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Executive Summary
 

Tile purpose of this document is to provide a practical guide for policymakers 
and research managers with limited time and restricted access to the extensive 
documentation that is accumulating on the safe use of biotechnology. It briefly 
reviews the development of modern biotechnology and provides guidance for 
policymakers who need to ensure that new biotechnology products are used safely 
within their countries. 

Biosa./ety is one term that is used to describe the policies and procedures adopted 
to ensure the environmentally safe application of modern biotechnology. It is a term 
th;'t isgaining widercurrency as more countries seek to benefit from the application 
of modetn science in medicine, agriculture, and the environment, without endan
gering public health or environmental safety. 

This document suggests a series of steps that might be taken to establish a national 
biosafety system. As a first step, a national biosafety committee should be estab
lished. The national committee should then move quickly to establish policies and 
procedures to govern the use of modern biotechnology in the country. These should 
govern both in-country research and the import and sale of new biotechnological 
products from elsewhere. The national committee should also oversee the estab
lishment of biosai'ty committees in those institutions undertaking advanced bio
logical research in the country. Each of these institutions should also have a 
designated biological safely officer. 

This document recommends that a national biosafety system should be established 
within the existing regulatory framework and draw on existing institutions, person
nel, and current legislation to the greatest extent possible. It recommends that the 
focus in the regulatory process should be on the nature of the product itself, not on 
the techniques used to produce it. It also provides an annotated bibliography and a 
list of institutions and individuals from whom more detailed information and advice 
can be sought. 

In the 1970s, the power of the new techniques in modern biology led scientists to 
exercise caution in their use in order to avoid any inadvertent introduction of 
harmful effects. Considerable experience has now accumulated on the use of the 
new genetic techniques in the laboratory, in small-scale field trials for agricultural 
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purposes, and lorcommercial purposes, especially in medicine buLt also increasingly 
in agriculture. This is leading to the establishment of better-defined regulatory 
practices ill manly Countries. 

Similar patterns of regulation are evolving for both Conltai ned and Lncontai ned 
applications of biotechnology: initial stringency aId caution, fllowed by less 
stringent reg ulatory requirements as experience accumulaies on the use of new 
products from modern biotechnolocy. 

In agriculture and medicine, several new diagnostic products and vaccines have 
been relea:;ed commercial'y. New biological control agents devised by the use of 
recombinant-I)NA technology have also been released commercially. Over 400 
small-scale field trials ol' potentially useful plht varietics. developed with tile use 
of genetic engineering, have been conducted in some 20 COuntries. The most 
promising material from these trials is being carried forward for release as new 
varieties of crop specie; in several countries. The first such releases of new plant 
varieties resullin- from genetic engineering are expected within the next two years 
(e.g.. colton. potatoes, tomatoes). 

All these applications of modern biotechnology are being developed under safe
guards For good laboratory practices and recombinant-DNA safety considerations. 
is described by the Oreiization for Economic Cooperation and Development 
OECD) il 1986 for laboratory-based experimentalion and extended in 1992 to 

guidelines for snmll-scale field trials. The OECI) guidelines have been used as the 
basis for national nl-ideli nes in many countries. They remain the most authoritative 
set of"internatlionally agreed-upon guidelines presently available and provide a 
soLnd basis for national policymakers in all countries. 

The (ECD uidelines have been complemented by several auhthrilative studies thalt 
have developed risk-assessment procedures appropriate for guiding the release of 
biotechnology prtoducts. They provide steps for determining instances of low. 
medium. and high risk. largely based on the degree of familiarity with similar 
procedures and products. 

There are several initiatives in progress aimed at the ilternational harmonization 
of biosafety approaches at a global or regior:al level. Ii July 1991 the UNIDO 
Secretariat prepared a volunta'v code of' conduct for tile release of or-anisms into 
the environment on behalf of ihe UNIDO/UNI-P/WHO/[AO working group on 
biosa'ety. This document should prove useful to nianv conties. Il1 Iati i America. 
the lnstituto InteraIericano ic Cooperlaci6n para la AgriClIt nra ( I IC.\ ) has prepared 
guidelines for the experimental use of genetically modilied organisms and their 
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release into tile environment. These are providing the basis for acommon, regional 
approach to biosafety in the countries ol the Andean cone of Latin America. 

This brief has been prepared primarily fOr national policymakers and research 
nana,,ers. It mav also make acontribution to discussions, on the environmentally 

sound management of biotechnology that are taking place in the context of the 
United Nations Conlerence on the Environment and Development (UNCED) held 
in Brazil in 1992. 

In summary, five key principles relevant to the preparation oftnational policies and 
procedures Ir the regulation of biotechnoloov are 

I. 	 Regulatory review shauld focus on the characteristics and identified risks of the 
biotechnology product. not the process by which it is created. 

