.
The bulk of AGS's EUP support materials covered three

i ssues:

** toxicology of P. syringae and P. fluorescens
** pathogenicity of the organisns for different plants, and

** role of P. syringae effects on rainfall patterns

EPA staff did not use any formal techniques (e.g.,
statistical methods, sensitivity analysis, decision
anal ysis) to analyze the vol umnous data AGS supplied.
Because experinmental conditions were not uniformally
supplied by AGS, EPA asked AGS for sone specific protocols.

On the basis of this informati on and extensive
discussions within HED, M. Betz drafted a prelimnary
scientific position based on information at hand and the
potential risks fromthe test HED identified. Wen
fundaj nental interpretative questions arose, M. Betz
requested coments fromthe special SAP subpanel nembers at
their quarterly neetings. SAP subpanel nembers based their
coments on the entire AGS data package. A few additiona
experiments were requested by SAP Subpanel menbers. HED
transmtted these requests to AGS. AGS executed some of new
plant pathogenicity tests. It did not do any additional
experinments suggested by the Subpanel after Septenber, 1985.
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EPA encountered varied uncertainties in evaluating the
i nformation AGS provided. Two questions that were pivotal
to EPA's worst case scenario are the conpetitive fitness of
FROSTBAN vis a vis native INA microflora and the role of P.
syringae in atnospheric precipitation processes. The nature
of the uncertainties EPA faced are illustrated by EPA' s

treatment of these two scientific issues.

3. Conpetitiveness

Inits initial application, AGS argued that the
engi neered INA- nutants would tend to be I ess evol utionary
fit than naturally occurring mcroflora and therefore woul d
not spread off site. EPA staff, with the advice of the SAP
Subpanel , requested that AGS do experiments on young
strawberry and other plants, pitting a mxture of the wld
type I NA+ and NA~ bacteria with the purely INA- FROSTBAN
GEMs.  The results of the experinent showed that the
concentration of GEMs that col oni zed young, bacteria-free
pl ants depended on the relative concentrations of | NA- CGEMs
and | NA+ bacteria that were applied initially. The wld
type I NA+ P. syringae did not reproduce more actively than
the GEMs, nor did the GEMs outconpete the I NA+ P. syringae
on the experinental plants. (Advanced Genetic Sciences
Experinmental Use Permt application and support data, 1985)

This result could be interpreted in divergent ways. It
could indicate that the AGS contention that GEMs were

inherently less fit than wild type plants was erroneous. It
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could reflect the simlarity of the GEMto the wild type
m crobe, buttressing the AGS contention that genetically
engi neered FROSTBAN behaved identically to the parental
m crobes. The experiment itself could be criticized as
i rrel evant because the greenhouse test systemdidn't reflect
fluctuations of noisture, tenperature, and |ight that have
been reported to dramatically effect colonization behavior
of the parental strains. (G oss, 1984)

Addi ng conplexity to AGS greenhouse test system woul d

not guarantee that natural ecosystem behavior woul d be well

nodel ed. If the AGS test data is indicative of the behavior
of INA- CGEMs in field conditions, one could deduce that
di spl acement of I NA organisms on uncol oni zed vegetati on
depends primarily on the concentration sprayed. This is
consistent with an extrapolation that spraying a 100% | NA
P. syringae preparation on a plot of uncolonized vegetation
woul d result in substantial displacenment of natural |NA
popul ations. This data is also consistent with an
extrapol ation that INA~ GEMs are unlikely to displace I NA
P. syringae if a low concentration of FROSTBAN is sprayed on
areas wth normal concentrations of native |INA bacteri a.
HED di d not develop a testable standard by which to
eval uate the conpetitive fitness experinents before they
received the information. Faced with anbi guous data that
could be interpreted in divergent ways, HED apparently used
the followng inplicit criterion for evaluating the

experi nent:
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“If the INA GEM di spl aces the native INA

acteria Ho th™ extent. that there a{P
uncti ona bact eri a, adverse e ects can

ensue.

(Betz, 1985)

Enbedded in this criterion is a concept of ecol ogical
functioning depending on a threshold | evel of | NA organisnms
present. Alternatively, intact ecosystemfunction could
depend on the percentage of |INA bacteria available in a
system No information was presented by AGS to suggest the
exi stence of thresholds for ecol ogical functioning.

Ecol ogi cal function were not explicitly defined in the
anal ysi s.

It seens that the ecol ogical function framework for
interpreting the conpetitive fitness data was based on
t oxi col ogy concepts or regul atory needs, rather than
ecol ogi cal data or theory. Use of alternative assunptions
with the same data coul d have yiel ded a different

interpretation of the AGS conpetitive fitness experinents.

4. Weat her

As early as 1974, scientists suggested that ice
nucl eation coul d be induced by P. syringae. (Mki, 1974)
By 1978, Lindow established that INA"A P. syringae were
present in a wde variety of agricultural crops and coul d
provide nucleation sites to initiate frost danage. Mki and
W |1 oughby extended this notion to atnospheric processes in
an article "Bacteria as biogenic sources of freezing
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Nuclei." (Maki, 1978) Since 1982 Dr. Russell Schnell has
anmplified the possibility that | NA+ bacteria could be

instrumental to natural atnospheric droplet formation in
popul ar science magazines as well as in scientific journals.
(Schnel |, 1983, 1984) Dr. Schnell is consultant to the
National QOcean and Atnosphere Administration (NOAA). His
stated views on potential changes in precipitation from

wi despread application of INA~ P. syringae were a |ynchpin
in the FET's successful suit against the Departnent of

Heal th and Human Servi ces.

EPA staff contacted Schnell by phone to obtain his view
on the AGS proposed EUP test.H s reply suggested that there
was no substantial risk of climatic nodification fromAGS
proposed test because of its small size (0.2 acres). He
remai ned concerned about the potential inpact of a wde
scal e comrercial programto reduce INA P. syringae on
agricultural plants. Schnell discussed his scientific
position in a Science article, "EPA Approves Field Test of

Altered M crobes. "

"There is no proof that decreasing the
poPuIatlon of (unaltered P. Syringae) on plants
aftfects precipitation. There is substantial
circunstantial evidence that such a relationship
m ght exist, but the science "is yerY | oose and
very shaky right now. " Schnell said that he has
"no concern' about this @ﬁrtlcular experi ment
given its small size. "What concerns nme is
sprayi ng hundreds of square mle plots. W need
to do sone better nodeling.” (Schnell, 1985)
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One reason Schnell may have suggested nore nodel i ng of
preci pitation processes could be his professional
orientation as an atnospheric scientist. Another is the
present unavailability of an instrunent that can reliably
detect small ice nuclei in clouds.

Schnel | ' s proposal that nodeling be done as a surrogate
for experinentation to supply a theoretical answer runs
contrary to time-honored experinentalist traditions in
bi ol ogi cal and physical sciences. Dr.Lindow, who also
specul ated on possible role of P. syringae in atnospheric
precipitation formation, criticizes Schnell's concern
because no experinmental research has been done to support
It. Lindow suggested that NOAA could try sajnpling in the.
atmosphere if there was sufficient scientific interest in
t he question of whether P. syringae were quantitatively
i nvol ved in atnospheric ice nucleation and raindrop
formation. (Lindow, 1986)

Rather than try to resolve the controversy on the
necessity for experinmental evidence to establish the role of
bacteria in a physical process, EPA HED confined its
attention to the question of risks of climte nodification
fromthe proposed 0.2 acre test. EPA did not request
additional scientific data fromACS on this subject, only
addi tional opinions from SAP Subpanel neteorol ogist Randol ph
Borys.

The use of sources of scientific information not subject

to peer review surfaced briefly in EPA"s consideration of
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the AGS EUP. The FET had used AGS marketing publications and
articles from popul ar publications such as Science News in
its comrents on the AGS EUP. AGS had al ready rel eased

SNOMAX, a bacterial concentrate of conventionally sel ected
INA + P. syringae sold to inprove the efficiency with which
artificial snowis made. AGS 1984 Annual Report states

" SNOVAX wor ks because the bacteritimfrom which

it is made, Pseudonpbnas syringae, is an
extremely effective nucleator of ice crystal
formation. \Wen SNOVAX i s added, water changes
fromthe liquid to solid state nore rapidly and
at hi gher tenperatures than non-nucl eated water,

(AGS, 1984)

It isironic that the marketing literature for SNOVAX
provi des circunstantial supportive evidence for the FET' s
scientific contention that P. syringae can play an inportant
role in ice crystal and raindrop formation in natural
at nospheric settings.

EPA HED di d not consider SNOVAX' s properties as
described in AGS annual report to be as useful a source as
the solicited opinions of Schnell and Borys. Fromthe
anal ysis of the weather issue, EPA concluded that there is
no evidence that links potential decreases in terrestrial
| NAP+ P. syringae concentrations with decreases in natural
rainfall. Wile inconclusive, the evidence from AGS
marketing literature suggests the plausibility of changes in
at mospheric ice nucleation activity if anbient
concentrations of INA+ bacteria are altered substantially.
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D. Presentati on

The prelimnary HED anal ysts' reviews were done on FlFRA
pesticide registration review forms. The conposite
scientific positions prepared by Betz were not based on

standard EPA reporting formats, but organi zed around the

wor st case scenario. The conments from other offices in EPA
and other agencies were in the formof half page letters,
general |y indicating support for HED s position.

In July 1985, EPA requested public conments on the AGS
EUP in the Federal Register. Like other agencies, EPA had
to note and respond to comments it received before arriving
at its final decision. The views of groups hol ding
alternative opinions in the issues in HED s scientific
analysis (e.g. FET) were included in the formof questions
directed to the specific SAP Subpanel and AGS.

E. Deci si on Process

In Septenber, OPP Director Steven Shatzow asked the SAP
to reviewthe HED s scientific position on the case. Each
SAP menber submitted an independent witten review of the
HED position and the adequacy of AGS supporting materials
to the Subpanel chairman or Phillip Gey, the SAP Executive

Di r ect or.

The tone of the reviews differed substantially between

different reviewers. Janmes Tiede offered praise for AGS and
HED s analysis. Martin Alexander said that sections of the
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AGS EUP "showed an inadequate understandi ng of ecol ogy."
(Al exander, 1985).

Ent onol ogi st Robert Col wel| described additi onal
concerns that had not been dealt with: potential dispersa
by honeybees, and potential pathogenicity to the ancestra
wild strawberry plants found only in Mnterey County,
California. Mst of the reviewers supported doing the test.
Two reviewers, Colwell and Al exander, said they did not
think their remaining concerns (after EPA HED s review
warranted further delay of the field test.

In addition to these witten opinions, SAP nenber
Randol ph Borys was called by OPP Director Shatzow to clarify
his position on the FET's contention that P. syringae were
i nvol ved in atnospheric precipitation. In Cctober, Phillip
Gey, Executive Secretary of the regular PIFRA SAP, conpiled
the responses and drafted a formal letter to OPP Director
Shat zow i ndicating that the SAP Subpanel supported HED s
position that the proposed field test was environmental |y
beni gn.

A formal decision nenorandum suggesting approval of the
AGS EUP was drafted by HED with assistance fromEPA Office
of General Counsel attorney Pat Roberts. This draft
mermor andum was transmtted from Betz through Ary Ripson,
Chi ef of HED, to OPP Chief Steven Shatzow. Rather than

presenting nultiple decision options, the consensus
recomendation of the staff and the SAP, approval of the
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EUP, was presented in this menorandum along with argunents
rebutting anticipated argunents.

On Novenber 6, 1985, Steve Shatzow transmtted the 7
page decision nenmorandumto EPA Assistant Admnistrator for
Pestici des and Toxi c Substances Jack Moore. The thrust of
t he deci sion docunent sent from OPP Director Shatzow to Jack
Moore was that because of the absence of clearly
dermonstrat ed weat her nodification, human pathogenicity, or
pl ant pathogenicity hazards, EPA's SAP staff, other federal
agencies and the special Subpanel all reconmended approval
of the AGS EUP applicati on.

On Novenber 8, 1985, Assistant Adm nistrator Jack Mbore
approved the decision nenmorandum and the EPA granted
permssion to AGSto pursue the field test. Inits letter
to AGS, EPA recomended the test be conducted in a renote
area and that AGS acquire the appropriate permts fromthe
state governnent agency with responsibility for such tests
in California, the California Departnent of Food and
Agricul ture.

EPA officials fromHED and the O fice of Research and
Devel opnent visited the proposed test site on Decenber 12,
1985 and approved its use by AGS. ORD was represented in
order to ascertain requirements for the aerial nonitoring
programit had planned for the test. Apparently, the
proposed test site was |ocated on an inactive farmnear a
residential suburban area in the nost densely popul at ed
quarter of an agricultural county (Mnterey). An indirect
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confirmation that the site was in a higher density area is

found in subsequent EPA EUP requirenents that AGS:

1) notify all contiguous property owners, and

2) obtain the approval of sone adjacent property owners to
monitor off site dispersal of the GEMs on their

property.

F. UWility of Information Processing
1. Resolving Different Types of Uncertainty

The EPA review process used data fromscientific
experinents and expert opinion to resolve nost of the
scientific questions that arose in the case. The
conpetition between INA and | NA bacteria question was
resolved by interpreting greenhouse test data AGS provided.
The weat her nodification uncertainties were resolved by
usi ng the expert opinions of the SAP menber.

A third type of uncertainty arose in the course of EPA's
analysis of the reliability of the information provided by
the applicant. Wth regard to off site transport, there
were di screpancies between the data and argunments AGS
subm tted and published scientific evidence on popul ation

dynam cs of P. syringae.

M. Betz told the SAP:

"So we don't see any conpel ling reason to expect
that it would not survive and replicate. W are
aware that AGS has submtted infornmation show ng
a decline of the mcroorgani snms after .
application....we don't think the data provides
concl usive proof that all the organisns


NEATPAGEINFO:id=5EFC37D1-9E90-4458-9E57-F3CF69A58547


37

necessarily died. They do appear to have been

reduced to |ower |evels but dep endlng P
envi ronmental condi ti ons, |t IS concelfvbtbl e that

popul ations woul d rebound. " (Betz, January 1985
SAP transcript)

Anot her indication of the potential for unreliable
i nformation was a subsequent enforcement action against AGS

In which the conpany was fined for not accurately reporting
experinental conditions. (EPA 1986)

A fourth type of uncertainty raised in EPA's reviewis
the potential for different interpretations of the same
i nformation based on different assunptions or scientific
model s.  For exanple, EPA's treatment of the weather issue
rested on current nodel s of atnospheric precipitation

formation as much as on enpirical evidence.

M. Betz viewed the scientific questions of GEM
identity, non target plant pathogenicity, and conpetitive
relationships as being due to inconplete data, rather than a
result of unreliable data, conflicting information, or the
I nadequacy of available scientific paradigms. Accordingly,
provision of scientific data resolved the uncertainty he and
other EPA staff identified. Had the HED anal ytic team
determned that the scientific uncertainties were the result
of unreliable information or inadequate scientific
expl anation, the provision of nore data by the applicant
woul d not have resolved the perceived uncertainties.
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Wthin HED, differences of opinion were resolved through
I nformation consensus process anong technical staff nenbers.
Di fferences of opinion anong SAP menbers were not di scussed
or resolved. Menbers independently submtted their reviews
of the adequacy of the AGS EUP to part of the decision
menor andti m Stapzow sent to Assistant Adm nistrator More.
The questions Colwell and Al exander had were "absorbed" but
not explicitly resolved by the Chairman of the panel. This
suggests that mnority opinions, while solicited did not

dom nate EPA's analysis of scientific effects.

2. Inportance of Scientific Information

Fromthe start, it seens that the fraoning of scientific
questions that were the basis for EPA's regulatory analysis
of the AGS case reflected political and |egal pressures on
the agency fromthe FET. For exanple, the presence of a
met eorol ogi st on the SAP is an indication the inportance of
t he weat her nodification scenario contained in the FET suit
that bl ocked the proposed test by Steve Lindow. At |east
for potential ecological effects, |egal pressure was
I nportant in gaining consideration in EPAs analysis. The
anal ysis of acute toxic effects could be attributed to the
orientation of FIFRA towards acute health effects on humans.

Mat ching the lists of itens discussed by HED and the SAP
wth the initial list conpiled by EPA HED shows snal
changes in identified uncertainties and issues follow ng
EPA's HED s initial information acquisition and anal ysis.
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Mere inspection suggests that the mass of information
obtai ned and prooessed by EPA did not substantially dispel
many areas of scientific uncertainty. Presumably, the
function of the information obtained was not limted to the
reduction of scientific uncertainty. An additional function
of the requested information could be to provide a public,
"objective" basis for justifying regul atory decision-
maki ng.

EPA officials contacted in the course of this research

contend t hat:

1) EPA has collected a vast anount of scientific

infornmati on

2) the science is very well "pinned down", and

3) Public perception and politics are very inportant to
determ ning whether the field test can be executed.
(Betz, 1986)

M. Betz felt that the scientific and technol ogi ca
information was extrenely influential in the final decision
reached by EPA. By contrast, More viewed the final
decision as in the court's and piiblic's hands. Accordingly,
he said that scientific and technical information was
relatively uninportant in the final decision of society.
Thi s suggests that senior decision-makers have a different
perspective on the role of scientific information in
regulatory risk analysis than policy anal ysts.

