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Abstract

There is a growing body of literature on the safe use of biotechnology and the need for an
international biosafety protocol and national regulations to facilitate the safe development and
transfer of biotechnology. Most of these studies, however, address the issue of biosafety from a
scientific, legal, environmental and organizational perspective. The purpose of this paper is to add
to this discussion by providing an economic perspective on regulating products of agricultural
biotechnology, with special emphasis on implications for developing countries who are under
increasing pressure to put a biosafety framework in place. The paper provides a brief discussion
on the economic rationale for biosafety regulations, explains the economic benefits and costs of
biosafety, and discusses the appropriate form of biosafety policy and the effects of regulation on
resource allocation.

The benefits of biosafety discussed include - the reduction of possible human and environmental
risks of biotechnology products and "accident" costs to the society; increased piligiciah

research organization of the expected time and money to get a new product on the market;
making the products of biotechnology accessible to a country; and the provision of certainty and
stability to the social frameworkenessary for the development of biotechnology research and
development activities. Developing countries should balance these potential benefits with the
tangible costs of biosafety regulation to the biotechnology organizations and the society. To a
biotechnology organization, biosafety will increase the research lag, production costs, transaction
costs and marketing costs. Given the scarcity of human and physical resources, setting up a
biosafety system also poses opportunity costs to the society.

The following issues need careful examination in designing a biosafety policy in a developing
country: the goal of biosafety policy; the appropriate means of controlling risk; the impact of
biosafety on scientific development and private investments; the impact of biosafety on the
international transfer of technology and international trade; the incidence of biosafety costs; and
the size of biosafety system.

Keywords: Biosafety, economic aspects, developing countries, agriculture, biotechnology,
research
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1. Introduction

In mary develging countries trational agriculture andplant breedig programs are
now beirg supplemented lg genetic egineerirg techngues. These include tissue culture
techngues toproduce disease free seedbnnew formulations for animal vaccines and
growth hormones, and more recgritie develpment of trangenicplants. Biosafet, which
is used here to encqoass thepolicies andprocedures adued by agovernment to ensure the
safe pplication of modern biotechnadyy, is a tgic which haggenerated a widpublic
interest in recengears as more and more countries field test gems crgs develped by
their own national laboratories or internatiopablic andprivate research ganization$ (De
Kathen, 1997).

While a magority of industrialized countries have biosgfedgulatoly procedures in
place, the situation in devgdmg countries isquite different. Vigin (1997)points out the
results of a 1995 Biotechn@g Advisoty Center surwg which indicates that oplabout ten
percent of the deveping countries have grestablished biosafetegulations. In the absence
of a clear biosafgtregulations andyuidelines, countries nyanot be able to take advagéaof
the international transfer of modern biotechigs.

The role of rgulatoly issues in the discussion of biotechmgyloeflects the increasin
awareness of the influence of law on techggldechnolgy on socief, and the increasin
pressure fopolicies that antigate rather than react to new techmggio There is arowing
body of literature on the safe use of bidteology and the need for an international biosafet
protocol and national geilations to facilitate the safe devpioent and transfer of
biotechnolgy. Most of these studies, however, address the issue of bjosafata
scientific, legal, environmental and ganizationapergective (Lesser and Malopel993;
Perslg et al., 1992; OECD, 1992; Pengld990; OTA, 1988). Thpurpose of thigaper is to
add to this discussiorylproviding an economipergective on biosafgtregulation of

products of gricultural biotechnolgy.

! Research organizations as used in this paper refers to all firms, corporations, laboratories,
institutes and centers, whether publicly supported or private, national, international or multinational, that
are involved in some aspects of agricultural biotechnology research and development.
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Societies are copnised of a number of gelatory systems. Regulation involves
choices between alternate rules ofghene and between alternate gsmients of ghts that
areprior to economic angsis. Thus, a caveat to note is that economics can no more tell us
what biosafet rules and ghts structures should be than whether and wiyatdtural
biotechnolgies should exist. For an economist to aver the substance of hyagsgigations
is equivalent to assertopthe rules and ghts structures and to reachybad economic
anaysis. Thepurpose of thigaper, therefore, is to address several economic issues rather
than conduct an economic assessment of bigsalfietaddition tgproviding a brief discussion
on the economic rationale for biosafe¢gulations, the three géctives of thigpaper are to
explain the economic benefits and costs of biogafgtpropriate form of biosafgtpolicy, and
the effects of rgulation yon the allocation of resources. Theplimations of these issues
discussed in thipaper are pecially geared towards devglmg countries who have been
lagging behind in buildig a biosafet regulatory cgoacity but are under increagjpressure to
put a biosafet framework inplace. For exaple, the Convention on Biogical Diversity has
recenty set-yp an international biosafgprotocol to facilitate and ensure the establishment of