2. 	 Forthose biotechnology products that require review, the review process should 
be designed for elficiencv and elfTectiveness while assuring the protection o.f 
public health Md CnVii, ,,,.!melltll safety. 

3. 	 Regulatory requirements fOr modern biotechnology should be integrated into 
the overall regtulatory system which governs the release of new products in the 
agricultural sclor. 

4. 	 The degree of famili aritv with the behiv\ior of similar org;anisms when released 
into the environment should determine the level of regulatory oversight re
quired. This may ninge from minimal to extensive, depending on the degree of 
hazard identified. 

5. 	 Regulatory programs should be flexible and capable of adapting quickly to the 
new knowledge and understanding produced by the rapid advances in biotech
iology. 

vii 



Introduction
 

The purpose of' this document is to 
re' iew the development of modern bio- 
technology and provide guidance for 
policymakers and research managers 
who need to ensure that new biotechn(
ogy products are used safely in theit 
country, 

It is divided into fou sections. The first 
section describes the ovcall context For 
modern biolcchnologies. The second 
summarizes the broader themes of risk 
assessment and management. as well as 
safety regulation by governments, as 
distilled from existing authoritative 
studies. The third provides specific sug-
gestions for plicites and procedures that 
national authorities may wish to con-
sider in establishing a biosalety system 
tailored to their specific requirements. 
The fourth section summarizes the \ar-
ious international activities that are in 

Setting the Context 

B iotechnology refers to any tech-
nique that uses living organisnis or sub-
stances/fi'on those organismfs to make 
or ntodi/.V a frodwt, to ilpwove plants 
or aninals, or to develop microorga-
nismsfrspecific uses. 

progress to foster the international har
monization of approaches to biosalety. 
SuppleICmen tary in formation is con
tained in the appendiccs. 

The constitution of1a mwtional biosafety 
system is important both to foster the 
development of* modern biotechnoiogy 
within a country and to ensilre access to 
modern biotechnology products gener
lied elsevheie. The :ibsence of a suit
able regutl:1 tory 'ramework for 
bioiechnolog) makes it dilficult for de
velopmentagenciesand plrivate cm1pa
nies not only to invest in hioteclnology 
in a particular country, but also to make 
the products of biotechnology available 
in that country. Thus, a safe and effi
cient regulatory process is in itself a 
comparative advantage in biotechnol
ogy and a prerequisite for access to tech
nology in this rapidly expanding field. 

Biotechnology consists of agradient of' 
technologies, ranging from the long-cs
tabli shed and widely used techniques of 
traditional biotechnology (e.g.. food 
f'c rmentation. biological control) 
through to modern biotechnology, 



which is based on the use of new tCch-
niques of reconbi nant-i)NA technol-
o,'v (often called q0'1V'ic £ii'trin), 
monocloal antibodics. and new cell
and tissue-culture methods (f0gure I). 

Biotechmolo, is not a new science: 
rather, it is a new term that has bccn 

iven to the recent cvoltlionI of the sCi-
ence o, Cenlet ics. This science oi,,ianat-
ed in the late iincteenth cent urv with the 
pioneering work olGrecgor Mendel. 

Durigi! the 197(0s scientists dCelopCd 
new methods fbr comlhi llng portiots of' 
DNA (deoxyriboiucleic acid, the biO-
chemical material in all livin,, cells that 
conveys the instructions that (o\2rn he-
reditarv characteristics) and for moving 

portions of )NA from one organ isim to 

another. This set of enablinc techniques 
is referred to as recombinimit-lNA tech-
Iuhogy or tgcm' 'ltl4i!'erili,. 

Over the palst two decades there has 
been an exponential increase in the 
number of sienificant advances in ,c

nctics (fig ure 2). It is this incrcase in 
Iew techniques for ti ndcrstandi ng and 
modii'i ng the genetics of livimi organ
isms thai has led to the greatly increased 
interest and in vest ments in hioteclnol

o.gv over the past two Luec;ies. 

The prilnci pal elfect of"the new tech
niiqucs of modern biotchnology in ag
riculturC is to broadtten the ranc of' 
hered itary material thatl Can be utilized 
y con ventional breeding programs in 

the pr,.mduction of ne' aiet iCs Of usel'I 

Modern Biotechnology 

Genetic engineering of plants 

Genetic engineering of animals 

Genetic engineering of microbes 

Recombinant DNA technology 

a) Monoclonal 
C. 
E 
0o Embryo transfer in 

U) Plant tissue culture 
0) 
S Biological nitrogen fixation 

Microbial fermentation 

antibody production 

animals 

Traditional Increasing Cost
 
Biotechnology
 

Sourrce: Persltv (1990).
 