Scientific and technical information are frequently
| unped together by non-scientists. EPA's review focused on
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scientific rather than technical issues. For exaanple, EPA
did not assess the techniques AGS devised to nonitor off
site dispersal worked. Engineering devel opment needed to
obtain scientific data on atnospheric ice nuclei conponents
was not assessed by EPA.  Finally, engineering controls of
the Pseudomonas in the field during a test was not discussed

by EPA —only the scientific question of whether
substantial off site colonization and weat her nodification

could occur. In short, relevant technical information was
not acquired, analyzed and presented as part of EPA's
deci sion making for the AGS case.

In summary, it seens that neither scientific nor
technical information obtained in EPA's analysis were
critical to resolution of the uncertainties posed by the AGS
EUP. EPA used the expert opinion of the SAP Subpanel but
relid heavily on the consensus of its staff. Though the
anal ysi s had el ements of worst case anal ysis, evidence was
not always interpreted conservatively. Wile many profound
scientific questions were asked, the criteria used to

eval uate the avail etbl e evidence were not clear and coul d bhe

used to justify a prior outlook that the field test was
beni gn.
In the next chapter, the issues raised and the processes

used by California's state government to review the proposed
AGS test will be detail ed.


NEATPAGEINFO:id=D1D4577B-EEC6-4B2F-9C7C-FE0B3BC55D36


BEATATAN IEATATATATA SANNANNAN ?--rtftalt«

. DESCRI PTI ON OF SCI ENTI FI C AND TECHNI CAL
I NFORVATI ON PROCESSI NG AT THE CALI FORNI A
DEPARTMENT OF FOOD AND AGRI CULTURE

A Backgr ound

This section reviews the approach utilized by the
California State Departments of Food and Agriculture to
assess the safety of the proposed AGS experinment. Special
attention is given to the information sources used and how
key risk assessnent questions were frajned, explored and
resolved. In conparison with nost state prograns,
California has an elaJDorate and well staffed environnental
protection apparatus. The California Department of Food and
Agriculture (CDFA) has the |argest pesticide registration
anal ysis staff of any state in the the United States. There
are cases in which EPA has registered chem cal pesticides
t hat CDFA has not approved for use in California. The root
of this independent capability is a close working
rel ati onship between CDFA and the substantial commerci al

agricultural constituency it serves.

Pol i cy Devel opnent
In the sunmer of 1984, the California Assenbly asked the

Assenbly O fice of Research (anal agous to the Congressional
Research Service) to investigate the authority available to
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California to regul ate the emergi ng bi ot echnol ogy i ndustry.
An interdepartnmental state Biotechnol ogy Wrking Goup was
forned to address any regul atory issues. This Wrking G oup
had representation fromthe public, industry, and state
government. This Wrking G oup decided that al

agricul tural biotechnol ogy products, (including m crobes,

pl ants, and animals) would be regul ated by CDFA either
within the existing pesticide or "exotic species
inmportation" franmework. This reginen neant that the
California Departnment of Food and Agriculture (CDFA). rather
than the California Departnment of Environmental Quality
woul d have regul atory authority for nost anbi ent environnment
bi ot echnol ogy applications. Applications outside CDFA s
purvi ew such as sewage treatnent systens, oil and ore
recovery applications, and artificial snowraki ng could be
regul ated by California' s Departnent of Environnment Quality.
Li ke EPA, CDFA decided to assess specific regulatory issues
on a case by case basis rather than in advance. No staff
additions were nade to aid in biotechnol ogy regul ati on.
(Rosenburg, 1986)

Conpani es intending to test genetically engineered crops
or mcrobes for agricultural purposes in California nust
first obtain federal approval from EPA. They nust al so
obtain a research use and a transportation permt. The
research use permt is a simlar but |less formal procedure
t han pesticide registration which governs wi de scale

commerci al usage of new substances. (Goldberg, 1987) The
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transportation permt is analagous to the USDA's Anima
Plant Health Inspection Services (APHS) permts required
for inportation of new pathogens into the United States.

B. Tﬂgp%gprtation Per m t Aﬂglysis: -Vﬂ%t i f the product is

sed en route to t est si
Dr. Don Koehler, the individual who coordinated the
research use permt review, was not available during the
period in which the California interviews were conducted.
Accordingly, COFA's transportation permt review w !l be
used to help illustrate the California's approach for

anal yzing risks for the proposed AGS field test of
genetical |y engineered I NA- bacteria.

1. Search Process

In md- Novenber, Dr. Conrad Krass, a senior nember of
the Division of Plant Industry Pesticide Registration Branch
CDFA Anal ysis and Identification unit, was given the task of
anal yzing AGSs' request for permts to transport plant
pathogens fromAGS's lab facility in Cakland to a nunber of
potential field test sites within the state. The Analysis
and ldentification unit has historically had two
responsibilities: first, identifying organisms brought to
the departnment by growers or county officials who fear them
to be harnful. The second responsibility is to do

assessments of inpacts of potential new pests to California,
and make recomendations on how to alleviate possible
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probl ens. Thus there is a sense in which the regulatory
questions posed in the AGS case were routine for the
Anal ysis and ldentification Unit. Formal CDFA
transportation permt analyses typically entail:

1. a literature review

2. an exotic pest profile covering its history,
distribution, hosts, nethods of detection, nmethods of
control, and

3. maki ng recomendations for CDFA action.

Dr. Crass's analysis of AGS EUP transportation safety
was expected to take two weeks. He expected that the most
questionabl e information woul d be which crops could be
i nfected by pseudononas syringae in each affected county.
In contrast to the registration analysis which fooussed on
P. fluorescens. this analysis' focus was on P. syringae. a

docunent ed pl ant pat hogen.

Sources of Information

The first information sources provided to the Analysis
and ldentification unit was the AGS EPA Experinental Use
Permt (EUP) application. Second, Crass used the Pesticide
Registration Branch's extensive in house files and |ibrary.
The library was used extensively because there is a great
deal of information in the plant pathology literature
concerning P. syringae's interaction with comercial crops.
Third, Crass used the Dialog conputer-based information
retrieval service to do an exhaustive literature search on
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the organisns in question. The fourth source of information
used was a group of University of California scientists.
These were sel ected because they had expertise on certain
plants' pathol ogy These consul tations were conducted by
tel ephone; no witten confirmtion nenos or letters were
produced for inclusion in the COFA records for the case.
The last information source utilized was AGS. AGS provided
addi tional experimental results to CDFA scientists to assess
the pathogenicity of the genetically engineered INA- P
syringae on non target host plants of commercial inportance.
In eval uating the useful ness of these information

sources, Crass rated themas foll ows:

Tabl e 3
I n- house files Very usef ul
Scientific Literature:
Li brary-accessed Very Usef ul
Di al og- accessed \S/g%muztef lljlsef Ul
AGS EUP ApPl il cation : : Sonmewhat usef ul
Univ. California experts discussion

(phone accessed)

Crass reported that the AGS information search process
fol lowed his typical pattern with two exceptions. Dialog
was consul ted because needed information was unavail abl e
through other sources (not because of possible time savings
through use of the database service). The AGS experinents
were anal yzed because the scientific literature did not
di scuss AGS s engi neered strain.
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2. Anal ysi s Processes

For the purpose of evaluating potential risks to
comercial agriculture in California, an accidenta
transportation release of the entire quantity of ACS
product was considered. Since Crass assumed that standard
transportation control practices woul d break down away from
the proposed test site. Gass's analysis could be construed
a worst case contingency analysis. Wrst case was |imted
to the experinental P. syringae leaving the site,
estetblishing colonies, and infecting various comercial
plants. Crass did not consider possible effects on non
conmercial non target species of plants and animals, |oca
ecoosystem function, ranges of tenperature sensitive
species, or precipitation. There was no attenpt to quantify
the risk assessnent.

Froma disciplinary perspective, the main informtion
sources used by Dr. Conrad Krass were, in order of
i nportance: plant pathology, mcrobiology, and the ecol ogy
literature for the two parent strains of ACS test product.
Crass viewed little of the information he obtained as
uncertain. The greatest perceived uncertainty concerned the
host plant range of the AGS P. syringae strains. To resolve
these questions. Crass requested that AGS or the University
of California at Davis performadditional host range studies
in which the parent strain, the engineered INA- nutants, and
a known pathogen of the same species are tested on different
host trees. These experiments provided evidence that
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alleviated Crass' perceived uncertainties. Qher than
scientific judgement in interpreting these tests, no special
anal ytic procedures were used to evaluate risks covered by
the California transportation permt. Crass assuned

t hroughout his analysis that the behavior of the AGS
products in the field should closely resembl e the behavior

of the parent strains.

3. Presentation of Scientific and Technical |nformation

The conclusion drawn by Crass were presented in a
handwitten, half page meno to CDFA attorney Sharon Dobbins,
In this nmeno, he suggested that the permts be approved.
There was an understanding that decisionnmakers wanted a
single recommendation rather than a detailed presentation of
different options. Crass does not believe that any
techni ques are nore successful than any others in conveying
scientific or technical information or uncertainty. He
believes that prior attitudes color the reception of
uncertain scientific information on pesticide risks. "How
you say it doesn't matter. Sonme people are against all new
pesticides." (Crass, 1986) In early December, M. Dobbins
sent a letter to AGS formal |y approving permts to transport
both AGS INA- species to twenty six counties in the northern
and central parts of the state. (Dobbins, 1985)
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C. CDFA' s Experinental Use Permt Review
Scope of CDFA Revi ew

Dr. Tobi Jones, Acting Branch Chief of the Pesticide
Regi stration Branch, was responsible for managing the review
of the AGS application for the experinental use permts.
VWhen the review process started, the three scientific and
technical questions she identified as having the greatest

uncertainty were:

1. how could quality control be maintained for the

bacterial agents,

2. how coul d humans be nonitored for whether any of the

bacterial agents had infected thenselves, and

3. what the main areas of scientific safety questions

were for engineered m croorgani Sis.

In accordance with CDFA's interimpolicy on regulating
bi ot echnol ogy products, Dr. Jones decided to spread the
review of the application to a number of technical experts
In CDFA and other departnents. Three alternative
definitions of the potential hazards from FROSTBAN were

considered initially:

1. What is the human pathogenicity of the AGS strains?
2. Wat are the risks of environmental contam nation?

3. What are the plant pathogenecity risks?

Rather than participate in the conponent analyses of the
scientific and technical questions analyzed to assess the
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safety of the proposed test, Dr. Jones reviewed its

concl usions, concurred, and presented themto higher
authorities in CDFA and outside groups. Dr. Jones

desi gnated DPRB staff menber Don Koehler, a plant
physi ol ogi st, to coordinate the technical review and devel op
a conposite position and reconmendation on the AGS
application. (Jones, 1986)

1. Search Processes

The primry responsibility for devel oping coordinating
the technical analysis of the safety of AGS' test product
and devel oping a CDFA position fell on Dr. Don Koehler, a
senior Plant Physiologist. Dr. Koehler requested coments
on the EUP data package froma select group of individuals
In CDFAs Division of Pest Managenent and the CDFA
Bi ot echnol ogy Working Goup as well as representatives of

the California Department of Health Services, and the State
Wat er Resources Control Board. Koehler asked reviewers to

address "Wether there will be environnental or health
hazards presented by the proposed small-plot testing on
strawberries, the significance of any such hazards, and
whet her they can be mtigated." (Koehler, 1985) Each of
these groups were represented on the state Biotechnol ogy
Wrking Goup. The disciplinary backgrounds of these
reviewers included mcrobiology, toxicology, industrial

hygi ene, entonol ogy, bacteriology, water pollution, and
wi | dlife biology.
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2. Anal ysis

Heal th Department M crobiol ogi st Paul Duffey noted that
P. syringae has never been a human pat hogen and that P.
fluorescens is only an opportunistic human pathogen.
Qpportuni stic pathogens are m croorgani snms that can
adversely effect certain hosts only when the hosts, e.g.
humans, are in a weakened condition due to other infection,
burns, or other traunma. Mst reviewers concurred with this
characterization of the test strain's parents.

Duffey surmsed that a high but indetermnate dose of P.
fluorescens was required to initiate human infection because
few variants naturally grow at human body tenperature. He
suggested a set of chem cal and physical controls to protect
applicators frombreathing in a potentially infectious dose
of P. fluorescens. The recommendations for worker
protection included use of a specific type of respirator,
procedures for chem cal decontam nation of clothing and
equi pment, and a requirenment for nedical nonitoring of the
applicators. Harvard R Fong, an Environnental Hazards
Specialist in the Wrker health and Safety Branch, anplified
on Duffey's recommendations, suggesting specific coveralls,
gl oves, bhoots and goggl es be used by applicators involved in
the test. (Mengle, 1985)

Et ynol ogi st Arun Sen suggested the desirability of
conducting experimental trials with beneficial insects to
examne the effects of using the AGS product on insect

pests. Mcrobiologist H Daoud, and J.F. Rensen, a
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toxicol ogi st, requested that AGS do quality control tests to
assure that the experimental innoculumis the one identified
in the docunentation and is viable. An Environnental Hazards
Specialist in the Medical Toxicology Branch of CDFA, T.E
Esser, suggested that a contingency plan be devel oped for
early termnation of the experiment in the event that the
organi sms behave as pests. Lesser, Renen, and Daoud
suggested AGS performadditional tests, that would be
desirable but would not required. (Mengle, 1985)

In his review Dr. Remsen noted "the question of
environmental inpact needs to be addressed by the
appropriate evaluators.” The California Fish and Wldlife
reviewer, John Shelgan, felt that there would be no adverse
effects on nontarget fish or wildlife fromthe test.

(Shel gan, 1985) Division of Water Quality Pollutant

I nvestigations Branch Chief Dr. David Cohen was concer ned
about possible drift or discharge of the test bacteria to
the surrounding water bodies. He asked that aquatic
toxicology tests be performed prior to large scale field
testing. (Cohen, 1985)

3. Resolution of Ambiguity and Conflicting Scientific

| nterpretations
Dr. Koehler quickly devel oped a regul atory position on
the test that integrated most of the reviewers' contro

suggestions but not the proposed experimental questions. On
December 12, Koehler sent a nmemorandum supporting approval
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O the EUP to Dr. Jones in which he responded to individua
reviewer concerns. For exanple, in regard to two reviewers'
questions about quality control, Koehler noted that "each
batch of bacteria nust be grown up fresh and used

i mediately, since it is not stable...There is no reason to
expect that contam nation would occur in this preparation,
when it has never been seen to be a problem previously."
Responding to the question about the test's effect on

beneficial insects, Koehler said,

or the nns% B B Pese es of dah
(q uestions about bene |C|a nsects) have to do
with |arger sca e testlng or a Sectlon 3
reglstra ilon of this produc osure, to
I nSect s, vwldllfe or bodles of ter wl
extrenely snaII since considerabl e recautlons
are beln? taken’ to prevent off-site novenent,
and nmoniforing wl be conducted to check for
this. (Koehler 1985)

At the conclusion of the two page nenorandum Koehl er
recommended that the state EUP be approved with requirements
for protective clothing for applicators, medical monitoring
of applications, and devel opnent of a plan for early
termnation of the experinent. Koehler's resolution of the

proposed experinental questions brought out in the reviewis
consistent with the theory that policy analysts "absorb

uncertainty.”
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4. Decision Qutcomes: The CDFA EUP Paper Trace
On the sane day (December 12), Koehler sent a letter to

AGS Field Engineer Steven Cull approving California
experinental use permts for the P. syringae and the P.
fluorescens. The permts were subject to the fol | ow ng

condi ti ons:

1. Personnel from CDFA and the Mnterey County
Agricul tural Comm ssioners Office were to be present as
observers when the application of the bacteria i s nade.

2. A contingency plan for the termnation of the
experiment and destruction of the treated vegetation shoul d
synptons of disease or toxicity attributable to the
treat ment occur be inplemented.

3. Specific recomrendations for worker protection
devel oped by the department of health services for medica
monitoring and protective clothing and equi pment shoul d be

f ol | onwed.

4. EPA EUP conditions be followed, and all reports sent
to EPA concerning the results of the experinent be sent to
CDFA.

5. The Mnterey County Agricultural Conmmi ssioner, Dick
Nutter shall be notified five days before the test and
invited to be present at the test. (Nutter is an enployee
of CDFA, under the Division of Plant Industry, and not of

the Monterey County to whomit also has responsibilities.)
(Koehl er, 1985)
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The alacrity with which Koehler responded to the AGS
request after he conpleted his analysis, usurping one of
Jones' titular responsibilities, suggests that there may
have been some undocunented pressure to render an expedited

approval .

5. Oganizational Factors that Influenced CDFA's Process

Dr. Jones indicated that what made the AGS EUP process
organi zational |y atypical was the use of Koehler's specia
review commttee with menbership outside of COFA. Wile
there was no precedent for handling genetically engineered
m crobial pesticides, the CDFA had al ready devel oped a
procedure for such situations. This protocol used existing
| egal standards and required solicitation of (but not
adherence to) scientific judgments of extramural (out of
CDFA) reviewers.

Seni or management at CDFA did not intervene in the
scientific information search process by working as team
menbers, nonitoring information gathering, or providing tips
on possible sources. Wen the staff presented its findings
to senior managenent, there was informl oral questioning.
Despite interdepartmental conmunication at the higher
"policy level" in developing the COFA protocol for dealing
with genetically engineered agricultural products, the in
state transportation risk analysis was done by one person
W thout input fromother scientists inhis unit or the

health department. This type of relatively cursory review
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IS anal agous to the type of review that USDA's APH S does
for transportation of exotic plant inports.