a biosafef regulatory framework in develping countries (Vigin, 1997).

2. Biosafety Regulations: The Perspective of Economic Theory

The economicsterature contains figuent evaluative assertions to the effect that
regulationper seproduces inefficiengor distortions (Samuels, 1981). In fact, one can
dengrate ary law or legal chame as inefficient (in the connotation direto optimality
because law is not voluntaadustment and loss accrues to some former holderghasri
Hence, minimungovernment intervention andge@ation have been advocategmlitical
economists ever since the time of Adam Smith. pideghis lorg-held view from the
discipline of economics, ulation, includirg biosafey, can be economicgljustified by its
function of manging agects of the indetermingcuncertaing and risk in the rgulated
industy.

Two alternative views about thegrdation of an indusgrare widey held in the
literature of eonomics of rgulation. The first is that geilation is institutegorimarily for the

protection and benefit of thgublic at lage or some lage subclass of theublic. The second



view is essentigfithat thepolitical process defies rational glanation. In other words, thie
areguided by unpredictaby shifting mixture ofpolitical forces (Swler, 1971). The evidence
of activeparticipation by the scientists, biotech cqanies, consumegroups andpolicy

makers in the debate about the extent of gaégtilations needed for the new biotechrgylo
products lends qaport to the view that biosafgtegulations are for therotection of either the
industry, consumers, researchganizations or theublic at lage (Crawford, 1990; Schneider,
1993).

Although biotechnolgy is expected tgoroduce valuabl@roducts that W increase
crop yields, reduce chemical apesticide use or increase the efficigiof agricultural inputs
and ouputs,questions have been raised aboutgbssible side effects of biotechngies in
the form of mgration ofgeneticaly ergineered aganisms (GEOSs) to other environments and
other deleterious ecaial, property and human health effects (Betz et al., 1983). As a
result, thepossibility of harm from thegeneration of this new techn@gpis an externaljt
requiring public policies to transfer the costs pmsed on the societo the externalit
generator.

Biosafet can be viewed as a mechanism for contrglthresepossiblestochastic
externalitieggenerated fromgricultural biotechnolgies. Biosafet regulations induce the
externaliy generator (biotechnotfy research @anizations public andprivate) to internalize
thepossible costs (discussed in later sections) to be involynitapbsed on others. Since,
most of the develang countries do not have agatoly framework comrehensive enain
to enconpass theroducts of new biotechnades, investments incurred thegovernment to
devel@ a biosafet system can be similariviewed as inducigthe presentgeneration to
internalize the costs involuntariimposed on futurgenerations.

Thus, from an economigergective, biosafgtrepresents a mechanism of transfegrin
the costs opossible "accidents” (externalities) to be incurrgadpgiculturists (in the form of
increasegestproblems, reduceyields), consumers (in the form of health hazards) and the
sociey at lage (in the form of environmental gedation, loss of biodiversitetc.) to the
research @anizations angresentgeneration citizens (whose tax mgneill be used to

finance the biosafgtsystem).



In the economiclterature, an gjument often madegainst rgulation is that it will
contribute to inflation. It is true that the immediatep@ut of biosafet regulations will be an
increase in theroduction and rgulatory costs. But because of biosgfdhe costs borneyb
the ayriculturists, the consumers and the socat likel to be lowered. With biosaigtthe
costs hitherto borneyla research ganization will be inposed on another anssed on as
costs ofproduction to the consumer of the firmmbduct. Note however that thegher price
will cover twoproducts (thehysicalproduct and environmental safeand will substitute for
theprice, which will be lower, hitherto borneylthe societ because of the unsafe
biotechnol@y products. If the risks are correcperceived and biosafgtegulations are
directed towards controllnthese risks, then theg@ation mg not necessasilcontribute to
inflation. Biosafey regulation can act as a mode ofjitering and asgjning the costs rather

than their cause; It can be the megmwihich interests in conflict is differentigiprotected?