Figure 1. Gradient of biotechnologies
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Figure 2. Biotechnology milestones, 1866-1992 

plnts, animails, and tn icrobes. The ap- examl)ie, to ttansfer a Itit Iroti one 
plications developed frotn these new crop variety to altothcr lby conveti onal 

methods place thenl fiimly with in the rCqi ties th1,:plant breedit. clossillg (hy
conltinlLll of'techniqusiLtsed ill indus- bridization) of two dillcraent varieties. 
try. a,!gricuitItr.C an1 od1t00d1)rocessing, This exchan,,cu of' en'et ic t aterial in
throuighoutt hum1an historv. Thus, hic 'volves transletringl not only the -elne 
mi1odern Ibiotc1hnology Iro0Vides po\,'Ctr- colnroll ilnthe trt'ait of iltc;es, but 1lSO 
ftI new too1l, these tools at1C Used to abotitt hall ofilll the geteS'roitlll the 
gCtlile irotLcs thait fill e1eCntially the vatit., cT'rying this Irait. 'his,, in tlurn. 
sIlle toles as thosC IpirlicCd with m1orC tnakes IlceSsI'V I long1 andLtlborious 
ttaditonal netilhod. The pt-operties ofl prlocess o1 backcrossitI to eli tn itiate as 
these prodteltCs dio not tlilelr stbstln- mLuch uLnwanted gt'Cicn aelrial as pos
tially fronl those with which we are sible 'Jsing Collvetlional bIeecdineu 
ahlready flai iliar. techniques. tlndesiritlt chnlat'ctrist ics 

ate ofeln trtillsiltted illoll,with the trlit 
The niost striking differences ie- of1 inltCrst, an1d mos of ile lihtteilime 
tween the techniques of'modern blio- efflrt in a convent ionial bIreediilg pro
technology and those that have leen I is colsuCd in identlifn'gliSram anMl 
used for manv ears lie in the in- Clitiniitic'hLtttesit'able tIraitS. 
creased precision with which the for
mer may ie used, and the shorter Modern i'econibinant-I)NA technology 
time required to produce results. For (entic elii(we''i/.t,). enables planlt 
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breeders to collaborate with molecular 
biologists to transler to a popular and 
highly developed crop variety only the 
one or two genes needed to impart a new 
characteristic, such as a specific kind of 
pest resistance. This nmch more precise 
method of genetic transfer eliminates 
the need 11- time-consuming and difl-
cult backcrossing. It can reduce the total 
development fime and cost lor a new 
variety substantially. This increased 
precision in plant and animal breeding 
translates into improved predictability 
ofthe resulting prodtcts. Improved pre-
dictabil 'itv,in turn. meansgreatersafety. 
In addition, the produtCS of mnodeln bio-
technology must go throtgh extensive 

trials for yield, agronomic characteri 
tics, and quality at different sites and 
over a number of seasons, in tile same 
manner as the products of conventional 
breeding programs ale evaluat.d. 

Concerns ha'e been raised abou: the 
new techniques ofmnodei n biotechnolo
gy because their potential power is so 
fIar-reaching, and the number of new 
prodtcts so great. It is important to 
provide appropriate regulatory 
niechanisnis to ensure that products 
produced by the use of new tech
niques are as safe as the products of 
traditional biotechnology. 

Implications for Biosafety
 

Biotechnology Products 

Tihe products of nodern biotechnol-
ogy in agriculture are used in the envi-
ronment and for human consumption. 
Here, the characteristics of the products 
themselves determine their safety. The 
processeS used to generate the products 
are relevant only insofar as they de-
scribe product qualities or characteris-
tics. This principle has been reiterated 
in several extensive studies which have 
examined the implications of the use of 
modern biotechnologies in medicine, 
agriculture, and the environment (e.g.. 
NRC 1989: OECD 1986, 1990, 1991. 
1992; OTA 1988: Ticdje et al. 1989). 

The products of modern biotechnology 
in agriculture include plants, animals, 
and microbes with. fOr example, in
creased resistance to diseases or pests, 
altered nutritional requirements, or 
mlodified perftormance characteristic!,. 
Some have expressed concern that these 
products require special scrutiny be
cause of the means used to produce 
them. This is necessary, it is argued, 
because of' the difficulty in predicting 
their behavior, particularly when they 
are released into the environment. Scv
oral of the studies listed above have 
examined these questions and have con-
Cluded that the characteristics of rood
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ern biotechnology products that have 
already been produced, are now 
under development, or are anticipat-
ed are generally similar to those pro-
duced with traditional techniques, 
and are consequently familar to reg-
ulatory authorities (e.o.. NRC 1989; 
OECD 1991). 