In contrast, the analysis in support of the California
research use permt, analagous the federal EPA EUP, had
input fromfour different departnents who conducted
| ndependent anal yses. This type of review can be
characterized as a conposite review. It was not truly
interdisciplinary, because no attenpt was made to facilitate
two-way di scussions between people in different fields. The
pauci ty of consideration of broad environmental inpact
questions may stemfromdifferences in public participation
between the CDPA Research Use permt process and the EPA EUP

process.

As senior decisionnaker on this issue. Dr. Jones

indicated a detailed presentation of different options for
modi fications of the permt would be |ess useful to a single
recommendation. No attenpt was made to replicate EPA'S
time-consumng risk analysis review process. \Wile EPA was
a primry source of information, extramural scientific
review by University of California scientists was used as a
"reality check" on EPA"s process outcome.

6. Evaluation of the Uility of Scientific and Technical

I nformati on

In terms of CDFA's decisions, Dr. Jones suggested that

three pieces of scientific information had the most weight
in the final CDFA decision to approve the permts: the
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mcrobial oonpetition data, the conparative plant
pathogenicity data, and bi ochem cal and taxonom ¢ anal yses
that indicated the simlarity between the AGS INA- bacteria
and the parent strains of P. syringae and P. fluorescens.
The scientific literature on the pathogenicity and
toxicology of naturally occurring p. fluorescens was
necessary, but not as inportant to her as these three
sources. Scientific and technical information, in contrast
to economc or political information, was described as
between noderately and extrenely influential in reaching
CDFA' s decisions by the CDFA personnel interviewed.

D. Conparison of CDFA with EPA
1. Conparison of Scientific |ssues

CDFA, |ike EPA was concerned with risks from nontarget
pl ant pathogenesis. CDFA's solicitation of extra
experiments by AGS. monitored by the University of
California at Davis, indicates that risks to comerci al
agriculture fromnontarget plant pathogenesis were nore
important to its decision than at EPA. Individual EUP
reviewers reiterated AGS arguments that its INA- strains
were competitively inferior, although data submtted to EPA
Showed conpetitive equality. Nevertheless, CDFAs independent
transportation permt review assumed |ocal domnation of
INA- strains and found no adverse effect. \Wile the absence
of conpetitive domnation by applied INA- strains was an
important fact in EPAs decision to authorize its EUP, the
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relative conpetitiveness was not critical to the state EUP
authorization, wth its nore limted view of potentia
hazar ds.

EPA reviewers did not comment on the potential for
changes in host ranges of beneficial insects, an indirect
ecol ogi cal balance issue. Wile a single CDFA reviewer
brought up this issue, Koehler said that the small scale of
the test obviated the need to assess it at this stage.

Thus, the small scale of the test was inportant to the

handling of different qualitative risk issues in the EPA and
CDFA permt review processes.

AGS Strain ldentity

The identity of the AGS strains posed a major question
for the EPA reviewers. EPA reviewers tended to treat the

AGS mutants as a new strain whose hazard they had to
evaluate. In contrast. Dr. Jones was inpressed by a high

| evel of simlarity between the AGS strains and the parenta
Pseudononas strains shown by a set of bacterial physiology
tests. Consequently, she felt justified in treating the AGS
EUP as a routine case with a high level of scientific

knowl edge about the behavior of the bacteria. EPA HED
personnel were not as confortable with this qualitative
measure of simlarity; consequently, they perceived the
scientific question of AGS organismidentity as nore non

routi ne.
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The greatest difference between scientific issues
considered in the the EPA EUP review and the CDFA review
concerned the issue of possible effects on precipitation.
EPA recruited an individual with a background in atmospheric
science to review the arguments. In CDFA, plant

pat hol ogi sts were responsible for obtaining information and
resolving the associated uncertainties. Both EPA and CDFA

contacted NOAA consul tant Russell Schnell by tel ephone to
solicit his views before rendering their final decisions.
CDFA required more controls than EPA to reduce potentia
risks of human infection fromapplying AGS P. fluorescens
strains. This may reflect the professional practices of
industrial health specialists represented in California's
review process, but not in EPA's. EPA's SAP suggest ed
selection of a renote site, a physical control neasure. By
contrast, CDFA added no additional requirements for site

sel ection. CDFA relied on chem cal bacteriacides as a

control neasure to conbat any untoward contingencies during

t he tests.

2. Conparison of EUP Review Processes

Despite the precedent-setting nature of the case, CDFA
treated the case, with a few exceptions, in a generally
routine fashion, enploying conmon processes to search,
anal yze, and transmt scientific and technical information.
By contrast, the EPA which also used an existing |egal
framework designed for chemcals and conventional |y selected
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organi sns, enployed a nore pluralistic organizational

process to anal yze scientific and technical information
related to the test. Perhaps as a consequence of these
organi zational process differences, CDFAs anal ysis focussed
on questions for which there was a high degree of perceived
scientific certainty. EPAs analysis, by contrast, focussed
on questions for which there was a high level of perceived
uncertainty.

The process utilized by CDFA relied heavily on the
separate, independent scientific judgement of in house
experts. Wile there was a fairly broad disciplinary spread
anong CDFA technical staff, few had any direct experience
with genetically engineered organisns, nor with the infant
art of "predictive ecology." Technical staff at CDFA availed
t hemsel ves of the resources of the University of California
Uni versity system which is strong in both plant ecol ogy and
genetic engineering. This reliance contrasts with EAA' s
nor e i ndependent process.

Qur review of the CDFA docunents and the interviews with
participants supports the view of a conpartnentalized,

I ndependent scientific analysis process that followed a nore
political policy setting process. It is also plausible that
the political policy process preceded the scientific
approval process and merely waited | ong enough for
validation of its prior decision to "fish" rather than cut

bait.
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CDFA consi dered the state Research Use Permt and

transportation permt with | ess public know edge and
participation than the EPA. One rationale is that the EPA
function of obtaining input fromthe public had already been
sufficiently treated in the previous phase of the process.
Perhaps as a result, CDPA's process operated nuch nore
qui ckly. Like EPA, CDFA required AGS to notify a public
body in the conponent jurisdiction in which the test was
proposed. Unlike EPA's requirenent that AGS notify CDFS,
CDFA's requirenent to notify County Agricultural
Conmi ssioner Richard Nutter did not provide Mnterey County
with an opportunity to independently review and potentially
reject the test proposal or site. As an Agricultural
Commi ssioner, Nutter is an enployee of the CDFA rather than
of the County, potentially conprom sing his independence.

The nost inportant difference between CDFA and EPA' s
policy regarding |ower government levels is probably there
there was no requirenent that the County governnent be
notified of the proposed test. The test could be legally
conducted in secret under existing California |aw and
regul ations in February, 1986.

At this point we will turn our consideration to
Monterey County, where the proposed test site was |ocated.
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I V. DESCRI PTI ON CF SCI ENTI FI C AND TECHNI CAL
I NFORMATI ON PROCESSI NG AT MONTEREY COUNTY

A. Background

The initial inpetus for Mnterey County's consideration
of the proposed AGS INA- field test was a petition tree
farmer Genn Church filed with the Mnterey County Board of
Supervisors on January 6, 1986. The petition asked the
County Board of Supervisors to look into the safety of the
proposed test site and consider |ocal regulation of the
experiment because of various unanswered questions. Church
and ot her county residents had been in contact wth FET
president Jereny Rifkin, who served as an information source
to the local group. Follow ng CDFA' s Decenber approval of
the California EUP and transportation permts, persistent
runors suggested that the site of the AGS test was the farm
of AGS field engineer Steven Cull. Cull's property was
| ocated near Castroville in the northern part of the county.
These reports were initially denied by AGS, CDFA, and EPA in
newspaper accounts.

Mark Del Piero is the Supervisor elected who represents
the northern district of Mnterey County where @ enn Church
lived and the test was expected to be perfornmed. He
suggested to Chairman Sam Karas that Monterey County find
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out definitively what was being contenplated and what coul d
be done about the situation. Karas called a nmeeting with

County Environmental Health Director Walter Wng and
Supervisor del Piero. Wng was asked to | ead a special
commttee that would quickly define the extent of the
problem if any, and determ ne what options are available to
the County to address it. The Supervisors requested a
report as soon as possible, preferably within one week.

Val ter Wong suggested that other county department heads
be represented on the special conmttee. Menbers were:
Agricul tural Comm ssioner Richard Nutter (a CDFA enpl oyee),
Director of Planning Robert Simmons, County Counsel Ralph
Kuchler, and Air Pollution Control Oficer Larry Qdle, and
Robert Melton, the Health Departnent Director and a medica

doct or.

Organi zational Factors that Influence Search Processes
As Environmental Health Director, M. Wng's primry

duties relate to toxic materials, food sanitation, solid
wast e and sewage, vector control and other public health
issues. \Wile the bulk of his department's work is
regul atory, special research projects are often undertaken
by the County Health Departnment. \Wng's time is split
bet ween adm nistration, research and anal ysis and

conmuni cati on.
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B. Search Processes

Wien he started his analysis of the situation, Wng had
no trustworthy information available on the test site
| ocation, acute health, environnental, or long term
ecol ogi cal inpacts fromthe proposed test. Because of the
enmotional inpact of the topic in the County, Wng indicated
that it was very inportant.

M. Wong was individually responsible for defining the
I ssues posed by the experiment. He defined five classes of
potential adverse effects to consider: agricultural inpact
from unanticipated pathogenesis of crops, (agriculture is
very inportant to Monterey County, 90% of iceberg |ettuce
grown inthe US is fromNMnterey County), htiman health
I npacts, ecological inmpacts, financial liat)ility for
unanticipated effects, and the lack of local input to
deci si on- maki ng.

Prior to undertaking the process, Wng consi dered
hinmsel f to be very know edgabl e about pesticides and quite
know edgabl e about the field of genetic engineering. The
press was a major source of information about the issues in
the initial phase of the investigation before Mnterey
County's public hearing.

At the outset, the types of technical information that
seened to have the greatest potential for being uncertain or
questionable for reasons of conflict of interest were the

fol | owi ng:
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- identity of bacteria being tested
- availability of assays for nonitoring the field tests

- safety of tests
- bacterial pathogenicity (long term.
A number of organizational questions also seemed quite

uncert ai n. These i ncl uded:

- what organization woul d performthe tests;
- whet her the federal government could regulate genetic
engineering if it cannot adequately monitor the

environment for the presence of the bacteria;
- whether the state needed information fromAGS to do

its nonitoring;
- what the legal options of the county were and
- when the proposed test woul d begin.

Sour ces of Technical | nformation

The first organizations contacted by Wng in his effort
to assess the significance of the proposed AGS experiments
were the EPA and CDFA. These contacts were by tel ephone.
The second source of information was published documents in
peer reviewed science journals. Along with them the
Commttee examned |etters to editors in science journals
comenting on the devel opment of the field of reconbinant
DNA and the potential hazards associated wth outdoor
applications of biotechnology. Wng received initially
unsolicited input froma loose knit network of private
citizens in Mnterey County who opposed the test. The |ast
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source of information Wng tapped prior to the public
heari ng was the Foundati on on Econom ¢ Trends.

The first information acquisition node, phone
Interviews, was selected to save time and energy. Federal,
state and industry sources were contacted. Initially, these

sources refused to release information to the Health

Departnment on the grounds that it was proprietary to AGS.

In addition, EPA and the state of California were of the

opi nion that Mnterey County had no | egal interest in the

case.

The second scientific and technical infornmation source,
the published literature, was considered "not very useful"”
because the Conmttee needed decision making criteria for
eval uating environnmental releases. Scientific articles did
not deal with such regulatory questions. Wng suggested that
one can only obtain opinions on decision nmaking criteria in
person and on the phone. The scientific literature did
suggest that the bacteria could be transported off a test
site. There was no time for in person visits to any
i nformation sources prior to the January 14 hearing.

The third source of information was the press. Wile
the press did not provide technical information on the
organi sms, the press used its resources to corroborate
previously unsupported runmors relevant to the test site and
test date. For instance, an initial runor, that the test
was planned for the Castroville property of AGS Field
Manager, Steven Cull, was corroborated by matching an EPA
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map of the test site with Salinas, California obtained with
an aerial photograph of the property. The expense involved
i n corroborating such useful information would have been
prohibitive for the county Health Department.

An inportant contribution to the process of information
acqui sition was non scientific legal research on statutory
regul ations and | egal precedents. The Board of Supervisors'
attorney, Ralph Kuchler and Sam Karas, operated
i ndependently to exam ne these issues. Kuchler exam ned the
interrelated |legal requirements of federal, state, and |ocal
| aws. Karas obtained a review of California' s regulatory
regi men for biotechnology fromthe California Assenbly
O fice of Research. It was through the attorney's review

of this document that the regulatory option of a |and use

noratori um was devi sed.

Addi tional Sources of Input

Many "organi zational uncertainties" bore on process of
gathering technical information. First, there were
differences in the values and perspectives of the various
groups in the county. |In particular, there was a split
bet ween the ecol ogically mnded Carmel coastal area citizens
and the agriculturally mnded residents of inland areas.
Wong made a conscious attenpt to contact |eading
agricultural powers in the county to assure that their
Interests were not being overlooked in the County's

del i berations on the case. In addition, there was a split
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between the | ess affluent, nore renote southern two thirds
of the county and the nore popul ous, suburban comunities in
the northern third of the county. Wng, Karas, and de

Piero touched base with political leaders in the different
sections of the county to obtain their perspectives. The
organi zational uncertainty that nost inpressed the entire
conmmttee was the |ack of precedent for handling such
situations. To its collective know edge, no local comunity
in the world had dealt with a deliberate release of a
genetically engineered mcroorganismin its jurisdiction
yet.

In the face of these uncertainties, the full County
Board of Supervisors net on January 14th. Wng presented
two alternative reconmendations to the Board of Supervisors:
1) that AGS be asked to find a site further away from
residential areas or 2) conduct a public hearing in which
testinony fromAGS, EPA, CDFA, and citizens would be
received. In an emotionally charged hearing roomwth over
150 opponents of the planned test, the Board of Supervisors
decided to hold a fornmal hearing on January 27 in which
testinony fromAGS, EPA, CDFA, and citizens could be
pr esent ed.

The level of external political pressure on the County
Board of Supervisors started to rise. At this hearing they
received a telegramfrom27 Geen party menbers of the West

German parlianment (Bundestag). The telegramsaid, " Qur

heal th and envi ronnment nust not be sacrificed to the
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comercial interests who are so eager to bring their new
| iving engineered products to the marketplace." (San
Francisco Chronicle. 1986) Shortly thereafter, Karas' and
Wng' s phone began to ring off the hook as representatives
from CDFA, the California Departnent of Health, the
California Conmerce departnent, individual legislators, and
EPA personnel called to suggest that |ocal regulation of
out door applications of biotechnol ogy was i nappropri ate.
Karas insisted that all information be funnelled through
Wl ter Wong so that he woul d have the broadest range of
sources and serve as the County's primary scientific
resource. Because of the high level of political pressures,
and technical controversy and public relations experience
i nvolved in the case, Wng decided not to allocate any
research tasks to junior people in his department, but

rather to do the subsequent analysis personally.

C. Analysis Processes

In his review of the AGS EUP support data, Wng noted
t hat one of seven rabbits treated with the bacteri al
preparation devel oped an infection. A though this infection
cleared up with tine, Wng was concerned that it could
I ndicate possible toxicity to humans. He urged AGS and CDFA
to repeat the dermal application test. Wng was al so
concerned with the toxicity test used because it was
designed to test the acute toxicity of chemcals and not the
pat hogenicity or other chronic effects of bacteria. AGS
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EPA and CDFA did not agree to repeat any tests, asserting
that Monterey County had no right to assess health issues
where the federal governnent had preenptive authority.

The literature indicated that nonitoring protocols for
| NA- bacteria test were readily available, although it was
uncl ear whet her genetic markers were present in the AGS
formulation to permt distinguishing of genetically nodified
| NA- bacteria formnaturally occurring INA- strains. CDFA
and EPA did not share this information AGS designated as
"confidential business information" (CBlI) wth Wng.

The reputati on of Pseudonbnas aerogi nosa as a hunman
pat hogen did i npress Whng because of the differences between
P. aeroginosa. P. syringae and P. fluorescens hosts.

However, the ability to absorb antibiotic resistance bearing
pl asm ds from ot her pseudononads did suggest an additional
risk factor to Wong. In the 14 days between the Jan 14
Supervisors' meeting and the Jan 27 hearing, Wng could only
use a process of elimnation to anal yze questi ons concerning
adverse effect scenarios EPA and CDFA hadn't explicitly
dealt w th.

Wong thought the risk with the greatest percentage of
adverse effect was of pathogenesis to nontarget agricultural
species by P. syringae. a known plant pathogen. Wong felt
that the threat of climatic change resulting fromthe test
was mninmal. However, sone offsite dispersal seened

inevitable, particularly if the test was executed (as
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pl anned) in February, historically the rainiest month in
Mont erey County.

Accordingly, the site selection issue energed as the
nmost inportant county issue. Wng again requested that
CDFA, EPA, or ACS definitively identify the [ocation of the
proposed test site. None of the organizations conplied with
t he request, fueling both public and County staff suspicion
that the test was slated for a property in the northern
third of the county. Wng worked on the assunption that the
test would be conducted in a mxed farmng and residentia
area like the one in which Steve Cull's property was
| ocat ed. He noted that CDFA required protection of
applicators, but residents were not provided with protective
clothing and masks. This juxtaposition could make it | ook
as if the County was not adequately protecting the health of
its residents.