3. The Benefits and Costs of Biosafety

Develging countries in thg@rocess of establishgna national biosafgtpolicy to
promote the use of modergrabiotechnolay should be aware of the costs and benefits of
establishig a regulatory framework. Economists define benefits as those outcome of an
activity that adds to an ¢éctive and costs as those that lessen thecbobke. Hence, the
discussion about costs and benefits of biogagaetneanigless without definig an olective
function. Considerig that the ofectives of a researchgamization private, public, national
and international) will be different from those of the sgcast a whole, the costs and benefits

of a research ganization and the socieare discussed paratey.

2 This assertion for biosafety regulation assumes that the perceived risks of biotechnology are real and
correctly estimated. If, however, biosafety policies are based on overestimation of risks (i.e. it regulates
everything and too much), then some of the costs incurred by the society may turn out to be redundant
lending support to the inflationary argument.



3.1. Costs and befits to a research @anization

Assumirg that the ofective is to maximize the net returns to research, bigsafet
represents both time cost andportunity cost to a researchganization. Biosafgtincreases
the research gpby posponing the commercial release of biotechrpl@roducts (Fleisher,
1989). Research gainizations will have toloulder the egense oproviding needed data
and test results and mdelay large-scale testimand marketig of products; thus, reducgithe
(discounted) benefits to lgenerated from new biotechngles. Biosafet will increase the
production costs of the researclyamnizations in the form of containment facilities, assgmbl
of paperwork and laboratgrresults necessato submit to the @ropriate regulatory agencoy
for approval of initial field test and other gistic costs. It maalso increase thejextion rate
of researclproductsprior to their commercial release, if theoducts do not meet the safet
standards. Thus, thegoduction costper releasegroduct wil increase. Even the markegin
costs processig, packaying and labelig) of industries usig GEOs as an put will increase
dependimg on the rgulatory requirements omproduct marketig. Biosafey will also increase
the transaction costs for the researdmoization in the form of information costs, search
costs angbayment of fees, chges, etc.

A well established biosafgsystem will however, reduce uncertairnd increase the
predictability of expected time and mogdo get a newproduct on the market. As a result it
will encouraye investments in biotechn@ypresearch ¥ bothpublic andprivate sector
(Crawford, 1990). It W also reduce th@ossible liabiliy costs whivh would be incurred if
theproducts were to be released withowgulatory approval. This is ggecially relevant to
research @anizations (both forgh and domestic) wantyto enter in the markets of

devel@ing countries.

3.2. Costs and befits to the society

Thegoal of public policy is to maximize the welfare of all its citizens. Biosgafet
regulation heps to achieve thigoal by reducirg the unknown risks to human and animal
health and the environment. Alsoprbvides the certaigtand stabiliy to the social
framework, necessafor the develpment of biotechnolgy research and devgdment

activities, and then the imtduction ofproducts of biotechnolyy available in aiven county.



However, these benefits to the sogiate not without costs. For expl®, settirg up a
biosafey system is a cosfloperation. It demands human aptaysical resources that are
scarce in mayndevelging countries. Also, the sociehas to incur risk assessment, other
operational and bureaucratic costs oy tta dgy operation of rgulatory system. Thus,
biosafey represents anpportunity cost to the socigt Second}, althowgh the rgulatory
requirements are the same for alanizationgoroducirg similar products, the cost of
meetirg these rquirements will have aroportionatey larger claim on the resources of
smaller oganizations. Hence, biosajahay affect the market structure of biotechrmfo
research indusgrby driving small oganizations out of biotechnadg research.