Modern biotechnology products are de-
rived pri marily from nmaterials with 
which we have long experience in agri-
culture, industry, and commerce. Fur-
thermore.,,iven the clizIllen,,ges in 
producing gcnetical K enginccred or-
ganismis that will survive ilIhe en viron-
ment long enough to pe rorm the 
desired functions, researchers have a 
powerful incentive to work wi th well-

stringent regulatory requirements as re
assuring experience accumulates. This 
has been the case with tie US National 
Institutes of Healih guidelines, which 
are widely used for laboratory-bascd re
sea:ch with recombinant )NA. Proce
dures for assessilg and mana1hlitgill the 
risks of biotechnology products intend
ed for unconlained use began with a 
sinilarly cautious apprmch. In the US, 
over 400 sinaIlI-scale fiekl tests have 
been conducted. which include a ranine 
of plant species (e.u.. cotton, maize, po
tatoes, ,apesced, rice, tematoes, and 
soybeans) and microorganisms. In light 
o!' the experience gained in these trials, 
procedures are lbeing developed to gov
er lar-e-scale releases of genctically 
engineered organisnis for cornmercial 

characterized systems and organismas IS use in agricuIt ure. In addition, rWgulIa
much as possible. 

The evolution of regulatory policies in 
countries that have accrued the most 
experience with biotechnology prod-
ucts demonstrates a pattern of initial 
stringency and caution followed by less 

Risk Assessment 

T iedje et al. (1989), in their study for 
the Ecological Society of America. 
present a list of important criteria to 
consider regarding the safety of'planncd 
introductions. They also develop risk- 
assessmclit criteria established in Aus-
tralia and shows how such criteria might 
be linked together in a flexible review 
scheme that should be of great interest 

tory processes arc being reviewed to 
increase their efficiency and to provide 
a bctter link between the degrec of reg
ulat ion required and ademonstrable de
gree of hazard (US President's Council 
on Competitiveness 1991 US Office of 
Science and Technology Policy 1992). 

and value to regulators (Millis 1990). 

The US National Academy of Science 
(NAS) and its National Research Court
cil (NRC) have released a report on es
tablishing a framework for dccisions on 
the introduction ol'genetically modified 
microorganisnis and plants into the en
vironnient (NRC 1989). The study was 
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charged with identi tying criteria for dc-
fining risk categories and recommend-
ing ways to assess the potential isks 
associatted with ilt ro,.licinge modfiled 
orgallisills inlo lie ellvirollllell. 

The report reiterates the principle of the 
earlier docunlnt that safety assess-
rnent of' a reconlinnnt-i)NA-modi
fled organism "should be based on the 
nature of' the organism and the envi-
ronment into which it will he intro-
dtnced, not on the nethod by which it 
was modific(" IN,\S 1987). It also 
points out thaialthough genetic modifi-
cation 1\ muolecu lar methods iiayibe 
more powerful ud capable of produc-
inn2 a wider range of phe0IotypeS. "11o 
conceptual distinction exists between 
genetic modification of'plasand mi-
croorganisms by classical methods or 
I)y molecular methods that nuo(lil' 
I)NA and transfer genes" (NAS 1987). 

TFhe NRC also recognizes that tiurc is a 
log lhistory of tility and safety iin the 
usCof,plants and Il icio0rea2i iSmS. -So-
ciety las benefitted greatly 'ronl the 
use ,oft' genetically modified microor-
ganisms and ptants, and field testing 
is essent.al to increase our knowledge 
about the relative sal'ety or risk of' 
large-scale use of' genetically modi-
fied organisms and to determine tile 
potential utility of' the modified or-
ganisms" (NRC" 1989). 

With regard to the field-testing of' ge-
netically modified plaints, the NRC re-
port concludes that 

1. 	Plants iodified by classical genetic 
methods are judged safe for field 

testing on the hasis of experience 
with hundreds. of millions of 0eno
types field-tested over decades. The 
current means Il'r mak iidecisions 
ab1hout the introductions of classical -
INbred plants are entirely appropri
ate and no Mlditional oversight is 
needed or suggested. 

2. 	Crops nodifled by molecular and 
cellular methods should pose risks 
no dilItlrCnt Irom those mlodifled hv 
classical Cenet ic methods Ir sinmi ta
traits. As the molecular methods are 
more specific, users of these meth
o.Is will be more certaiii albout the 
traits they introduce into the plants. 
Traits that are unfamiliar ill the spe
ciltic plant Will requir careful eval
tliallion1 in small-scale fic d tests 
where plants exhibit ing Undesirable 
IphCnotyCS can Ie destroyed. 

3. 	Tlie potential for enhanced weedi
hess is the mnajor civiromnicltal risk 
perceive 'orit roductusc,fieiit
icallv moidihticd plaiits. The likeli
hood tenhanced weediness is low 
for genetically inoditiCd, higl y0do
iesticatd rop pl!anls, Oin the basisc 
ot our knowledge ,, their iorphol
0gy. rCprotductivc systens, growth 
nCleui rCCits. aid unsuitalility fbr 
selff-erpetuation without human in
tervention. 