A related county responsibility issue concerned
potential liSLbhility. The FET suggested that the County
could be liable for possible adverse off site effects from
the test even if such effects result from m stakes nade by
ACS . The County counsel reviewed this issue and supported
the PET"S interpretation. Potential county liability was
perceived as another reason for having a say in the
selection of a site for the test.

In conjunction with the rest of the special comittee,
Wong and Pl anning attorney Kuchler prepared a decision

option for Mnterey County based on its statutory power to
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regul ate land uses within the county. According to the
commttee's analysis, AGS |INA- GEMs are aninals, and
appl i cation of nonindigenous GEMs is a new land use in the
county. AGS could be required to obtain a land use permt to
assure that their field test is in concord with the county's

| and use zoning for that area.

The Public Hearing as an Anal ytic Process

On January 27, the Mnterey County Board of Supervisors
hel d a seven hour hearing on the test proposal
Representatives of AGS, CDPA, EPA, the PET, and independent
scientists supporting and opposing the test testified in
front of a packed auditorium National and internationa
news nedia reported on the event. At the hearing, the
primary issues were: the organizational responsibilities,
the selection of a renote site, and the potential for
ecol ogi cal disruption fromconpetition between AGS GEM and

natural | NA+ bacteri a.

AGS Director of Mrketing and Product Support Dougl as
Seroj ak began the neeting by offering to : postpone the test
for 30 days to fully address |ocal concerns, provide al
information to the supervisors regarding the details of the
test, and relocate the trial within Mnterey County based on
consultation fromthe appropriate local officials. Trevor
Suslow, Director of Product Research, suggested that the

proposed test is a small step on the road to responsible
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devel opnent of environnentally sound commercial agriculture.

He said that

"These are not new i ssues, nerely the sane
uncertainties now being discussed in a public
forum.. Those given the Fubl|c respon3|bl|tx
EPA, CDFA% of evaluatlng he merits (of the AGS
UP data) have determ ned an absence of any real
danger to humans, animals, plants, or the

environment...Qur shortcom ng has been to wholly
underestimate the abilities of anti-

technol ogi sts to nmani pulate the fears of
responsi bl e concerned citizens and scientists
who haven't had ready access to all the

i nformati on. "

AGS Project Director Julianne Lindemann (a former
col | eague of Steven Lindow at the University of Wsconsin)
said that worst case anal yses for the experinment had been
eval uated. She used an el aborate anal ogy of senior, junior,
and sophonore students piling into Vol kswagens in a parking
l ot to describe the conpetition between | NA+ and | NA-
bacteria on strawberry bl ossons on which all the inpact
scenarios hinged. She suggested that because genetically
engi neered I NA- bacteria have growth behavior like wild type
| NA+ parents in a variety of hostile laboratory environments
(dessicated soil, freezing, heating), they should not be
consi dered as essentially novel organisns. Accordingly,
anal ogi es using exotic species introductions such as the
Kudzu vine or Dutch El mDi sease are "not appropriate or
accurate." She ended AGS presentation by saying " | ask you
to please bear these facts in mnd as you, listen to the
hypot hetical disaster scenarios, illogic, and msinformation
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brought forward as fact by those who wish to stop this
experiment." (Advanced Genetic Sciences, 1986)

Edward Lee Rogers, the Foundation on Econom ¢ Trends
counsel, presented a prepared statement on behal f of FET
president Jerenmy Rifkin. In this statement, he outlined a
set of scientific uncertainties that suggested shortcom ngs
in the EPA process. He confined his conments to the

precedent-setting nature of the test froma |lega
perspective and the uncertainties associated with P
syringae's atnmospheric ice nucleation activity.

Acting CDFA Pesticide Registration Branch Chief Dr.

Tobi Jones testified on behalf of CDFA. She enphasized the

fact that the state of California and EPA were treating the

Frostban product as a pesticide, and that an analysis of the
parent bacteria strains shows that they are not hazardous to
ei ther humans or conmercial crops.

EPA was represented by Fred Betz. He described the
process by which HED and the SAP reviewed the AGS
application and resol ved uncertainties concerning possible
risks fromthe experiment. EPA FIFRA SAP Subpanel reviewer
and University of California at Berkeley biologist Robert
Col wel | indicated his support for the small scale test as
approved in the EPA process; however, he said that he had
reservations about w despread conmercial use at this tine.

Sl oan Kettering geneticist Liebe Cavalieri pointedly
disagreed with AGS scientists, saying that the test
organi sms were genetically different fromthe naturally
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occurring I NA- bacteria, and consequently their behavior
could not be identical to the parents. He suggested the test
could have "potentially catastrophic consequences."

(Caval i er, 1986)

The majority of commrents from nenmbers of the public
unaffiliated with groups reflected a distrust of AGS and of
the safety of the experinent. The question and answer
period anplified this sentinent. |In response to a
questions, Douglass Serojak denied the Cull property in del
Piero's district was the planned site of the test, although
he offered to work with the supervisors to find anot her
site. EPA biologist Fred Betz admtted "W used the
description of the site and surrounding area provi ded by
AGS. Qur representatives should conduct on -site
I nspections, but we don't usually do it." Betz's comment
pronmpt ed Supervisor Del Piero to conment, "That's a hell of
a way to run any kind of agency." (Del Piero, 1986)

County Attorney Ral ph Kuchler delivered an opinion on
the aJDility of the County to regulate novel mcroorganisns.
The thrust of his opinion was that while the federal and
state governnents have preenptive authority for chem ca
pesticides, a field test of the AGS product, a live
bacterium represented a novel |and use and could be

regul ated as such by county zoning ordinances.
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D. Deci si on Qut cones

On the basis of the received testinony and the assenbl ed
political pressures, the County Supervisors adopted a set of
four notions culmnating in a 45 day energency noratoriumon
field tests of new genetically engi neered biol ogi cal

materials in the county. The action called for

1. a special committee to be appointed by the Board of
Supervisors to learn nore about the field test,

2. this conmttee shall cooperate with AGSin identifying an
alternative, nore renote site for the test, and

3. the conmttee should | earn enough about the field test to
assure that the Supervisors that the test will not present
any significant risk to the community or the environment,

and

4. a 45 day period conmenci ng on January 27 in which AGS
agrees to postpone conducting the proposed test.

AGS representatives agreed to the 45 day postponenent at
the hearing. The Board asked the conmttee to work with
| egislative staff in the county and state to draft an
appropriate zoning ordi nance for regul ating such experinents
in Monterey County by its Feb 11 neeting.

At the February 11 Board of Supervisors neeting, M.
Wong presented a report by the sane special commttee that
was convened earlier to define the problemat hand. Menbers
wer e: Supervisor Sam Karas, Supervisor Mark Del Piero,

Agricultural Conm ssioner Richard Nutter, D rector of
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Pl anni ng Robert Si mmons, County Counsel Ral ph Kuohl er, and
Air Pollution Control Oficer Larry dle. On the basis of
testinony at the hearing and its subsequent review, the

conmittee's principal findings were:

1. Federal and state procedures for granting AGS EUP were
deficient in:

a. not requiring an i ndependent risk assessnent,

b. not nmking an onsite inspection of proposed site,

c. not responding to issues raised by the County Board,

d. not providing detailed i nfornati on on human heal th
effects and not requiring follow up tests.

2. The testing would have m ni mal inpact on pl ant
physi ol ogy.

3. Legal issues relating to the California Environnmental
Assessment Process, and the authority to regul ate
genetically engi neered pesticides need to be revi ened.
(Monterey County Investigative Commttee, 1986)

The Conmittee unani nobusly voted to recommend an Interim
Ordi nance prohibiting "Ezperinental Field | aboratories using
experinental Genetically Altered Bacteria"” for 45 days.

Thi s recomendati on was unani nously adopted by the Board of
Supervi sors on February 11

Soon afterwards, Karas and Wong were invited to testify
bef ore an Oversight and | nvestigati on Subconnittee of the
U S. House Committee on Science and Technol ogy. A forner

AGS enpl oyee, Dennis Botstein, disclosed that AGS had
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illegally conducted plant pathogenicity tests on the roof
top of its Cakland facility prior to receiving the EPA EUP
At this hearing, SAP nenber Robert Colwell reversed his
support for the proposed February 1986 field test because
EPA ignored his proposed recomendati on that the test be
conducted in a renote area. |In light of these findings,

Mont erey County | eaders felt vindicated in their decision to
bl ock the proposed February field test.

In March 16, 1986, with al nost no debate, the Mnterey
County Board of Supervisors passed a tenporary, one year
nmorat ori um on experinments involving genetically altered
bacteria. At this point, Mnterey County ceased active
consi deration of the safety of the AGS test proposal. Sam
Karas and Walter Wong continued to press their views on the
public participation and | egal issues that arose in Mnterey
County in federal and state |egislative forunms, the nedia,

and California state agencies during the balance of 1986.

E. Organizational Roles in Evaluation of the AGS EUP

In the Monterey CQunty process, Health Departnent
Director Walter Wng acted as both a risk analyst and as a
ri sk manager, personally searching for scientific
informati on, ezam ning the data submtted (after the
hearing) by AGS to EPA and CDFA, and naintaining |iaison
wWith major corporate and community agricultural interests in
a highly agricultural county. Perhaps nost inportantly, the

i ndi vi dual who undertook the analysis of risks posed by the
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case was involved in upper |evel discussions of howto

manage the situation. By contrast, the EPA and CDFA revi ews
of AGS EUP separated the risk managenent responsibility from
the risk assessnent functions so effectively that the
i ndi vi dual s doing the analysis of the EUP did not report any
political pressure in a major precedent-setting case.

One reason Wng nay have assuned so much responsibility
was the fact that Chairnman Sam Karas, a busi nessnman, did not
have a formal background in the sciences |like the senior
deci si onnakers i n EPA and CDFA. M. Karas consulted two
i ndependent sources of scientific information in addition to
Wwng and the investigative commttee. The first was a
personal friend who was a science teacher at the | ocal
community col |l ege. He gave Karas, a former executive in the
nmeat packing industry, a basic background on m crobi ol ogy.
The second source Karas consulted was Paul Berg, a Nobe
Laureate, Professor of Biochem stry at nearby Stanford
University, and a participant in the 1973 Asil onar
Conf erence, at which biologists first considered the
inplications of the ability to artificially reconbine
genetic material fromdifferent organisns. |Ironically, the

Asi | omar Conference Center is also in Monterey County.

F. Trust and the Burden of Proof
It seens that in Monterey County the burden of proof was

shifted fromthe F.E. T. to AGS to prove the safety of the

tests beyond a reasonabl e doubt. Monterey County accepted
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circunstantial evidence in evaluating the nerits of the AGS
test proposal, for exanple, the resenbl ence between the EPA
site map and the aerial photo of Cull's property published
by the Salinas Californian. By contrast, EPA's scientific
review panel didn't accept circunstantial evidence |ike | NA+
P- syringae in raindrops as relevant to its consideration of
"scientific risks" posed by the test. 1In the case of a
reasonabl e doubt, EPA seened to defer to a no significant
risk interpretation. |In contrast to both EPA and Monterey
County, CDFA did not identify that nany uncertainties inits
anal ysi s.

Underlying both the burden of proof and the trust
guestions are organi zati onal questions of what bodies should
society rely upon to do risk assessnents for new technol ogy
products. |In subsequent testinony to the House Sci ence and
Technol ogy Subcomm ttee, Wng suggested that organizations
with financial interests in the outconme, such as AGS, are
i nappropriate evaluators of risks fromtheir projects.

(Wbng, 1986¢)

The oft-nentioned specter of qualitatively different

types of adverse effects resulting fromfield application of

t hese I NA- bacteria hung in the background of Monterey's
consi derati ons. However, that scientific issue did not seem

to be as salient as the cavalier attitude wth whi ch CDFA

and EPA brushed off Wng's requests for additional tests to

assure safety of residents of the area adjoining the test

site.
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One question that had not arisen in the CDFA and EPA
consideration was the rights and responsibilities of |oca
communities vis a vis outdoor tests of biotechnol ogy
products. d enn Church, the community | eader who initiated
Mont erey County's consideration, said, "there's a |ot of
questions but the real question involves the right of the
comunity to protect itself. No one asked county residents
if they wanted to be the test site for the first
m croorgani sns test in the whole world."” (Church, 1986)
Supervi sor Karas echoed this sentinent in testinony before
t he House Sci ence and Technol ogy Connittee . He said,
"Failure on their (EPA and CDFA) part to notify us of an
experinment of such national, if not worldw de significance,
i s unconscionable...no public official in the jurisdiction
nost effected was notified."” (Karas, 1986b)

Finally, while risks and scientific uncertainties were
given as the basis for decisions by Monterey County, press
reports indicate that an i nfornal cost benefit analysis
wei ghed the potential benefits fromthis particul ar
bi ot echnol ogy application. Environnental Health Director
VWal ter Wng sai d.

"Local strawberry growers do not have a probl em
with frost." Monterey County is not the optinmum
site for the testing. The nmjor reason for
testing here is the proximty to Advanced

Cenetic Sciences' (QCakland | aboratory
facility)." (Whng, 1986)
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V. CONCLUSI ONS

Four distinct types of risk were identified in the
probl em definition phase of the anal yses of the AGS field
test proposal. These are human infection, plant
pat hogenesi s, weather alteration, and ecosystem di sruption.
As Table 4 indicates, EPA, CDFA, and Monterey County
focussed on different types of hazards. The |ack of
consensus between organi zations could reflect differences in
organi zational responsibilities and environnental values as
wel |l as differences of opinion concerning the probability
and undesirability of each risk fromthe proposed

experinent.

Tabl e 4

Four Types of Risks ldentified in Analysis of
AGS, Inc. Field Test Proposal

Princi pal Concern of Ri sk Analysis Or gani zat i on

A. Hunman | nfection Mont er ey County
Pl ant Pat hogenesi s California

C. Weat her Alteration EPA

D. Ecosystem Di sruption None
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Fi ve sources of scientific and technical infornation
were used by the organi zati ons we surveyed. These sources
were the scientific literature, individual scientists,
expert panels, court cases, and new experinents. Three
sources (individual scientists, expert panels, and court
cases) can provide political or non technical information
along with technical information.

EPA, CDFA, and Monterey County used a variety of

informati on channels to access the technical information the

af orenenti oned sources had. The agencies that utilized each

channel are shown in Tabl e 5.

Tabl e 5

I nformati on Channels used in Regul atory
Anal ysi s of AGS EUP

Channel Agenci es

A Agency Li brari es CDFA
B. Online Catal og Servi ces CDFA
C. Fornally Constituted Expert Panels EPA

D. I nformal Network of Experts MC, CDFA
E. AGS Scienti st s EPA, CDFA

F. Uni versity Scientists CDFA
G Publ i ¢ Heari ngs NMNC

No organi zation used formal anal ytic techni ques or

statistical nethods in the evaluati on of the EUP or

supporting data. Al three organi zations undertook some

sort of worst case analysis. Each worst case anal ysis had
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di fferent assunptions that bore on the scientific
concl usi ons that could be reached by risk analysts. A
characterization of the key worst case anal ysis assunpti ons

used in each organi zation is given in Table 6.

Tabl e 6

Assumpti ons for Wrst Case Scenari o Eval uati on

EPA assuned that the weat her could change, but assumed

substantial off site transport and col oni zati on woul d
not occur.

CDFA assuned that off site transport and col oni zati on coul d
occur, but assumed that changes in the weat her could
not occur as a result of changes in the distribution of
| NA+ p. syringae in the atnosphere.

MC assunmed that off site transport and col oni zati on coul d
occur, but assuned that changes in the weat her coul d
not occur as a result of changes in the distribution of

| NA+ P. syringae in the atnosphere. MC al so assuned
that there was a possibility of hunman infection.

The scientific assunmpti ons each organi zati on made in
order to undertake its risk analysis led to differences in
the key parametric uncertainties in each analysis. Key
paranetric uncertainties are uncertainties in which
experinental finding could lead to a reversal of a
conclusion. A summary of these critical uncertain

paraneters is given in Table 7.
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Tabl e 7

Key Paraneteric Uncertainty O gani zation

Coqﬁetltlon bet ween | NA- GEM EPA
and W I d type I NA+ bacteria

Pat hogeni ci t of INA- G=EMto CDFA

| mportant Commercial Pl ant
Fam |l ies G own near Test Site

Hunman | nfecti on Potenti al MC

All three organizations requested that new experinents
be performed to hel p resolve the uncertainties they
considered critical. 1In evaluating the new experinental
data requested, EPA, CDFA, and Mnterey County seened to use
differing standards. Distillations of these de facto

criteria are shown in Tabl e 8.