To economicall justify a biosafet system, a counyrwill need to assess tipgtential
benefits and balance themainst the costs of galations. The aguments found in the
literature for and gainst biosafgtare mostf based on estimates of costs and benefits that are
still hypothetical and geculative in naturé. There is a need for more field research, risk
assessment, and data collection andyarsato identif the real costs and benefits of biosafet
Moreover, develping countries need to assess these costs and benepisgeepergective

the ype and scpe of biotechnolgy research to be undertaken gmdmoted in the counygr

4. Forms of Biosafety Policy: Implications for Resource Allocation
4.1. Alternate means of controlling risks

Thepurpose of establishopa biosafet system is to control thpossible risks
associated with GEOs. Howevgiven the uncertaigtin the scientific communyjtabout risks
of GEOs,public policy makers face a choice between alternative means of corgnodks.
First of all, thg face the choice of whether biosgfguidelines should be ippsed as a
“voluntary” or a “legally binding” code of conduct. If a @ally binding system, what form
should it take?EX anteregulation of biotechnolgy products angrocesses (in the form of

required permits, licenses, geilations,pre-manufacture notification submissions posduct

® For example, Szybalske (1985) uses the following argument to unjustify biosafety: K(iwime
present and future benefits of genetic engineering are enormous; (ii) the hypothetical, inadvertent risks, if
any, are balanced by the hypothetical inadvertent benefits; and, (iii) the overall cost of unnecessary
regulation is high. Thus, the balance sheet clearly shows that regulations are not justified at present and are
against the best interests of society." (Szybalski, 1985, p. 115).
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approvals), a stricex postiabilities (in the form of dange payments ly the manufacturer) or
a ngligence rule (combination @x anteregulation andex postiabilities)? (Larson and
Knudson, 1991). Each of these alternatives has differguiications for the resource
allocation decisions and shagiof benefits and burdens of biosgfet

Under arex anteregulatoly standard, a researchganization must coply with the
standard -gend a certain amount on "safet before conductig an activiy. Thus, the
burdens of biosafgtare borne pthe research ganization and thgovernment priori of the
occurrence of danges. The benefits of thigpproach is that it controls and minimizes the
"accident costs.” On the other hand, under strictliigifor damaes, the aganization fuly
compensates ijuredparties if an accident occurs and if it can be shown that tie@ation's
actions caused the dages. The benefit of thigparoach is that it minimizes the costs of
biosafey but increases the "accident costs” to be bognthé research ganization and the
futuregeneration citizens. Under agtigence rule, the researchganization mg not be held
reponsible for ag damaes if it follows stpulated standards guidelines. This pproach is
a combination oéx anteregulation andex postiability where ly the oganization mangers
decide on which@proach thg would like to adpt.

Due to theporessure of consumegroups and environmentalists, the biosgfedlicy
develged in most industrialized countries pinasize theex anteregulation @proach (Pershe
et al., 1992; Lesser and Malgnd 993). The m@ar advantge of this @proach is that it
provides information to both th@oducers and consumers of biotechig@s. For example,
if a research g@anizationproduces nevproducts accordigto the rgulations, it is less likgl
to be finedex post Thus, rgulation andoroduct standards reduce risk (argsfrom the lack
of predictability concerniig how the Igal system will repond) and thergpallow the market
to work more smootlylas theparticipants are more informed about the rules ofgdume
(Wittman,1977). However, if the risks of biotechngies are overstated, as claimedByill
(1985), Davis (1987), Mer (1991) and others, thexx anteregulationspose unnecessar
costs to the socigt

Since all ypes of biotechnolgy products do not face the same nskfile, it is often
socially advantgeous to emloy the two means of controlljrisks (iegligence rulg- i.e.

require research ganizations to satigfa regulatory standard and also to fapessible liabiliy



(Segerson, 1986). In this case, researdjaaorzationgroducirg relatively high riskproducts
are led to do more than to sayisiie rgulatoty standard, for thepotential liability makes that
worth their while. In effect, a reduction of theyuéatory standard can be afforded because
liability is present to takeusome of the "slack” associated with the lessggnhstandard. In
theow, this @proach will minimize both the "accident” costs and "accigeewention” costs
to the societ

In practice, the emphasisgiven to different pproaches in devefing a biosafet policy
will depend on several factors includirthe nature of riskgpfobability and consguence) of
biotechnolgies (which in turn will dpend on theyipe of biotechnolgy productprocess
being promoted in the coungr-- eg., GEOs versus tissue culturgpal of public policy
(whether thegoal is to minimize the "accident costs"” or the sum of "accident” costs and
"accidentprevention” costs), institutional anddicial framework, and the involvement of
private sector in biotechnaly research. Siply translatimg the biosafet regulations of
industrialized countries Wnot work in devel@ing countries where the exisgregal
framework ma not be corprehensive enagh and thqudicial s/stem not strogin enforcirg
laws. In some cases, the establishment of a bigded@ework ma entail the establishment

of new la@islation and buildig up of an administrative and law enforcement network.