4. 	 Coninenent is the prinary condi
tion for ensuring the safety of field 
introductions of classically modi
fied plants. 

5. 	 Depending on the crop species. 
proven confinement options include 
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biological, chemical, physical. spa-
tial, environmental, and temporal 
isolation, as well as size of field plot. 

6. 	Plants cro\Vn in Iicld Con finement 
for experimCntal purposes rarely. if 
ewr, escape to cause problems in the 
natural ecosystem. 

7. 	Established confinement optionsare 
as applicable to fited introductions 
of plants modified by molecularand 
cellular methods is they are to inutro-
ductions of plants modified 1byclas-, 

sical genetic methods. 

With re.card to the field testing ofl ge-
neticallv modified microorganisms, 
the NRC report concludes that 

I. 	The precision of many molecular 
methods allows scientists to make 
ocnetic modifications in microbial 
strains that can be fullv character-
ized. in some cases to the deterIina-
tion of spec; 'ic alterations of ha:ses 
in the )NA nucleotidC sequence. 

2. 	The moleculfar methods have great 
power becuLse they e nable scientists 
to is ate uenes and to transfer them 
across biological barriers. 

3. 	 Although field experience provides 
considentbl c in form at ion about 
some ilicl 'ol ganisns (c.'.. rhizo-
bia. miycorrlizae. and many plant 
pathogens and biocontrol agents). 
information regarling the ecology 
of inicroorgan ism s and experience 
with planned en vironicnial intro-
ductions of genetically mod ified 
inicrooranisms is limited coin-

pared with that regarding plants. No 
adverse effects have developed 
from introductions of genetically 
modified micioorl-a isils to date. 
Ecoloical uncertainties can i-c ad
dressed scienitilficallv recardit2 the 
genetic and ph cnotypic 2.haracteris
tics of microor-anisn isas well as by 
considering erivironmental attri
butes such its nutrient availability. 

4. 	The likelihood of possible adverse 
effects can be iiini izid 01r elimi
nated 1b), appropriate mcastes to 
confine the inlroduced inicroorga
nism to the target environment, for 
example. by introdilciuc"suicide" 
Icines. as they become practicable, 
into the oran isms. 

The NRC report also provides frame
works for the evaluation of risk for ihe 
release of plants and inicroorgan isms. 
These frameworks are based on the fIol
lowing criteria: 

I. 	 Are wc familiar with the properties 
of the organ isin andlhe environ inent 
into which it may be introduced? 

2. 	Can we confine orcontrol the organ
ism clectivcly? 

3. 	What are the prcbable effects on the 
envi ilonmnent should the intrcoLuced 
organism or it genetic trait persist 
longer lhan intended or spread to 
nontarget en vironments? 

When the lamiliaity standard for a 
plant or inicroo';aii isil has been satis
fied such that there isreasonable assur
arice that the organism and the other 
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conditions of an introduction are essen-
tially similair to known introductions, 
and when these have pro'en to present 
negligible risk, the introduction is as-
sumed to be suitable for field testing 
according to established practice. 

The familiarity criterion is central to 
the suggested evaluation framework. 
It permits decision makers to draw on 
past experience introducing plants 
and microorganisms into the envi-
ronment, and it provides flexihility. 
As field tests are performed. inf'orna
tion will continue to accumulate about 
the organisms, their phenotypic expres-
sion and their interactions with the en-
vironment. Eventually, entire classes of' 
introductions may become famiIliar 
enough to require minimal oversight. 

Familiardoes not necessarily mean 
safe. Rather, to he familiar with the 
elements of an introduction means to 
have enough information to he able to 
judge, it safety or risk. 

When knowlc-tge of the type of modifi-
cation, the species being modified, or 
the target environment is insuffficient to 
meet the familiarity criterion, the pro
posed introduction must be evaluated 

Regulators may therefore use the critc
rion of 'alili:rity as a guide: How fia
miliar are we wlli products of'this type'? 
How familiar arc we with the starting 
materials? How fa:aiiiar is the behavior 
of sinilar products in the environment 
for which it is intended? If the level of 
familiarit) is hiigh, then the product can 
be revieved within existing regulatory 
or safety as:iurance systems. As areas of' 
increasing unfnamiliarity emerge.appro
priate adaptaitions to existing review 
procedures may become necessary. 

The possible types of risks to be as
sessed in agricultural biotechnology are 
the likelihood of the product showing 
characteristics of' 

9 potentiI for the plants to become 

weeds: 

* likely toxicity ofplnts and plant ma

i potential pathogenicity of' microor

ganisms; 

e potential foranimals to become pests. 