Tabl e 8

d to Eval uate New Experimental
S

a Use
Anal ysis of AGS Field Test Proposal

GEMs outconmpete INA+ P. syringae to the extent
functi onal popul ations no |onger exist (in

CDFA |f GEM reﬁponse | S |dent|cal to parental strains on a
batter m crobi al physiology tests, it iIs

con5|dered functional [y eqU|va ent to the parental.

use atho eni ¢ change on a target pl nt that
‘ okFMIJ gaused B nomn pat 8 p
shou d pbe conS| ere pat hogeni ¢ for t at plan

MC If there is any doubt as to human infectiousness of
| NA- product, "do not accept presunption of safety.
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Wth the exceptions of the criteria utilized by CDFA to
anal yze non target pathogenesis by the AGS GEM and the
criteria proposed by Monterey to eval uate the chronic human
pat hogeni city, the organi zations surveyed did not fornul ate
criteria for evaluation of requested experinental data prior
to receipt of this information. The absence of explicit
prior criteria and operational hypotheses permtted
organi zations evaluating the safety of such experinents to
use whatever data is received to justify a decision that is
al ready favored by an organi zati on.

| n each organi zation, there were instances in which
di fferences of opinion on the neaning of scientific and
techni cal information arose. The three organi zations
relied on the judgenent of individuals rather than analytic
met hods. However, different individuals were responsible
for actually resolving identified uncertainties in the
organi zations. A characterization of the principal

organi zati onal processes used to resolve technical

uncertainties is shown in Table 9.

Tabl e 9

Processes for Resolving Identified Uncertainties

Consensus of Technical and Legal Staff: EPA
Judgenent of | ndi vi dual Anal yst: CDFA

Col | ective Perception of Constituency: MC
at Hearing
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On the basis of the analysis of the technical issues
each organi zation pursued, it is possible to interpol ate
sone of the underlying assunptions shared by the technica
anal ysis teans in each organi zati on. For the sake of
brevity, | have divided organi zati onal views on each
envi ronnent al bi otechnology risk topic into two opposi ng
sides. Wthin two organi zati ons, there were sone
di screpancies in the fundanental assunptions held by
anal ysts. For exanple, a CDFA reviewer nentioned indirect
effects on the ranges of beneficial insects, but the final
agency position was that such changes were not possible from
the AGS test. Simlarly, an EPA SAP nenber nmentioned the
potential for changes of the ranges of insects from
application of I NA~- GEMs, but EPA staff did not anal yze such

potenti al changes. These interpol ated assunpti ons about GEM

i ntroducti on are shown i n Tabl e 10.
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Ri sk Anal ysi s Assunpti ons

Topi c

I dentity of AGS
test product

Quantitative
Ef fects Threshol d

I ndi rect Ecosystem

Ef fects (ranges of
i nsects)

Hori zont al Tr ansf er
of INA Trait

I Nnfl uence of
Envi ronnent al Con-
diti ons on G owth

Tabl e 10

Vi ewpoi nt

Novel
Par ent al

Yes
No

Possi bl e

Not Possi bl e

Consi der ed
Not Consi der ed

| nport ant
Uni mpor t ant

Organi zat i on

EPA, MC
CDFA.

EPA, MC
CDFA

CDFA, MC, EPA
two reviewers

EPA, CDFA, MC

EPA, CDFA

Each organi zation had a requirenent for presenting
scientific and technical information to other anal ysts and
to senior decisionmkers. Al three organizations relied on
verbal comunication. The only graphics used were part of
an EPA public information package prepared after a deci sion
had been reached. All the review ng organi zati ons used
textual descriptions rather than scales to characterize the
| evel of uncertainty present in each issue. The prinmary
di fference concerned the | ength and node of verba
communi cations. The principal information presentation
vehi cl es used to conmunicate within the revi ew ng

organi zations are described in Table 11
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Tabl e 11

Internal Informati on Presentati on

Or gani zat i on Present ati on Mbode

1) anong field test analysts
2 to seni or decision nmaker

EPA: 1) Primarily used exchange of 10+ page witten

drafts
2) Presentation to senior decision naker was a 7
page formal deci sion nenorandum

CDFA: 13 Primarily used 1-2 page interoffice mni-nenos,
2) 2 page internal justification witten prior to

deci si on

MC. 1) Primarily oral interaction in neetings and on
t el ephone.

2) Primarily oral, 2 page menos witten prior to

deci si on

Monterey County's extensive use of oral interaction
could be due to the tighter tine constraints in which it was
was operating as well as underlying differences in |ega
requi rements and managenent style.

The utility of the scientific and technical infornmation
acquisition and anal ysis process may be exam ned by | ooking
at the evidence each organization had on the scientific

issues it identified as nbpst crucial to its decision. The

reduction of uncertainty as a result of newinformation is
hard to characterize. On the basis of the interviews with
anal ysts and exam nation of the docunents that were used,
summary characterizations of the uncertainty reduction
achi eved by each organi zation on given issues are made.

Table 12 shows some of the principal scientific issue the


NEATPAGEINFO:id=6B175EF8-7B3F-4E98-99C5-46F168DDB138


89

revi ewi ng organi zati ons were concerned with and a conposite
characterizati on of the uncertainty reduction vis a vis that

i ssue that was achi eved.

Tabl e 12

Did informati on acquisition actually reduce perceived
uncertainties in analysis of AGS EUP?

Or gani zati on | ssue Uncertai nty Reducti on

EPA Weat her Al terati on Parti al

CDFA Pat hogeni ci ty Yes

M Toxicity i n Hunmnans No

EPA was able to nake a decision in the face of arguable
scientific uncertainty concerning possible climtic
i nvol venent of P. syringae. CDFA was ab>le to convincingly
resolve its plant pathogenicity question with information it
acquired. Monterey was unable to obtain new experi nent al
information to reduce its uncertainty about the nmamal i an
toxicity of the AGS GEM

The salience of scientific and technical input in
regul atory decisionmaking is difficult to assess for many
reasons. Certainly, political factors are nore inportant to
t he functi ons of seni or decision nakers than to staff
anal ysts. The opinions of senior nanagenent and anal ysis
staff in each organization that reviewed the AGS EUP on the
relative inportance of the scientific and technical

information are displayed in Table 13.
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Tabl e 13

How i mportant was scientific and technical information
relative to political and organi zational information in
maki ng the final decision?

EPA Seni or NVManageneant Loww
=—=—.A. =t &> F F | e [ g I

CDFFA Seni or NManageneant Hi gh
CIDOF—. A\ =t a&afFf F Hhi g ih

NMC Seni or NManagenmneant Lowv
NN — ==« = F ¥ L <> N/ s

CDFA Staff we interviewed apparently collectively viewed
the AGS EUP deci sion as a scientific and technical deci sion
wth relatively uninportant political inputs. Monterey
County viewed the scientific and technical information as

relatively uninportant relative to organi zati onal factors.
At EPA, technical staff viewed the scientific and technical

information as critical to the final EPA decision. In
contrast, the senior decisionmaker for this case viewed the
scientific and technical information as less inportant. The
di fference of opinion between the EPA officials could
refl ect the chasm between the concerns of senior nanagenent
and staff personnel. Perhaps we can concl ude t hat
scientific and technical infornmation was not necessarily
critical to regulatory decisions concerned wth the proposed
AGS field test.

The processes enpl oyed by EPA, CDFA. and Monterey County

to anal yze the AGS EUP each had el enents of routine

processing and non routine information processing. It is


NEATPAGEINFO:id=39D5F679-D525-4313-87E5-BE7C611BBEF1


91

uncl ear whet her the non routine nature of the scientific
guestions raised by the AGS EUP resulted in non routine
i nformation processing. Sunmary characterizations of the

processes the three organizations enployed are given in

Tabl e 14.

Tabl e 14

Did the Non Routine Scientific Nature of AGS EUP Questions
Result in Non Routine Information Processing
Organi zation _______ _Characterization of Process

EPA Non Routi ne but fornmal process

oriented to resolving scientific
uncertainties.

CDFA Routi ne, conpartnentalized process
wth sonme participation by other state
agenci es.

MC Non Routine with representati on of
seni or managenent in investigative

team

CDFA' s anal ysis process was the nmost simlar to the
procedures used to handle routine, chem cal EUPs. EPA
treated the decision as non routine but not unprecedented.
EPA' s process was based on a time-honored way of handling
non routine decisions in the government, using an expert
panel . Perhaps because Mnterey County viewed the case as
unprecedented, it devised a special strategy just for this
case. Monterey County's process nost closely resenbl ed the
processes used by private organi zations to handl e non

routi ne decisions, with closer collaboration of senior
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managenent and technical staff. The hypothesis that the non
routine scientific and technical aspects of the case would
cause each organi zation to adopt non routine informtion
processi ng procedures is not borne out by this research.

The notion that the AGS case would be treated |li ke a
crisis because the advent of environmental biotechnol ogy
decreased the effective lead tinmes avail able to gover nment
personnel may be eval uated by seei ng whet her common
characteristics of crisis nanagenent situations were
present. Table 15 recaps five reported characteristics of

crisis managenent situations and reviews the evidence for

t hese characteristics in the AGS case.

Tabl e 15

Crisis Managenent case studies suggest the follow ng
characteristics of crisis decisionnmaking.

__Characteristic Evident in AGS Case

No Tine to Do Anal ysi s no
Rel i ance on Past Search no

Cogni ti ve R gidity vyes

Reduced Consi der ati on of

Al t er Nnat 1 ves ves
Reduced Tol er ance f or

AAryrIOi guwuil t v m o

In the AGS case, nost organizations had tine to do
anal ysis of the questions at hand. No organization relied
on past searches, all undertook new searches. Al three
organi zation seemed to display cognitive rigidity in

anal yzing risks fromthe test. None of the three
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organi zati ons considered a cross section of risk managenent
alternatives discussed in the literature on regul ati on of
envi ronnent al bi ot echnol ogy applications. Since only two of
five characteristics of crisis managenent situations were
evident in the AGS case, the crisis nanagenent literature
does not seemto be a particularly apt anal ogy for the types

of problens that arose in the AGS case.

The | nportance of Disciplinary Background
The di sciplinary background of the individuals and the
orientation of the organizations that evaluated the AGS EUP

are displayed in Taisle 16.
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Tabl e 16

Disciplinary Orientation of Organi zations Surveyed

Di sci plines Represented Dom nant Disciplines

Organi zation in AGS EUP Anal ysis in Organi zation
EPA M cr obi ol ogy Chem stry
Pl ant Pat hol ogy Engi neeri ng

At nospheri ¢ Sci ence
M cr obi al Ecol ogy
Envi ronnent al Toxi col ogy

Zool ogy
Soil Sci ence

Chem stry (staff)
Engi neering (staff)

Law

CDFA Pl ant Pat hol ogy Pl ant Pat hol ogy
M cr obi ol ogy

Medi cal Toxi col ogy
WAt er Pol | uti on

Ent ynol ogy
I ndustrial Hygi ene

MC Public Health Public Health

Pl anni ng
Medi ci ne
Law

At this point, it is not clear what disciplines are nost
relevant to the analysis of effects fromintroduction of
GEMs into natural environments. Differences in the

prof essi ons represented on teans anal yzing the proposed test
for the three organizations could account for differences in
the foci of the analyses as well as the eval uation of
information obtained in the analysis. The influence of
disciplinary orientation on the identification of critical

i nformation by individuals involved in the AGS EUP anal ysi s

is explored in Table 17.
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Tabl e 17

I nfluence of Disciplinary Orientation in
Probl em I denti fi cati on

I ndi vi d—

ual Educat i on Most | nportant | nfornmation
Bet z Envr. Engr., M Conpetition, Scal e of test
Moor e Vet. Toxi col ogy, PhD Pat hol ogi ¢ host range of

parent organi sm

Cr ass Pl ant Pat hol ogy, PhD Pathogenicity towards non
target plants

Jones M crobi ol ogy, PhD M crobi al physi ol ogy
wng Public Health, MS Chronic Hunman pat hogenesi s
Karas Busi ness, H gh School Organizational |ssues

Rogers Chenmi stry, Law JD Ecosystem | npacts

The theory that individual analysts would focus their
attention on conponents of the larger regulatory question
that are part of their individual or institutional
di sciplinary heritage is strongly supported by the responses
of Ph.D."s interviewed in this case study. A slightly
different picture, show ng increasing inportance of
institutional affiliation, is suggested by the responses of
interviewees W thout doctoral training. Wng' s concern
about the interpretation of acute mammallian toxicity tests
Is consistent with his departnmental responsibilities that
i nclude anal yzing acute effects of agricultural pesticides
on applicators. M. Rogers' concern with ecosysteminpacts

IS nore resonant with his organizational role as FET counsel
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than his background in law or chem stry. M. Betz's
responses generally displayed |less disciplinary direction of
concern than other interviewes. Apparently, scientists we
interviewed viewed the nost critical questions raised in
eval uation of the AGS EUP as questions relating to their

i ndi vi dual academ ¢ background. Individuals without Ph.D.'s
tended to reflect nmore concerns of their organization as
wel | as their principal disciplinary background.

Wil e a diverse interdisciplinary review panel was
assenbl ed by EPA, and CDFA invited reviewers with a w de
variety of academ c backgrounds, scientific concerns
identified by individual team nmenbers were not synthesized
by EPA or CDFA staff into adverse effect scenarios to be
eval uated. For ezeinple, SAP menber Martin Al exander's
concerns about offsite transport were not |inked with
Colwel I"s concerns ei bout potential ecosystemfunction
i mpacts fromw der scale tests. Likew se, CDFA s AGS EUP
reviewers identified some ecol ogical and safety concerns not
addressed by EPA. These concerns were not |inked together
with EPA's analysis in CDFA s consideration of the EUP
The primary interdisciplinary scenario that was eval uated
was synt hesi zed not by agency staff, but by the F.E T. This
suggests a weakness in EPA's present capacity to analyze
proposed environmental biotechnol ogy applications by
scenari o anal ysi s.

Lack of representation of the ecology discipline at a

staff | evel has been suggested by some observers as one
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reason for inadequate consideration of ecol ogical effects of
engi neered organi smintroduction. The presence of
ecol ogi sts and entynol ogi sts as reviewers in the AGS case
suggests that disciplinary representation is not sufficient

to guarantee consideration of potential risks to ecosystens.

Public Participation in the Analysis of Scientific
and Techni cal I nformation

Differences in the decision criteria used by governnent
bodi es in the absence of definitive data could be related to
the active public participation. EPA formally encouraged
participation but did not include the public inits interna
deci si onmaki ng process. CDFA did not encourage any public
participation. Mnterey County encouraged participation
formally, and included nenbers of the public in their open,
heari ng- cent ered deci si onmaki ng process. This process for
i ncluding the public in deliberations on the proposed AGS
field test could have contributed to Monterey County's
greater acceptance of circunstantial data from non-
scientific sources, and its nore stringent decision criteria
on risk questions for which definitive scientific
informati on was not avail abl e.

Behind the rubric of public participation in the AGS
case is the work of an organi zed, public interest group
whose attention is directed al nbst soley to biotechnol ogy
applications: the FET. The everpresent FET instigated the

devel opment of the very Interim Policy under which the
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proposal was regul ated by EPA, identified key scientific
i ssues, encouraged the communi cati on of nenbers of the West
Ger man Bundest ag opposed to the proposed AGS test (and nost
del i berate environnental releases of engi neered n crobes)
with the Monterey County Board of Supervisors, provided
information to the public and Monterey County, and
eventual ly uncovered evi dence | eading to EPA' s Conpli ance
action agai nst AGS. More than the general public, the FET
defined the interdisciplinary scientific issues, and
directed EPA s action, as an antagonist in a chess natch.
Through its actions, the FET directed the nedia s treatnment
of the AGS field test application, and focussed the public's
attention on weak points in the EUP

FET' s apparent success in tenporarily bl ocking the AGS
field test could not have occurred wi thout the public
support of Concerned Citizens of Mnterey County, the
informal coalition tree farner d enn Church founded
foll owi ng CDOFA s approval of the test proposal. One reason
for Church's success in blocking the test was the assi stance
of his politically savvy father, a forner County Supervisor.
A second reason may be Monterey County's position as an
unofficial seat of New Age consci ousness. (Santa Cruz
Express, 1986) According to Fritjof Capra, a Mnterey
county resident and aut hor of The Tao of Physics. New Age
politics involves a reevaluation of the role of man in the
ecosystem and a respect for nature's bal ance. This

perspective may have contributed to a distrust, at | east
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anong the |iberal Mnterey county popul ace, of EPA judgenent
Vis a vis protection of ecosystemintegrity as well as human
safety. Unli ke the 1983 NIH University of California | NA-
field test proposal case, FET's |l egal challenge to the AGS
EUP was unsuccessful. This juxtaposition suggests that
FET's inportance is primarily as an issue and i nfornation
source, powerful only when it has public support, rather
than as a powerful litigant w thout any constituency, as
sone observers have contended. Cffall Street Journal. 1986)
In a sense, the public, invited by Monterey County
governnent, acted as a science court. Like a court, it
rendered a decision with the advice of experts but
i ndependently, on the basis of classes of risks identified
i n popul ar nagazi nes, specul ati ons by non-scientists, the
use of P. syringae to enhance artificial snowrei king
operati ons, and ot her evidence that was i nadn ssable in nore
august foruns that considered only existing scientific
information. Mich like traditional juries, the apparent
forthrightness and trustworthi ness of w tnesses was wei ghed
heavily in the public's evaluation of their input. AGS was
not viewed as trustworthy because it was not forthright in
di scl osing infornati on about the test to the public. In
addition, AGS s apparently contradictory testinony on the
conpl ex question of the identity of the genetically
engi neered strains debased the currency of its other
argunents. Many Monterey County opponents of the test did

not share the FET's noral opposition to genetic engineering
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or even environnental applications of biotechnol ogy. For

exanpl e, Monterey County journalist Jonathan Drake says,

"I think the use of genetic engineering will be
a boon to cheni cal manufacturing and
bi onedicine...But | think that the AGS

application is potentially dangerous to the

ecol ogy and is unnecessary. Frost damage i s not

a significant problemin the U S. " (Drake, 1986)

Monterey County's decision prevail ed despite the

opposition of an influential, well supported industry, and
federal and state agencies who felt their authority could
not be preenpted by any county. One interpretation of this
unli kely outcone is that Monterey County and the general
public acted to assure that due process was taken in regard
to the evaluation of the risks fromthe first environnental
test of a viable GEMin the U S Wile FIFRA anal ysis
fulfills the |l egal requirenent for an environnental inpact
statenment or equivalent reviewto conply with NEPA (that
sunk the 1983 proposed Li ndow and Panopol ous experinent in
District Court Judge Sirica's court), it does not
necessarily fill society's expectation for a robust
envi ronnent al inpact statenent to support the first
del i berate application of viable, genetically engineered
m crobes in the USA. This argunent is buttressed by the
fact that neither CDFA nor the US EPA has sued Monterey
County over its position on this case, despite the fact that
representatives of both EPA and CDFA publicly challenge

Monterey County's right to regulate tests of CEMs.
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EPA did not obtain the public approval of their process
and support of their position that Assistant Adm nistrator
Moore identified as "crucial™ to the success of the EPA
bi ot echnol gy regul ati on program CDFA has sxi bsequently
altered its process for analyzing genetically engi neered
pesticides to provide for special public notice in potenti al
host counties prior to i ssuance of future EUPs. Local

approval of field tests is not required by CDFA

Potential Conflict of |Interest

In February 1986, on the basis of a hand typed
comuni cation froma digruntled enpl oyee and at the
instigation of the FET, EPA began investigating the conduct
of AGS experiments in support of its EUP. EPAs subsequent
eval uation of AGS experinental data reveal ed that rel evant
experinmental conditions were not accurately reported by AGS.
The verified allegation was that EUP support tests EPA
bel i eved were conducted in indoor greenhouses were actually
conducted on the rooftop of AGS Qakland facility. (EPA
Conpl i ance Enforcenment, 1986) AGS was initially fined
$20,000. Following an invited negotiation with EPAs Ofice
of Special Counsel, the fine was reduced to $13,000 and the
charge of "falsification of data" was tenpered.