4.2. Economic issues in designing a national biosafety policy

Although, the costs of biosalewill be ultimatey borne ly all the sectors of the
sociey, its immediate cost will be ippsed on researchganizations. It is, therefore,
important that biosafgtpolicy makers in develmng countriesgive particular attention to the
impacts on researchganizations in degnhing a biosafet policy.

In countries that have a federal and stateéernment gstem, such as the United States
and India, a national rather than state-level biogafgtcy would be more conducive to
biotechnol@gy research @anizations. Digarate rgulations can lead to unsegnand
possibl dargerous corpetition amolg states to stie experimental releases on a fee basis

(Lesser and Malornye 1993). Harmonization is also portant at rgional and international



levels topromote the international transfer of techrgids? Digparate, excessive or no
regulations can act as a non-tariff barrier intity trade.

An expandedpolicy of strict standards and bans would havegatiee inpact on
technolgjical chame andproduct innovation (Mler, 1991)> Althogh one of the benefit of
biosafey is that it willpromoteprivate research and devplaent, too much gulation mgy
discourage private investments. One w# Peed yp adgotion, intepretationprocess and
reduce the uncertaynbf investment in biotechnody would be to use, whemossible, the
existing legislation rather than devgdan entirey new gstem of rules and laws.

An issue that needs to be addressed imgdiegj biosafey policy is the incidence of
risk assessment and other costs. Clearle of the immediate iplications of biosafstis that
it will be a cost increasmpolicy for both thegovernment and researchganizations. Given
the strirgent budjets,governments in deveping countries madecide tgpass on some of the
burdens (viz. risk assessment) on to the reseagamization. This will add to the increagin
costs of biotechnolyy researctprograms. Polig makers should make sure that ddal
costs of biosafgt particularly of risk assessment should not adversdfect theproductivity

of biotechnolgy research.

4 Transfer of crop varieties across political boundaries can be potentially inhibited by two factors - the
genotype by environment interactions and the social, economic, legal and political framework. Both direct
and indirect transfer of technology has been an important phenomenon in conventional plant breeding
research not only because of common agro-climatic environment but also due to minimum and harmonized
legal framework (Maredia et al., 1996). Such international transfers are mutually beneficial to all the
countries and particularly the small countries who do not have the critical mass to engage in a full-fledged
crop improvement program. Given the high costs of biotechnology research, harmonization of biosafety
regulations is particularly important if these countries want to benefit from biotechnologies developed in
other countries.

®> The inability for a country to internationally compete in agricultural commodities and feed the
increasing population are frequently cited as the projected consequences of overregulation of biotechnology.
In the U.S., lobbyists have often used the combination of national self-interest and global altruism in
justifying biotechnology. For example, Monsanto's Senior Vice President for Research and Development,
Howard Schneiderman writes: "Genetic engineering and other new agronomic methods should enable the
American farmer to continue to lead the world in agricultural productivity in the next century and to feed a
significant number of these nine billion peoplélowever unless we keep genetic engineering on a fast
track with research funding, and unless federal regulations permit the controlled field testing of new crop
varieties and beneficial soil microorganisms, America will lose out." (Schneiddr@dan p.11).
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Another inportant issue in degming a biosafet system is its size (number of
enmployees and total investments). Biosgfistan emeging policy area in develaing
countries, and in devegbng appropriate policies andprocedures for the gellation of
biotechnol@y, a county will have to establish various committees, sub-committees and
regulatory agencies (Persieet al., 1992). Natural] these countriesiWlook towards
industrialized countries, which are advanced in bioteclyyalesearch, for biosafet
guidelines andystem degn. However, for economjaistification, the size of a biosafet
system should be cgnuent with the sige of economic devepment of the counyrand the
biotechnol@y research industr(which is likely to be at initial stges in mag develging
countries). Thus, devgdng countries should make sure thatytld® not dplicate the size of
the biosafet system from industrialized countries such as the U.S. but the basigt®nte

the biosafet system.