These risks are similarto those assessed 
according to whether the organisin canlllant,when an exotic animal, or micro

be confined or controlled, as well as the 
potential ef'f'ects of a f'ailure to conf'ine 
orcontrol it - which define the relative 
saf'ety or risk of the introduction. 

An NRC-recommended framework to 
assess field testing of geneticv'ly modi-
fied plants and microorganisms and de- 
termine the degree of' familiarity of' a 
particular case is shown in appendix D. 

organism is to be introduced into any 
aica. often f'or the purpose of'biological 
control of a pest. In many instances in 
the use of' modern biotechnology, we 
will be much more familiar with the 
likely behavior of' the genetically nodi
fied oranism, if it is based on a single
genc modification of its parent, than if' 
it were an exotic organism with which 
we are wifamiliarin this environment. 
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It follows that, if problems arise in con-
junction with the use ol'modern biotech-
nology products, they are most likely to 
be similar to problemns with which we 
are already familiar and experienced as 
a result of using traditionally generated 
products in similarsettings(NRC 1989). 

In evaluating the potential risks associ-
ated with these new technologies, the 
appropriate question is not "-How can 
we reduce the potential risks to zero?" 
but *'Whatare the relative risks of the 
new technologies compared with the 
risks of the technoiogies with which 
they will compete? . . .What are the 

risks posed by ovCrregulating or failing 
to fully develop new technologies? How 
do we weigoh costs and benefits?" 

It would be unfortunate if concerns 
over the potential impact o'planned 
introductions of genetically engi
neered organisms, which may be 
safer than the competing chemical 
technologies they could displace, lead 
to such a stringent and expensive reg
ulatory approach that economics 
force continued reliance on older, less 
safe technologies, such as the wide
spread use of chemical pesticides in 
the environment. 

Possible National or Regional
 
Biosafety Systems 

The approach a country takes to en-
sure the safety of modern biotechnology 
products will depend on the regulatory 
structures in place. Five principles that 
merit consideration by national policy-
makers are listed below: 

I 	Regulatory review should focus on 
the characteristics and risks of the 
biotechnology product - not the 
process by which it is created. 

2. 	For biotechnology products requir-
ing review, the review process 

should be set up for efficiency and 

effectiveness while assurinlg the 

protection of public health and envi
ronmental safety. 

3. 	Any additional regulatory require
ments for new biotechnology prod
ucts should bC integrated into the 
overall regulatory systems that gov
em the rclease Of neW Products in 
the agricultural sector. 

4. 	 Regulatory programs should he 
flexible and capable of adapting 
quickly to new knowledge and 11ndrstanding roducd by the rapid 
advances in biotechnology. 
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5. 	To create oppoitunities forthe arpli-
cation of innovative biotechnology 
products, all regulation in en,"iron-
mental and health areas - whether 

Biosafety Guidelines 

There are advantages in incorporat-
ing biotechnology regulation in existing 
legislation and institutional arrange-
ments to avoid creating a new regula
tory infrastiIcture specifically for 
biotechnology. New guidelines. linked 
with releva existinlg legislat ion, canl heitgn
formulated and implemented to cover 
laborato,y practices, small-scale field 
trials, and commercial releases. This 
usually requires establishing a nationalt, 
biosafcty comm itteC. supported by an 
institutional biosafety committee il 
eaich research institulC deal ing with 
modern biotechnology. 

Based on the following, Millis (1990) 
described the advantages of this ap
proach to the development of biosafety 
guidelines: 

* 	Flexible guidelines that can readily
L_be amended in response to new tech-

niques. 

* 	Practicing scientists (e.g.. molecular 
biologists. microbiologists. epidemni-
ologists. ecologists) can serve on the 
assessment committees on a part-
time basis, thus ensuring that current 
expertise is always available, 

or not they address biotechnology 
- should use performance stan
dards rather than rigid controls or 
specific design requirements. 

* 	 Laws always lag behind events, and 
in this area of science, the expansion 
of knowledge is rapid. 

* 	 Law:, are designed to be interpreted 
recit 

y 	 gudlnsetotheprtof the restraints as well as delailed 
requirements. 

Guidelns are acceptable in a court 
of law in jUdg-ing whether an action is 
dangerIouIs Or neg1liet. 

e o t. 

* 	 Employers have legal responsibility
for their employees, and employers 
can require employees to abide by the 
guidelines. 

Government employment, research 
supported by government money, 
and all tax or other concessions grant

ed by government to industry can be 
made conlditionlal 111)0ll111th benleficiary ahiditic by the gnmdlhnes. 

t 	 h ie 

In most countries there is leCislation 
(in 	 addition to common-law provi
sions) that could control new technol
ogy. New legislation may duplicate 
existimng regulations and, at worst, 
cause conflicts between different 
regulating bodies. 
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* 	The hazards of genetic manipulation than laws. which are generally de
are still conjectural and, hence, signed to address a specific, defined 
guidelines seem more appropriate problem. 