AGS asserted that the | evel of containnent of CEMs
injected in trees is higher than the contai nnent achieved in
sprayi ng GEMs inside a conventional greenhouse w thout

negative pressure or other controls. Mny scientists agree
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with this contention, although the practice of not reporting
the experinmental site fully was deplored. An inportant
technical problemw th using trees on the rooftop is that
many experinental conditions relevant to the outcone of

col oni zation tests, such as level of noisture availeQle, can
be substantially different fromthe inside of a noist

gr eenhouse.

Thi s enforcenent action brought the potential for
conflicts of interest in doing experinments used in risk
assessnents for environnmental applications of biotechnol ogy
to the fore. Wil e this enforcenent action occurred after
EPA's first EUP decision, it suggests that alternative
institutional sources of experinental information nmay be

needed to avoid conflicts of interest in risk assessnent

data reporting in the future.
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AV/ N RECOMVENDATI ONS

To resolve difficult new environnental conflicts, the
USA has frequently sought |egislative solutions. Mny
i ssues raised in the AGS case are not anenable to sol ution
by legislative fiat. Due to the diversity of environnental
bi ot echnol ogy products and conditions, a unitary |egislative
framewor k for environnmental applications may not nei ke sense.
As FDA Special Assistant Henry MIler noted in a letter to
Science. a single enzyne produced by a single organismto
performtwo applications in different environments requires
review by individuals or organizations with substantially
different expertise. (Mller, 1986)

Legi sl ation can provi de new standards for bal ancing the
ri sks and benefits of environnmental applications of
bi ot echnol ogy. A broad public debate is needed to devel op a
set of policy goals for environnental biotechnol ogy
devel opnent. Policy endpoints, identified in additional
| egi sl ati on adm ni stered by different agencies, could
provide criteria for regulators to use in evaluating the
various inpacts of diverse environnental biotechnol ogy
applications on the environnent. Such legislation will not
reduce the magni tude of the uncertainties faced in ecosystem

function assessnent nor the difficulties in determning the
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scientific significance of possible changes. However,
| egi sl ation designed for environmental applications of

bi ot echnol ogy could reflect the potential for inmpacts that

could not arise fromhistorical environnental chem ca
rel ease.

Legi sl ation can al so vacate the present EPA policy of
separating risk managenent fromrisk assessnent. Cogent
regul ation of future environnmental applications of
bi ot echnol ogy shoul d nmore cl osely rel ate managenent
practices that are adopted for specific tests to the risks
that are identified and anal yzed. Wile |egislation cannot
mandat e managenent styles, this review of the AGS case
suggests that, at |east for environmental applications of
CEMS, special care should be taken to nanage risks that are
anal yzed.

Wil e the use of external data sources is suggested for
non routine decisions, special care should be taken to
assure the conprehensiveness and credibility of sources of
i nformation used in eval uating environnental applications of
bi ot echnol ogy. Legislation could provide guidelines for the
use of corporate, university, and anecdotal sources of
information to eval uate new applications of biotechnol ogy
for which there will probaibly be little infornmation
publ i shed in peer reviewed journals.

A second recommendation is the devel opment of a new,
bi ol ogy- based conceptual framework for analyzing effects of
environmental applications of biotechnology. The AGS case

showed that two of the three government organizations relied
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on chem cal hazard assessnent assunptions. The use of
interdisciplinary panels |ike the EPA FI FRA SAP Subpanel is
an inmportant first step towards the goal of devel oping an
capability to anal yze biol ogical inpacts of environnenta
applications of biotechnology. However, this case study
showed that existing boundaries of relevant academc
di sciplines do not extend to cover nmany of the
transdisciplinary issues that emerged. The devel opnent of a
hybrid science |ike predictive ecol ogy, to supplenent the
contributions of existing disciplines, is needed to address
I ssues that seemlikely to recur in future environnental
bi ot echnol ogy applications. The devel opnent of this new
discipline, like the devel opnent of fields such as
neurol i ngui stics, may involve changes in both the types of
research questions asked and types of answers obtained.
Sustained financial and institutional support is needed to
obtain the participation of creative academcs in addition
to the environmental consulting organizations that have been
responsi bl e for nuch of the extant analysis of risks from
genetic engineered mcroorganisms. In the |ong run,
devel opi ng a new conceptual scientific framework for
envi ronnent al bi ot echnol ogy anal ysis may be nore inportant
than new legislative criteria for decisionmking, for this
framework will be used to frame the very questions that are
assessed in any review

The task of risk analysis is a technical endeavor which

shares conceptual conponents with academ c research, but has
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different requirements. 1In the analysis of the AGS EUP

scenari os were devel oped and evaluated. The role of
scenari o generation is too inportant to current analysis of
envi ronment al applications of biotechnology to be left to
litigants like the FET. Regul atory agencies should be
responsi ble for the task of weaving together physically and
bi ol ogi cal |y pl ausi bl e scenarios for each proposed
application. Evaluation of such scenarios cannot rely on
expert opinion indefinitely; protocols for systematically
anal yzi ng bi ol ogi cal scenarios need to be devel oped. (See
Appendix 11l for a discussion of requirenents for usable

internediate testing protocols.) Wiatever approach is used

to eval uate adverse effect scenarios, technical risk

anal ysts shoul d define decision criteria for evaluation
prior to undertaking experinments. Based on the AGS case
analysis, it seems possible that this franework will be
based on qualitative characteristics of organisms and
ecosystens rather than quantitative paraneters. This could
have inmportant inplications for future risk nanagenent
practices.

The third recomendation is the support of research
el aborating biol ogy based risk managenent practices for
environnental application of biotechnology. In the AGS
case, Monterey County and the EPA only required the nost

rudi mentary physical control: siting. CDFA required

cheni cal biocontrol nethods that have clear limtations in

uncontrol |l ed environnents. | f the test was executed on

schedul e and the product colonized a substantial area off
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site, (the first step in EPAs adverse effect scenario)
nei t her physical or chemi cal control nethod would suffice.
Successful control of the risks identified in risk analysis
is a logical requirenent for managenent of future

envi ronnment al bi ot echnol ogy applications.

Rat her than relying on the accuracy of scientific
prediction at the frontiers of science, the engi neering
princi ple of using conservative design to achieve safety
could be applied to environnental applications of
bi ot echnol ogy. As Kenneth Drezler points out in The Engi nes
of Creation, risks fromnew applications of nolecul ar
bi ol ogy are unlikely to be reduced by attenpts to sl ow down
t echnol ogi cal devel opnent because of the types of benefits
that are likely to accrue to society fromcertain
applications of biotechnology. The design process, applied
t o biotechnol ogy products, would be a nore appropriate phase
in which to incorporate concerns about ecosysteminteraction
t han the outdoor testing phase. Potential risks from
eventual w despread depl oynent of environnental
bi ot echnol ogy applications may be reduced by nany orders of
magni t ude by appl yi ng conservative judgenent and
conbi nations of appropriately selected biol ogical control
nmechani sns. The hierarchy of biocontrol mechani sns can be
integrated into plans for staged testing of enviornmental
applications of biotechnology. Such an approach of course
depends on the willingness of both proposing and regul atory

organi zations to use these to avoid future potential risks
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and liabilities. On the basis of the uncertainties
identified in this report, the use of biology based contro
regi mens seemto provide the best technique for anmeliorating
the unique risks of environnental applications of

bi ot echnol ogy.
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QUESTI ONNAI RE FOR GOVERNMENT POLI CY ANALYSTS

Intervi ewer #

Interview #

Institution: (1) Govt. (2) Industry
(3) Trade Assoc. (4) P\iblic Int./Union
Position (1) Policy Analyst _ (2) Sr. Decision Mker

Type of conpany (1) Phar naceut i cal

(2) Processing natural resources or
agricul tural products

(3) Manufacturing products
(4) Public utility __ (5) Oher

I NTRODUCTI ON

As the letter and previous phone calls nmentioned, the
Uni versity of North Carolina's Institute for Environmenta
St udi es and the School of Business Administration are conducti ng
a conparative study of the use of scientific and technol ogi ca
informati on in nmaki ng decisions in the federal governnent and

private industry. The focus of the study is on non-routine
situations in which definitive scientific and techni cal
information is not availal)le and there isn't enough tinme to use
the nornmal procedures for gathering and anal yzing data. The

i nterview contains both closed and open-ended questions wth

possibilities for comments throughout. Please don't hesitate to
gi ve your opinion. Everything you say will be held in strict
confidence. Results of the survey will be reported in aggregate
formand no identification of individuals will be made.

We have organi zed the interview questions into three

secti ons:
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First, the methods used for searching and gathering

i nformati on.

Second, t he processes used to anal yze or synthesize

informati on and

Third, the techniques used to present the analysis and

reconmmendati ons to seni or deci si onnmakers.

SECTION |:  BACKGROUND ON AGENCY AND ORGANI ZATI ONAL UNI' T

Before we start, | would like to get some information on the
agency and organlz?tlonal unit in which you work. If it is
e

available | would like to get a copy of the organizational chart
of your agency.

Q B 1 Wen was the [INSERT AGENCY NAME] formed? _

HAND RESPONDENT THE | NDEX CARD PACKET WTH CARD "A" ON TOP AND
EXPLAIN,

| amgiving you a set of index cards which will be used in
answer'i ng Sofme of the fixed choice questions. Please use the
first card marked "A" to respond to the next question,

Q B2 How would you describe the primary role of the agency?*

RANKI NG | N TERMS OF
I MPORTANCE | F MORE THAN
ONE CATEGORY SELECTED

adm ni strati ve
regul at ory
resear ch
over si ght .
consul tati ve

JIRWNE

*1'F MORE THAN ONE CATEGORY, ASK:

How woul d you rank the categories you selected in terns of

i nport ance?

ENTER RANKI NG I N SPACE PROVI DED TO THE RI GHT OF THE
CATEGORI ES
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B 3 Wien was the [I NSERT NAME OF DEPARTMENT OR DI VI SI ON|

or gani zed?

B 4 How nmany people work in your unit?
(1) 1-5
(2) 5- 10
(3) 11-- 20
(4) 21--50
(5) 51-- 100

(6) over 100

B 5 Wiat is the primary academ ¢ background of people who
work in your unit?

B 6 HOWwoul d you descri be the m ssion and the
key responsibilities of your unit?

B 7 How woul d you describe your responsibilities in
the unit?

PROBE; Could you please flip to index card "B." If you had
to categorize your work, would you say the majority

of your time is spent in:
%

(1) adm nistration
(2) research
(3) analysis
(4) conmmuni cati on

If the respondent suggests anot her category, please
ask themto specify their other categories.

(5) other (specify)
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Q B 8 Vhomdoes your wunit primarily seirve?

PROBE; Wo else does it serve?

Q B 9 Wen a decision has _to be na?e wha the Torqgl chain
J

t s
of  conmand? tHAVE RESP6Nt ) fi 1)y BRAW DI AGRAM F
(neces™aRTT: —-----------

Q B 10 Who is the usual senior decision maker?
Nane
Title

SECTION |1: DECI SI ON BACKGROUND AND CONTEXT

Now |'d like you to select the npst recent issue you anal yzed
whi ch you woul'd characterize as involving a non-routine deécision,
one that had to be nade in a relatlvely short time period and in
which definitive scientific and technological information was not
available. The issue you select will be used as the basis for

subsequent questions. " The tine frame in which a decision had to
be made should be 3 to 6 nonths or |ess.

Q C Could you please briefly describe the issue/situation?

PROBE; Could you give the decision a | abel?
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C2 At the start, how long were you given to do the anal ysis?
_____ days

C3 Howlong did it actually take to conmplete the anal ysis?
___ days

PROBE; What were the key dates in terns of the start
and finish of the process?

STARTI NG DATE
ENDI NG DATE

C 4 What was the stimulus for deciding to tackle the
particular issue (i.e. howdid the issue cone to be
perceived as warranting analysis, what were the main

forces that brought it to decisionnakers attention and
the need for resolution)?

1) Press
2) Congr ess
3) Fromwi thin agency
4§ Fromw thin unit

5) Interest group
6) O her (specify)

C5 Please flip to index card "C." How inportant do you
think was the resolution of this issue to your agéency

(conpany)? [READ POSSI BLE ANSWERS yo RESPONDENTI

(1) not at all inportant
(2) not very inportant
(3) inportant

(4) very inportant

C 6 Wo was the person or persons who defined the issue?
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Q C 7 Wre alternative definitions of the issue considered?

*(1
((2)) ynGOS____

*IF "YES":! What alternatives were considered?

Q C8Ddothers fromyour agency work with you on this
assi gnnment ?

*1. Yes
2. No

[t*hIeFm”D\r(ES?”:{ How di d you organize internally to acconplish

Q C9 Wre other organizations involved in working on the sanme

i ssue?
*(1) vyes
(2) no

*I'F "YES":\ Wiich were the other organizations?

Q C10 CouI d ou pI ease descrl be t he chal n of command for _
GRg final Eo Icy eC|S|on | . ASK PERSON TO DRAW |
DI A MIFThls SEEM | FET. P
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C 11 Who was the senior decisionmker on this issue?

Nanme

Title

Q C 12 Please flig to index card "D." How know edgeabl e did
you consi der yourself on this issue prior to this
anal ysi s? |' feEAb POSSI BLE ANSVERS TO RESI AHDENT" J

(1) not know edgeabl e at al

slightly know edgeabl e
know edgeabl e

very know edgeabl e
expert

Q C 13 Did you have information on hand when you started to do
t he anal ysi s?

P Y Y
aPwN
~

* (1) yes ____
{2) no

[*IF "YES";t Could you please describe what the information

@ C14Lle 5r1 0 IR PSESS AL LyPps, O] por ol 1

questi onabl e?
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. SEARCH

Now | n1 0|n% to ask you questions on how you conducted your
searc for the SCI enti f| ¢ and technol ogl cal information that you
used in your ?o icy analysis, focusing~both on the source or

sources of information and the formin which you gathered the

informati on.

THE NEXT THREE QUESTIONS (SI, S2, S3) ARE TO BE RECORDED ON THE
CHART BELOW THE QUESTI ONS ARE TO BE REPEATED UNTI L YOU EXHAUST
THE SEARCH PROCESS. AFTER YOU HAVE ASKED ABOUT THE ' FI RST'

SOURCE THEY TURNED TO, THE FORM I N WH CH THE | NFORVATI ON CAME AND
THE REASON FOR CHOOSI NG THAT PARTI CULAR SOURCE, PROCEDE TO ASK

ABOUT THE SECOND SOURCE THEY TURNED TO, THE FORM REASON, THEN GO
TO THE THI RD SOURCE ETC.

ASK RESPONDENT TO FLIP TO CARD E AND TELL THEM THEY W LL
USE I T TO ANSWER A QUESTI ON ABOUT THE FORM I N VWHI CH THE
I NFORNVATI ON WAS OBTAI NED.

Q SI Were did you turn to first in your search for the
necessary scientific and technol ogi cal information?

Q 2 mwqumUOMwnthe|MOmm|mﬂ( Remnd themto |ook)

on CAl

Face-t o-f ace

Tel ephone

Per sonal docunents such as letters or nenos
Formal written docunents

Nuneri ¢ docunents

O her (pl ease specify)

SR RTINS

Q S3 Wy did you turn to (name source ST
N S2. etc.)?