5. Conclusions and Implications for Developing Countries

Rapid develgpment in gricultural biotechnolgy has stimulated both industrial and
devel@ing countly governments to devetonationalprograms andolicies aimed at realizan
its potential benefits. An efficient biosayedystem is one of thprerequisite for realiziig the
potential benefits of biotechnaly research. Thus, in recegygars, may international and
national oganizations in industrialized countries, such as the OECD, WHO, FAO, UNEP,
USAID, USDA, GTZ, and UNIDO have been involved in assgstievelging countries in
develging biosafey guidelines. In thigaper, | discussed the economigasts of rgulations
and outlined various enomic issues that devgiog countries and the variousganizations
assistig these countries need to kaa mind while degining an efficient biosafgtpolicy.

From an economipergoective, biosafgtcan be viewed as a mechanism for
controlling externalities and transfergrcosts to be incurredylihe consumers, farmers and
sociey to the research ganizations angresenigeneration citizens. The benefits of biosafet
include - the reduction gdfossible human and environmental risks of biotechmotnoducts
and "accident” costs to the sogiahcreasegredictability for a research ganization of the
expected time and mogdo get a newproduct on the market; malgrthe products of

biotechnol@gy accessible to a cougfrand theprovision of certaing and stabiliy to the social
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framework, necessafor the develpment of biotechnolgy research and devgdment
activities.

Installing a biosafet system to avail these benefits is, however, not ap @ak. It
entails establishopnational committees, workiggroups and advisgrpanels, develging
rules and rgulations,getting legislative gproval, develping technical manuals, handbooks
andguidelines for research ganizations, hirig inspectors, conductmprisk assessment tests,
carlying out the dg-to-day administration of pplications, g@provals and complaints,
enforcing biosafey laws, and so on. A functionalgal and administrative infrastructure is
therefore an absolute necegsir establishig a biosafet system in a develang county.

In develging the biosafet guidelines, develping countries should balance the
potential benefits with the tgible costs of biosafgtto the research ganization and the
sociey. To a research ganization, biosafgtrepresents both a time ang@ortunity cost. It
will increase the researchglgoroduction costs, transaction costs and margetosts of
biotechnol@gy research @anizations. Moreover, the increased costs of biosafey drive
out small biotechnolgy research @anizations from the market. Alsgiven the scarcyt of
human angbhysical resources, settrup a biosafet system alsgoses pportunity costs to
the sociey.

As more and more countries come under the incrgasassure for devefang a
biosafey framework, the followig issues need careful examination in deig a biosafet
policy.

a. Thegoal of biosafet policy (whether it should be the minimization of gnl
"accident” costs or the sum of "accident” costs and "accigesnention
costs?).

b. The @propriate means of controllgrisk (ex anteregulation,ex postiability or
a combination of both).

C. The ype and functionalit of the lggal andjudicial s/stem in the counyr

d. The inpact of biosafgt on scientific develpment andprivate investments.

e. The inpact of biosafet on the international transfer of techngyand

international trade.
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f. The incidence of biosafgtosts (who igoing to pay for the creation and

maintainance of a biosajetegulatory system?)

0. The size of biosafgtsystem.

Of course, there are no “blanket recommendations” for dpwveja@ountries on manof these
issues. Each coumtwill need to develp a biosafet system based on the devpioent status
of its biotechnolgy industy (which varies widel across countries in Asia, Africa and Latin
America), ypes of biotechnolgy products to be deveped or traded (which can rga from
simple tools andoroducts of tissue culture and mirpropagation togeneticaly ergineered
crops andplants) and, the overalldal and administrative infrastructure in which the ecopom
operates.

In conclusion, in deghing a biosafet policy, devel@ing countries should ephasize
the safe use of biotechnglprather than irposing unnecessarrestrictions on theretext of
safey in biotechnolgy. The latter will ony lead to more bureaucnaand less efficieng
egecially, in toda/’s climate of shrinkig resources forgricultural research. Thgrowing
pressure for deveping biosafey regulations should not lead to the gl@ntiasis of biosafgt

system and atnqghy of biotechnolgy research.
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