National Biosafety Committee 

The first step in developing appropri-
ate policies and procedures for the reg-
ulation of biolechnology is to establish 
a national biosafety advisory conlnit-
tee. Possible terms of reference for such 
a committee awe given in table I. The 
purpose of the national committee is to 
set policy and procedures at the national 
level and to provide technical advice to 
the regulatory authorities and the insti-
tutions responsible for the development 
of biotechnology in tile country. 

The national biosafety committee may 
be a subcommittee of a national biotech-
nology committee, where one exists. It 
should contain ri-embers with a range of 
relevant scientific disciplines (e.g., mi-
crobiologist, geneticist. ecologist) inad-
dition to nontechnical members 
representative of community interests. 

The situations atnational hiosafety corn-The anatonaitutios bisalty om-
mittee is likely to have to deal with are 

" assessment and regulation of in-
country research: 

* 	assessmentof safety of' imported bio-
technology products. 

For in-country research, this requires 
that the national biosafety committee set 

out required guidelines for laboratory 
and field research and establish the nec
essary structures and responsibilities to 
see that these are implemented by the 
relevant organizations in the country. 

An important consideration in dealing 
with requests for permission to field-test 
or market modern biotechnology prod
ucts for commercial applications is to 
determine whether existing safety-as
surance mechanisms are adequate to 
evaluate biotechnology (or other new) 
products. These issues are best consid
ered hy governments well in advance of 
receiving requests for permission to test 
or market new products inorder to avoid 
regulatory uncertainty or Undue delay in 
considering the potential applications of 
hiotechnology inlthe cctlry. 

If there are appropriate regulations and 
procedures i n-cou ntry that govern thePOCI1-SilC~lr htgvr h
release of new plant varieties, the sale 
e of ne pstictis. dte se 
of'vaccines 11nd pesticides. Mid tile r-

lease of'biocontrol agents. these samemechanisms can be used to regulate the 

use of the products of modern biotech

nology. If not, then appropriate legisla
tion and regulations need to be 
introduced in order to have a suitable 
regulatory framework for the aricul
ture sector as a whole. 
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Table, 1. 	 Suggested Terms of Reference for a National Bio
safety Committee (NBC) 

Having regard to the Governn nt's wish for a systeml Jir technicaland biosayety
advice to be provided to the Ministers and other appropriate governmental 
authorities on the continuing assessment of the risks and benefits, associated with 
the production and/or application of biological materials produced in laboratories 
and which occur in nature, the Committee shall: 

I. 	 Establish and review, as necessary, Guidelines for both physical and biological 
containment and/or control procedures appropriate to the level of assessed 
risk involved in relevant research, development and application activities. 

2. 	 Review relevant proposals, except those that relate to research under 
contained laboratory conditions, and recommend any conditions under which 
this work should I'e carried out, or that the work not be undertaken. 

3. 	 Consult with relevant government agencies and other organizations as 
appropriate. 

4. 	 Report to the Minister and other responsible governmental authorities at least 
annually, ar'd also report promptly after any breaches of the Guidelines 
referred ta in 1 above, and on other relevant matters refrrred to them. 

5. 	Establish contact and maintain liaison with such monitoring bodies in other 
countries and with international organizations. as is appropriate. 

6. 	 As necessary, advise on the training of personnel with regard to safety 
procedures. 

7. 	 Collect and disseminate information relevant to the above, having due regard 
to the special circumstance relating to proprietary information. 

8. 	 Establish and oversee the work of a scientific subcommittee, whose guidelines
follow and whose role and function ipclude not only participation in items 3, 
5, 6, 7, above. but also all research performed under contained laboratory 
conditions. 

The Scientific Subcommittee shall: 

I. Be formed to support the work of the NBC. It shall enter into discussions 
directly with scientists and institutions where they work, and with 
fund-granting bodies in determining the conditions under which research 
should be carried out. 

2. 	 Review proposals for such research and recommend any conditions under 
which experiments should he carried out, or that work not be undertaken. 