Sour ce For m Reason Sel ect ed Usef ul ness

(si) (Q S2) (Q S3) (Q $4)
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Sour ce For m Reason Sel ect ed Usef ul ness

(0 sl) (0. S2) (0. S3) (0. S4)

4-

o. s+ \Wuld you please turn to Card F- | would like you to
descri‘be the useful ness_of each source of infoination you
used. rSO THROTGH THE LTFIT fIff J~TtURCRS and wpttr thf.------=---
RANKING IN  THE LAST COLUMW ON THE ABOVK CHART. P Did you"
£ind very useful sonewhat usef ul not very
useful , not useful at all?

1- Vei -y useful

2 Sonmewhat usef ul

3 Not very usef ul

4 Not useful at all

9- D.K.. NR (this is not on their card)

o- ss Could you please flip to Card G [ASK:1 Wiat was the
extent of 1 nvol venent of the senior decisionnaker in the
search process?

1 Wrked as team nenber

2 Monitored infornmation gathering
3 Provided tips on possible sources
4 - Not i nvol ved

5 Ot her

v«36 What other sources of S&T information would you anticipate
t hat your decisionmaker "client" would consult or would
gai h access to himor her?
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O S8
0. SQ
0. si
o sl

12 8

Did the educati onal background or personal characteristics
of the persons who woul d be nmaki ng the decision influence
where you went for infornmation?

* 1. Yes
2 No

1*TF "YES" J How did the decisionmaker' s backgro\ind
i nfluence where you went for S& i nfornation?

Were there statutory or |egal reauirenents that you had to
neet in acquiring information?

*1 Yes
2 No
1*TF " YES" VWhat were the statutory or | egal reauirenments?

Was the gathering of infornmation influenced by
organi zati onal uncertainties such as (Please flip to CARD
H) ?

1- Differences in values and perspectives
2 Conflicts over who woul d nmake i nportant deci sions

3 Uncertainty over the willingness of actors to
cooper at e

4 Lack of precedent for handling such situations
5- Ambiguity in mssion or objectives
6 St her

O Were there political pressures that influenced the
gat hering of information?

*1 Yes
2 No

[*IF "YES';] What were the pressures?

Ts this the typical search pattern that you use in
situati ons when tine is short and data unavail abl e?

1 Yes
*2 No

*TF "NO': What nmade it atypical ?


NEATPAGEINFO:id=5B49FB7B-48E0-494E-A43A-D118973B610F


129

I ANALYSI S

using the same case as pefore, |'d Iike to focus how you anal yzed
%e 9 %ornatlon you gatﬁered and how you eM/cong\usybns y

@A LRchlRBEOFRRS: e P3H"SHI O £0S 4"h" ERL! S0 &1 08 %s

bei ng uncertai n?

*1. Yes
(*lF "YESII £1§ Lllph 0u c% JaJ K’]V\iéls PJ due l

Icting data
resq . Jff erent fodel s~
ncertainty resulting frcan different |nterprerar|ons

resulting fromdifferent assunptions
/B bRl

g BooroE
cCc
S
o
@
2

| r ESPondent may pick nore Than one At”swen

PROBE; How did you resolve the questions of uncertainty?

Q A2 In the process of conducting
qu

your analysis did you use
any formal anal ytic techni 5

es?

| *MF "YES"; | What techniques did you use?

| *I'F "YES*O In retrospect how effective were these
t echni ques?

|*IF "YES';1 Did you use any particular conputer software?

1. Yes
2. No

| *IF "YES'T\  Wat software did you use?


NEATPAGEINFO:id=5D44875F-3C48-4C0B-A0B9-E5402758FECF


130
Q A4 How many professionals worked on the anal ysis?

[TVIM i THAR o; NEM .. ASK] J
Were any from outside your shop?

*Yes
No

*IF "YES":"J \Were were they fronf

° % RSB A PEGTR) ARED QN THE AVLISIS A

Row were differences anong the teairi menbers resolved in
preparing the report?

Consensus

Majority rule without vote

Majority vote

Dom nant i ndi vi dual

Referred to supervisor (s)

ot her Speci fy

O BwN

Q A6 \ere differin% opi nions of other groups who were not
included on the teamrepresented In the analysis
presentati on?

*1. Yes
2. No

| *IP "YES' ;'} HOWwere they included?

Q A7  Who or mhat_grougs reviewed the analysis and its
recommendat i ons before they were preSented to the senior

deci si onnaker ?
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Q A8 CDuI? you please flip to Card K What was the ?xtent of
I nvol venent the senior decisionmaker 1n the analysis and
drawi ng of concl usi ons?

1. Worked as part of the team

2. Reviewed the analysis and concrusions
3. Not I nvol ved

Q AS \Were there Political ressures fromany other group that
I nfluenced the draw nB of concl usi ons?
1) Yes
2) No

x| F " YES" \What were the political pressures and from
whont?

Q AO Isthis the typical attern of analysis you would use in

ot her non-roufi ne deci sions?

1. Yes
*2. No

*IF "NO'V{ What made it atypical ?

I V. PRESENTATI ON

PREENTAr] O O S [ ECRRRT O Yo THE SEROR B STolvikER s

Q Pl Howdid you present the information to the senior

deci si onimaker ?

Q P2 Do you have a standard reporting formt that you use?

* 1. Yes
2 No

r*iF~"YEE:" . | What is your standard reporting format?
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Have you found any one nethod of presenting S&T
informati on nore successful than ot hers?

How di d the educati onal background and the preferences of

deci sion maker influence the way you presented the S&T
i nformati on?

Did the senior dec:" sionitiaker want a detailed presentation
of different options or a single recommendation?

1. Different options
2. Si ngl e Recommendati on

How did you present scenarios which had el enents of
uncertainty?

Wor st case?

Most |ikely?

Best estimates?
ot her

A WONER

PROBE; Have you found any techni que nore successful than
others in conveying the type and extent of

uncertainty in scientific and technol ogi ca
informati on?

How di d you present decision options? | CARD L)

1. Consensus recommendati on of the staff
2. Alternative interpretations with arguments

f or and agai nst each
3. Majority reconmendation, with mnority views

e « >» & — « 3
4. Majority recomendation, with forna
r .11 nori ty r epor t

5. A her |, speci T vy
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Q P8 Did you use conputer graphics?

*1. Yes
2. No
tt "yes"; | Were they color?

I ; : o
a<||f "yes":f How effective are they in communicating?

QP9 Howinfluential do you feel that the scientific and
technol ogical information was in the final decision?
Pl ease flip to CARD M Was it:

1. Extrenely influenti al
2. Moderately influential
3. Slightly influenti al
4. Not influential at all
9 D.K. ., NR

| probe reasons for ans\\”er'::|
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GENERAL QUESTI ONS """ " AN

| amgoing to ask you a few general questions.

In general, do you feel that science or technol ogica
i nformation changes policy makers m nds?

1. Yes

IR your experience, do fhe eni or  deci si onnakers, under st and
the science or technical information that underpins. policy?

Pl ease ook at Card N Wuld you say that nost senior
deci si onnaker s,

good under st andi ng
basi ¢ under st andi ng
m ni mal under st andi n
n

1. a
2. a
3. a L :

4. don't reaIIy_understané350|ent|f|c and technol ogi ca

informati on

| f. you were to advise a youn% new POlIC% analyst of the
skills Ihey,need to deal "wth non-routine policy decjsjons
wth scientific and technol ogi cal conponents, what skills
woul d you reconmend they | earn?
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VI . Bl OGRAPHI CAL

| D LIKE TO END THE | NTERVI EW BY ASKI NG YOU SOVE BACKGOUND

QUESTI ONS.

VI, Could you sketch your education for me, including college

maj ors” and degr ees

FOR UNDERGRADUATE DEGREES: | F ANSWERED W TH A UNI VERSI TY BE
SURE TO ASK VH CH COLLEGE

Col | ege Dat es Degr ee | 4aj or

V2. How | ong have your worked at your current job?
V3 b RS SEEED Rl BN o T e Y s

of what your jOb ent ai | ed?

Enpl oyer Dates Job Responsibilities

V4. Do you consider yourself a federal career enployee?

1. Yes
2. No

V5. In what year were you born?
V6.. What is your GS level?
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APPENDI X 11

TECHNI CAL BACKGROUND FOR THE ACS CASE

Technol ogy

In addition to catalyzing to a quantumleap in nman's
qual itative understanding of biological systens, nodern
bi ot echnol ogy permts exponential quantitative decreases in
the tine it takes to acconplish tasks of conventiona
applied genetics. Not only a new research tool, nodern
bi ot echnol ogy can al so be viewed as an extension of
historical methods of genetic control and selection used in
many commercial processes |ike fermentation and ani nal
breeding. Striking success in bacterial genetics research
suggests that some genes with special properties can now be
added to the normal coterie of functions to add speci al
functionality to bacteria for anbient environnent
applications. (Ofice of Technol ogy Assessnent, 1981)

As a result of both scientific and technol ogi cal
advances, many conpani es have been formed to conmercialize
new processes for making existing products and to devel op
entirely new products for many industries. Diverse
environnental applications targeted by US biotechnol ogy
conpani es include plants breeding, mcrobial pesticides,
mcrobial fertilizers, netal mning enhancers, waste
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processing, artificial snowraking, silvaculture, and
pol yners nmateri al s.

Wi | e many product concepts have emerged since the
advent of biotechnol ogy, substantially nore effort is needed
to produce a commercially viable product than sinple
introduction of a viable gene for the functional product
into a convenient vector. The challenge of obtaining
overexpression of introduced genes in nev organi sms has
reveal ed a variety of organismal control nechanisms. In
many cases, years of research are needed to deternm ne what
factors are responsible for controlling functional

expressi on of new genes.

B. The Technical Basis for the AGS FROSTBAN Product:
Pseudononas fl uorescens and Pseudononas syringae

Pseudononas fl uorescens and Psueodnonas syringae are two
of over fifty distinct strains of the diverse bacteria
genus Pseudononas. Menbers of this genus are found in the
air, water, as well as on plants and animals. Pseudononads
are 1.5to 4 mcrometers long and 0.5 to 1.0 mcroneters
wi de, and appear to be shaped like slightly curved rods
under the mcroscope. (O arke, 1980) Pseudononas as a genus
are nost notable for their ability to utilize a wde
variety of substances (including nitrate and hydrogen gas)
as energy sources. Some individual strains that live in
human, animal, or plant hosts can cause the hosts some

del eterious effects. Accordingly, these have been
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classified as opportunistic human pathogens and as specific

pl ant pat hogens.

Hi storically, pseudononas have not received the rich
attention that nodel species such as Escherichia coli and
Sacchromyces yeast have received. This is in part due to
the arbitrary choice of certain species for the first
rigorous nol ecul ar analysis in the early 1970s. Also, nmany
met hods for studying bacterial genetics require cloning
experiments that were only permtted in specially
constructed "safe" E. coli systens in the md 1970s. One
strain of Pseudomonas has received a good deal of attention
because of its apparent clinical inportance: Pseudononas
aeroginosa. This strain is an opportunistic pathogen that
Is often isolated fromsecondary infections of burn victins
in hospitals. It is particularly bothersome because it has
or can acquire resistance to nost therapeutic antibiotics
avail able. (C arke, 1980)

In the 1980s, psuedononads have received nmuch nore
attention for a variety of reasons. First, their ubiquity
in soil, water, and air, has made them candi dates for
envi ronment al application products that can now be
envi sioned. Zaugg and Swarz (1982) suggest that
Pseudononas, Aci netobactor, and Fl avobacteria will be the
nmost used genera in the chem cal industry, while
Thi obaci | lus, Leptospirillum and Sul fol obus nay be used by

the mning industry to pronote |eaching of valuable
mnerals. (OTA, 1981) The NIH restrictions on use of
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natural |y occurring bacterial hosts for reconbi nant DNA
experiments were lifted in the revised 1978 NIH Points to
Consi der Notice. (MIlewski, 1985) Finally, biochemsts and
mol ecul ar bi ol ogi sts have become interested in expanding the
know edge of non fermentative, aerobic netabolismand multi-

substrate catabolismthat many Pseudononads perform
(d arke, 1980)

The ACS FROSTBAN product is a mxture of deletion
nutants of two bacteria, Pseudonmonas syringae and
Pseudormonas fluorescens). In tenperate climates,
Pseudononas syringae and Ervina herblcola are two of the
| eadi ng bacteria that inhabit the |eaves of plants.
Pseudormonas fluorescens is primarily found in the soi
associated with plants. Pseudononas syringae i s not
consi dered a human pat hogen. Pl ant pathol ogi sts have
descri bed pathogenic relationships that some strains of P.
syringae has with certain types of fruit trees.

Phyt opat hogeni ¢ pseudononads such as P. syringae generally
have relatively narrow host ranges. The appearance of
Pseudononas infections varies depending on the host tree and
bacterial strain. They often have the appearance of dark,

i npl oded soft spots on bark tissue. (Munt, 1980)

Apparently, P. fluorescens. P. syringae. Erw na
herbi col a and perhaps other bacteria secrete a |ipoprotein
fromtheir cell wall onto the surfaces of plants.

Li poproteins are protein nolecules with a hydrophobic |ipid
conponent. Lipids are the basis of fats, which naturally
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repel water. Goups of water molecules on the plant surface
are induced to align thenselves wth one another in a
crystalline formation in the presence of this protein. This
I nduced al i gnment of water nolecules can drastically reduce
the time necessary for a given amount of water to turn to
ice at a given tenperature. Wthout sites that catalyze
nucl eation, water can exist at tenperatures bel ow O degrees
Cel sius in a supercooled state for a long tine. In addition
to bacteria that secrete |ipoproteins, other agents

i ncluding chemcals, dust, and pollen can act as ice

nucl eati on centers. However, the rate at which ice is
formed on a given surface seens to depends on the ice

nucl eating (I NA+) agent that is active at the highest
temperature. The nost efficient ice nucleating agents at
tenperatures just bel ow thernodynam ¢ freezing (0 degrees
Cel sius) known are strains of P. syringae such as £.

syringae pat hovar syringae.

A certain percentage of naturally occurring Pseudononads
do not secrete this ice-nucleating (INA+) protein. (Lindow,
1979) The tenperature at which frost fornms on outdoor plant
| eaves with a given anbient concentration of water vapor
depends on the nunber of nuclei that are fornmed by E
herbicola and p. syringae and secreting that protein on the
| eaf surf aces.

Li ndow hypot hesi zed that application of a mst of
bacteria that are selected for their ability to secrete the

I NA protein would increase the rate at which ice crystals
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are formed on plants. Conversely, the highest tenperature at
which frost forns on the |eaf surface could be lowered if

| NA+ bacteria were killed or displaced by a mst of |NA
bacteria sprayed on the plant. Subsequent experinents using
E. herbicola isolates on corn in growh chanbers and in the
field bore out this hypothesis. (Lindow 1978)

Li ndow, the son of an Oregon farner, realized the
potential capability of this experinental technique to
provide frost protection for grow ng plants. Subsequently,
using a sinple bacterial screening technique, Lindow
prepared a mst of INA- pseudononas syringae and P
fluorsescens and sprayed it on corn plants to test its
ability to control frost formation outdoors. The |NA-
strains colonized the surface of the plant |eaves and
| owered the de facto frost formation tenperature by 2-3
degrees centigrade. (Lindow, 1984)

Subsequent research by Lindow s col | eagues at the
University of California at Berkeley established that a
smal |, 256 base pair gene codes for the INA protein.
Disruption of the ice nucleation (INA) protein gene results
in INA- Pseudononads. It is not clear whether naturally
occurring INA- bacteria do not produce the INA protein, form
an inactive ice nucleation |ipoprotein, or sinply fail to
secrete it onto plant surfaces where it can provide a
nucl eus for frost formation. (Orser, 1980)

Establ i shed genetic engineering techniques pernmtted
this gene to be deleted fromthe genome of the | NA+ £,
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syringae. Wen the 266 base pair gene is deleted, the
potential for the bacteria to revert is reduced
dramatically. Instead of requiring a mere single base pair
change to stop secretion of an active INA protein, a nore
unlikely simultaneous change of thousands of base pairs
woul d have to occur to cause phenotypic reversion to | NAt
now. Since the daughters of engineered INA- cells would not
have the genetic material that codes for this protein, its
recurrence woul d be extrenely unlikely. Rather than arising
from background rates of random nutation, functional |NA
reversion with the genetically engineered | NA- del etion

mut ant woul d now be virtually inpossible wthout entrance of
exogenous viral or bacterial DNA containing a gene for a
simlar protein, or strong selection pressures over a nunber
of generations. (Colwell, 1985)

Since the genetic nodification is a deletion of a
unitary segment of bacterial DNA, the product is nuch
sinmpler to construct than many genetically engi neered
organi sms. Because no extracellular genetic material is
i ncorporated into the Pseudononads' genone, the |ikelihood
of the manipulation resulting in a conpletely dysfunctional
bacteria is low. In contrast to nost biotechnol ogy
products, FROSTBAN requires that the gene of interest, the
gene that codes for the ice nucleation |ipoprotein, not be
expressed for the application. Accordingly, the technical

barriers to producing it seem quite nodest.
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Application of FROSTBAN is intended to reduce frost
damage in annual conmercial agricultural plants. The nost
wi dely used current method of preventing frost damage are
relatively ineffective snmudge pots that burn at night to
rai se the tenperature of fields at marginal frost
tenperatures. Since FROSTBAN does not rely on changing the
ambi ent tenperature but rather on displacing plant surface
mcroflora that serve as nuclei for ice nuclei formation at
near freezing tenperatures, FROSTBAN woul d represent a novel
t echnol ogi cal approach to agricultural frost protection.

Wil e there are sone conventionally sel ected bacteri al
preparations used to kill other plant pests, FROSTBAN woul d
be anong the first agricultural product intended to
extingui sh a nonpathogenic functions of native bacteria.

For this reason, FROSTBAN s net hod of action can be

consi dered novel. Wile there are a host of conpanies that
provide inputs to the plant agricultural process, this
application is not a cultivar nor a pesticide, nor a
chemcal fertilizer. As such, it is an early exanple of a
potential biotechnol ogy product that provides a new
commercial function in an existing narket sector.

Fromthe successful production of |NA~ clones on, work
on the FROSTBAN product can be consi dered devel opnent rather
than research on a technical activity spectrumranging from

basic research to applied research to devel opment, to pil ot

scal e denponstration to commerci al scale denponstration to to

commer ci al use. In the US, there is a tradition of
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conpani es picking up product ideas after the universities
have shown the feasibility of a product concept in research
situations. It is in the context of devel opnent and pil ot
scal e denonstration activities, rather than as either pure
or applied research, that the AGS proposal to field test

genetically engineered I NA- P. syrlngae should be

consi der ed.
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Appendi x 111

Underlylng Scientific and Technical |ssues that
Arose in Eval uation of the AGS EUP

The AGS EUP review process may be viewed as a w ndow on
both scientific and technical issues that are likely to
recur in future analyses of environmental biotechnol ogy
applications. Some of these scientific and technical issues

are di scussed bel ow.

A.  Are Inmpacts Dependent on the Initial Dose?

As suggested earlier, the threshold dose concept that is
central to toxicological risk analysis of chem cal hazards
was assumed in EPA's analysis. In contrast, CDFA seened to
general ly assume a digital, threat/no threat concept that is
characteristic of mcrobiological analysis. In its analysis
of the AGS transportation permts, CDFA did not assume any
adverse effects woul d exhibit quantitative, dose-related
threshol ds. Monterey County seened to assune a threshol d
based concept of risks fromthe test, albeit with a
different decision point on the theoretical dose response
curve than EPA apparently had. Accordingly, the Mnterey
County Board of Supervisors initially indicated to AGS that
a nutually defined test site renote fromthe popul ation
centers of the county could be acceptable. Apart fromthe
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potential merits of utilizing a quantitative threshold
assunption in specific atnospheric or plant pathogenesis
contexts, the assunption that risk can be limted by the
absolute quantity of the organisnms that are applied is
oblivious to the reported capacity of bacteria and viruses
to reproduce exponentially fromliterally undetectable

numbers if conditions become favorable for their growh.
(Al exander, 1985)

B. WII horizontal transfer of genetic material alter
envi ronnental function of GEM or native organi sns?

None of the regulatory arms of the organizations we
surveyed consi dered possible inpacts resulting from
uncontrol | ed, probabilistic transfer of genetic material
fromthe GEMto naturally occurring mcroflora or from
related bacterial taxa to the GEM popul ation. The ability
of living organisns to transfer genetic material also
confers the potential for an organisms functional properties
to change substantially. The rates of transfer of genetic
material fromone species to another are quite | ow but
quantitatively estinmated for many types of possible crosses.
(Strauss) As long as there are no limtations on the time
that the CEMs will remain in the environment, risk
assessnents shoul d assune some genetic transfer will take
place as a result of the reproductive capabilities of nornal
m croorgani sms. Potential hazards could result from

I ncorporation of elenents of extant environmental genes or


NEATPAGEINFO:id=57C8ECFC-1C92-49B8-9EED-100DFC703613


147

fromcontribution of introduced genes into existing

ecosystens that can alter the functional abilities of the

i ntroduced GEMin a new environnent.

|dentity of Cenetically Engineered M croorgani sns
The relationship between the identity of the AGS | NA-
CEM its parents, and naturally occurring INA- bacteriais
somewhat nore subtle than the sunmaries of each review ng
organi zation given in Table 11 suggest. In an SAP Subpane
neeting, Robert Colwell noted,
"the chem cal nmutagens (INA- bacteria obtained
by a process of chem cal nutagenesis of |NA+
parents and selection for I NA- daughters) are
not as effective at repressing the nucleation of
ice as the (genetically engineered) deletion
mutants. They are not in other words identical
in their phenot Pe even regarding the ice-mnus
characteristic { or which they were selected)."”
(Col wel I, 1985)
Hi storically, bacteria have been identified and

classified on the basis of their observable characteristics,
or phenotype. Mre recently, nolecular biology has devel oped
techni ques for experinentally, directly assessing the

genetic content of bacteria. As a result, another basis for

determning the identify and classifying bacteria is

avai l able. Sone traditional classifications of bacteria
have been thrown in disarray by the use of nodern genetic
anal ysis. Moreover, the relative inportance of genetic

conposition in relation to observable, functiona
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characteristics of bacteria is a matter of controversy anmong
bact eri ol ogi st s.

An alternative to using the visible INA function as an
indicator of the identity of AGS GEMis the use
physi ol ogi cal conparison tests such as those reqpiested by
CDFA to conpare biochem cal functions of GEMs and parents.
There was no inputed relationship between I NA function and
t hese biochem cal functions. In the AGS case, CDFA reported
that the GEM had the sane response pattern to a battery of
bi ochem cal and physiol ogical tests as the | NA+ parents of
AGS GEM A potential problemwth using physiology tests
as an indicator of simlarity of GEMs to their parents is
the question of how to evaluate the significance of
differences that are found between responses of other GEMs
and their parents to physiological test batteries. The
inplicit criterion used in the AGS case by CDFA, that the
more simlar the GEMis to the parent, the better its
behavi or can be nodel |l ed by the parent, may not be useful if
the genetically engineered trait's are novel or independent
of the functions assessed in the physiological test battery.
These problemw || be exacerbated when organi sns that are
more different from predecessors than AGS bacteria are from

wld type P. fluorescens and syringae.

C. Conpetition and Ecosystem Function Eval uation
SAP Subpanel menber Susan Hirano suggested that the
question of whether the AGS organismis considered novel or
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natural may not nmake a difference in evaluating the
potential risks posed by its introduction into given
ecosystens. The question of how to evaluate risks from new
organi sns in a given ecosystem whether genetically

engi neered, the result of naturally occurring reconbinatory
processes, or physical transport, is affected by the other
participants in a target ecosystemas nmuch as by the
identity of introduced organisms of any sort. (H rano, 1985)

Conpetition between AGS |INA- GEM and natural mcroflora
was a key issue in EPA and Monterey County anal yses. As
noted previously, a variety of alternative and alterable
conpetitive balances can be expected to result fromfuture
CEM i ntroductions. Evaluating the |ikelihood of these
outcone profiles on the basis of indoor greenhouse tests and
current theory is problematic.

Current theory suggests that mcrobial conpetitionis
affected by a variety of environnental conditions including
the presence of water, heat stress, organic nol ecul es, other
m crobes, and many other factors. The conpetitive bal ance
between m crobes may be drastically different on two sides
O alcmsoil sanple. Accordingly, know edge of
environmental conditions seems critical to any effort to
predict mcrobial conpetition.

Det erm ni ng what events woul d constitute an ecol ogi ca
dislocation if offsite colonization occurs is a thorny
question that was not explicitly tackled in any eval uation
of the AGS field test. For exanple, changes in
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precipitation patterns were viewed as an adverse effect, but
no standard was devel oped to determ ne when the atnospheric
ecol ogy was substantially changed, or changed enough to
cause a terrestrial ecological dislocation. An illustrative
standard coul d be, "a dislocation occurs if the percentage
of INA+ bacteria in low lying rainclouds would be reduced by
a factor of 5 or nore follow ng application of an I NA- m st
on 100 acres of fields underneath the atnospheric
experinental area." Determning ecological dislocation with
such criteria requires devel opnent of goals for ecosystem
integrity. These goals in turn depend on current know edge
about ecosystem function and current thought about the role
of man in ecosystens.

The National Environmental Policy Act (NEPA) set one
| egal standard for ecol ogical dislocation: prevention of
species extinction. The ecology literature has recently
provi ded suggestions that intact ecosystemfunction can be
eval uated in terns of continuance of mcrobial nutrient
cycling processes, community menbership stability, and
I npact on higher trophic levels. (Cairns, 1986)

Ecol ogi cal risk assessment for future environnental
applications of biotechnology will require the refinement
and conparison of ecosystemintegrity indicators fromthese
al ternate conceptions of intact ecosystem function.

Eval uating the significance of disruptions to existing
ecosystens is likely to remain a perplexing problem because

some el ements of natural environments and human society are
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likely to gain and others to |lose fromdifferent types of
envi ronnental biotechnol ogy nedi ated ecosystem al teration.

Two conpeting | enses through which to view the
ecol ogi cal consequences of EBA introduction have been
introduced in the scientific literature. Wnston Brill,
Director of Research for Agracetus, has suggested that the
most appropriate lens through which to view the introduction
of environnental applications of biotechnology is the Iens
of commercial agriculture. For hundreds of years, nan's
know edge of genetics has been harnessed to introduce
literally thousands of new varieties of plants and aninals.
These changes have been acconplished, with isol ated
exceptions, w thout weaking whol esal e ecol ogi cal danage.
Thus, the introduction of genetically engineered mcrobia
pesticides can be nodelled by exam ning the inpact of
I ntroducing large quantities of conventionally selected
m crobi al pesticides into agricultural environnents. |In the
absence of reports of significant ecological disruption from
such anal agous introductions of new species into a variety
of man nmade environnents, one could conclude that simlar
i ntroductions of genetically engineered mcrobes, plants, or
animal s woul d not present a threat to continued ecosystem
functi on.

Frances Sharpless, an ecol ogist at Oak R dge National
Laboratory, suggests that a better |ens through which to
view the ecol ogi cal consequences of environnental

bi ot echnol ogy introductions is the history of the
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I nadvertant spread of natural organi sns brought to new
environnents. She notes that man has served an unw tting
vector for nmany pests that have hurt econom cally inportant
plants (e.g., chestnut blight) and created ecol ogi cal

nui sances (e.g., the gypsy noth, Kudzu vine, and cockroach).
Wi | e she agrees that only a fraction of inmmgrating species
produce ecol ogi cal dislocation, she does not believe that
avai | abl e ecol ogical theory permts prediction of what new
species or newtraits are nost likely to penetrate existing
bioti c assenbl ages and cause ecol ogi cal dislocation. She
suggests that "stressed or sinplified environments (such as
commercial monocul ture agriculture) are nore vulnerable to

successful invasion."(Sharpless, 1982)

D. Technical Requirements for Mnitoring and Control

EPA required AGS to nmonitor the soil, insects and plants
inthe vicinity of the test site for the presence of GEMs.
In order to develop its capabilities for aerial monitoring,
EPA's ORD pl anned to conduct aerial nonitoring during the
field test. In the AGS case, Steven Lindow had al ready
devel oped a sinple, efficient protocol for determning the
| evel of | NA+ bacteria on natural surfaces. The devel opment
of equally sensitive assays for presence of GEMs on the
basis of their genetic content is a current EPA research
priority. The utility of nonitoring GEM presence in the
environnent for scientific research in early field tests

like the AGS proposal is obvious. However, the regulatory
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utility of a well devel oped nonitoring capability wthout a
concomtant ability to control the environmental behavior of
the GEM and/or its genes seens questionable. Control

t echnol ogy options received |ess attention in EPA and
Mont erey than i n CDFA.

In contrast to EPA, CDFA did not require nonitoring but
did require sinple physical and chemcal controls. The
physical controls included respirators and personal
protective equi pment to prevent overexposure to the AGS
technicians during application. The chemcal controls were
anti bacterial chemcals designed to kill bacteria on
equi pment used in the field test and on the test plot in the
event an unanticipated outcome occurred. The requirenment of
personal protective equi pment for applicators was cited as a
cause of concern by both Mnterey County citizens and
Mont er ey County deci si onnmakers.

Techni cal controls for OEMs can be profitably divided
into three classes with different properties: physical,
chem cal, and biological. Physical controls range from
sel ection of sites renote frommjor popul ation centers to
use of negative pressure greenhouses or tents to contain
CEMs. EPAs site selection requirement was a physical
control, though it was not closely tied toits scientific
risk anal ysis. CDFAs personal protective equi pment
requi rement was also a physical control. CDFA s proposed
use of chem cal bactericides to control possible offsite

col oni zation is an exanple of chemcal controls. Biological
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controls for GEMs range fromthe presence of conpeting
natural Iy occurring organisms to the selection of organisns
with tenperature ranges that restrict their growth potentia
in a given environment to the engineering of test organisns.
For plants, biological controls include excision or covering
of sexual parts of plants, and the use of species that do
not cross pollinate. AGS said that competition with wild
type Pseudononads was a natural biological control on the
proposed FROSTBAN experinent. No other biological controls
were nentioned in the anal yses of the AGS case. The types

of controls required in the AGS case are shown in Table 18.

Tabl e 18

Controls Required for Execution of AGS Field Test

Organi zati on Type of Control Required

Physi cal Chem cal Bi ol ogi cal
EPA Siting . -
CDFA - Pr ot ecti ve
Cear Bact eri ci des ---

MC Siti ng

Physi cal controls were the preem nent class of contro
in regulatory decisions on the AGS field test proposal.
Chem cal controls were only detailed by one organi zation.
Bi ol ogi cal controls, except for natural conpetition with
native mcroflora, were not required by any of the three

organi zati ons.
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Physi cal controls seem best suited to control of |arge
animal s and plants. The use of any chem cal control for
controlling mcrobial reproduction seens less likely to
provide long termprotection fromnovel bacterial strains
than animals or plants because of the adaptive ability and
rapid reproductive rates of bacteria. Biological controls,
i ncluding genetic engineering seemto have the greatest
potential for controlling undesired GEM activity.

The engineering principle of mnimzing risks through
desi gn conservatismcould be applied to both environnental
bi ot echnol ogy experinents and conmercial applications. Even
i f certain risks cannot be quantitatively analyzed in
advance of a field test, they may be reduced by application
of appropriate control technol ogies. (Drexler, 1986)
Artificial biological controls were used in conjunction with
both chem cal and physical controls to anmeliorate unknown
potential risks fromescape of errant genetic engineering
projects fromlabs in the md 1970s.

A strategy for mnimzing risks fromearly environnenta
appl ications of biotechnology could employ a variety of
bi ol ogi cal controls to reduce the potential risk of such
applications by many orders of nagnitude. A first tier
control could involve selection of test organisms. Early
experinents coul d use aninals that have extensive physical
barriers to extra-species gene transfer to exam ne inpacts
of new genes on ecosystemdynam cs. Plants have a | ower

| evel of genetic stability than animals, however, they are
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still orders of magnitude nore stable than bacteria. Among
bacteria, certain genera have shared fewer genes w th other
speci es over the eons. Transposable el ements of DNA call ed
plasm ds are necessary for nuch interspecies bacterial sex.
Certain species bear |ess nmobile plasmds or none at al
under nost conditions. Pseudononads bear plasm ds and

chem cal antibiotic resistance has been denonstrated to be

borne on plasm ds for one species of Pseudononas. Use of
this tier of biocontrol would have elimnated the AGS strain
fromconsideration and prioritized other genera for early
del i berate environnental experinents with CEM.

A second tier of control of environmental applications
of biotechnol ogy could involve the growth requirenents for
CEMs. OEMs coul d be devel oped from species with narrower,
more specific growh requirements, so that the |ikelihood of
their colonization in a given set of environmental
conditions woul d be [ower than a generalist organismnore
suited to those conditions. One analogy for this type of
control is the introduction of tropical plants into
temperate agriculture. These plants, because they could not
survive the tenperature fluctuations of tenperate climates,
shoul d be nore controllable as a result of their higher
tenperature requirenment. (Pinnental, 1987)

Athird tier of biological control could feature
modi fications of the GEMs thensel ves including use of
genetic engineering techniques. Genetic engineering can be

used to locate potentially deleterious genes on stable parts
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of the nucl ear genone rather than on nore nobile plasm ds.
Genes for both sexual and asexual genetic transfer can be
removed from GEMs, thus decreasing the probability of
transm ssion of genetic material fromthe GEMto ot her
organi sns. Unique physical or nutritional requirements can
be given to GEMs designed for field use. For exanple, the
provi sion of an synthetic organic chem cal w thout many
natural structural analogs could be required for an
environnmental GEM to function. The extent of the GEM
application could then be limted by the extent of the
provi sion of the special chemcal nutrient. Finally,
irradiation of bacteria can prevent them from reproducing.
While it seens inpractical to irradiate a field of
I ndeterm nate size to control reproduction of CGEMs, prior
irradiation of bacteria to prevent reproductive explosion on
rel ease could work for sonme applications if the function is
not debilitated by this process. AGS irradiates its
conventional ly selected INA+ P. syringae SNOVAX product to
control offsite replication. Wiile nost of these third tier
control nechani sms woul d reduce the viability of the GEMin
natural ecosystens, they could provide additional assurance
that risks are controllable in the early years of
envi ronnental bi ot echnol ogy. (Strauss, 1985)

VWil e biological controls have the promse of mtigating
sone ecol ogi cal risks of proposed environnental
bi ot echnol ogy applications, conplex problems relating to the

integration of such controls with the functional and market
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needs of environnental biotechnol ogy applications need to be

resolved for this approach to be used wi dely by conmerci al

entities.
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