3. 	 Provide technical advice to the NBC and contribute to its functions in relation 
to laboratory contained research. 

Sources: Adapted from IICA (1988) and Millis (1910). 
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For imported biotcchnology products, fr anyl'urther I .'ulcal feSting Of*the piod
the rcgulatory responsibility should rest uct prior to its commenCrcial use. III tlste 
with the relevant reo ulatory lgency t'tl assesslellntis. the national committee 
monitors the importation of hiolo ical may' wish to dlra Ol export aIdvice 1mmlii 
atlents into the counir\, (e.... the an i inal outside the coulntrV fImll those f[ini ilhar 
and plant quarantiiC serx'Vice). The na- with the characteristics and belhavior oi 
tional biosaletv committee should play the product in its conuntry of origiin. A 
:'11active advisoi role to this a 10ncyto list of plossiblC sources o1 additional il
assist in assessing the adequacy of the formation advice lor the assesmentlnd 

tsts, done1 in the i+roduct's coutry of of specific cases is gix'Cn in alpenlix A. 
o. in and dCtCrin iIli 1 i f there is at need 

Institutional Biosafety Committees 

T he National Biosaftv Committee 
should request that each institution in 
the country conlucting-research ill mo10h-
ern biotechnology establish an irstitu-
tional biafety committee (IBC) and 
UsCuate a I+olo0 ical salfety officer, 

Table 2 gives terms of reference fm a 
institutional biosalety conmite. 
respoilsibilities o1 i biological saletyZ,
ol'iicCri ild escribed in table 3. 

The IBC's terms of rercrlCIe iid I list 
of its niemubers and their Clual fiationls 
should be widely circulated witlin tle 
institution aiid to the national conmit-

tee. as well as imaice publicly aVailabeh. 

The membershiip of an instit ut ionial 
biosalety conmittee should iniclIde 
members with the appropriate technical 
expertise as wellIas external experts and 
lay members. The IBC should have 
enough scientific expertise so that it is 

not totally depCndl.nt on the advice of a 
Ipr'o.iect supervisor Ito10 make assessments 
of that super\'isor's pro jects. The i'sti-
Rute ImaI.NylSO wish to consider the inltii
sion of pe rsoins v aWith biroa drCI 
back 2ertcund - oe ilot Ilecessarily tech
nical - on the COIIIIIiICC. In addition. 

the nional biosfet, conmittee may
COtmsiclCr_ it LIC~'ihlC tt) 11l1)Oiilt somle 
osieder it d t e o a oi to 

prsons from outside the or'n.tliion to
the IB3C. 

It is recoe iized tha .itoiil!oraiiizatioins, 
Iarticilarl' Slliller"onles. may have dif
'iculIties setting tp an ist itlit ionllI 

biosa letv commnittee With the requisite
breadth of exprise. In such cases, the 

naimmill biosafeCty commitiCC could pro

vide the lceCssaiyld'V ice and assistance 
to1fulfill the role o1 theI IBC f'or the 
istiituitio. Altllrnalil\'Cl', it could ff
range "orseveral smaller organizations 
to c l)istitlute a cornm1oi institutional 
biosafity committee. 
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Table 2. Suggested Terms of Reference for an Institutional 
Biosafety Committee (IBC) 

1. 	 To review and endorse applications; 
2. 	 To consult with aid request approvals from the National Biosafety Committee 

(NBC); 

3. 	 To implement the recommendations of the NBC; 
4. 	 To establish a program of inspections to ensure that the physical containment 

facilities continue to meet requirements and that the other proccdures and 
practices specified in these guidelines are followed; 

5. 	 To ensure that all personnel involved in the work have sufficient training and 
experience; 

6. 	 To maintain a list of project supervisors and other supervisors approved by
the IBC as competent to perform supervisory duties for particular projects; 

7. 	To maintain individual records and files of individual research projects; 
8. 	 To investigate and report promptly to the NBC all accidents, unexplained 

absences and illnesses; 

9. 	 To provide an annual report to the NBC. 

Table 3. Suggested Terms of Reference for a Biological 
Safety Officer (BSO) 

1. 	 The officer should be familiar with the biosafety requirements for the 
recombinant -DNA work and facilities, and be able to make zhecks and advise 
on biosafety issues on a day-to-day basis. 

2. 	 The officer should be given sufficient independence and authority to ensure 
that biosafety is not compromised by other considerations. 

,3. The officer may be a member of the Institutional Biosafety Committee (IBC). 
4. 	 A report from the officer should form part of the IBC's annual report to the 

National Biosafety Committee. 

Source: Adapted from IlCA (1988). 

Project Supervisors 

F or each project concerned with a designated proje'! supervisor respon
modern biotechnology, there should be sible for all aspects of the work. This 
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person should take full responsibility 
for accurately and completely describ- 
ing the proposed project to the IBC and 
for carrying out tile work in accordance 
with this description. The project Super-
visor must also ensure that all workers 
arr suitably trained for the tasks they 
will perform, as well as in safety and 
emergency procedures, for which clear 
protocols mutst exist. Workers must be 
familiar with any hazards in the work 

area and be informed of the purpose of 
thesegu ideli ncs. 

The project supervisor, and indeed all 
persons Wvho Will at sonic ime SUpcLrVise 
the work, must be approved by the IBC 
Ishaving the reluisite Comp1etence. The 

113C should maintain a list of approved 
supervisors. Ifthe project supervisor is 
changed, the IBC should be advised 
promptly. 

International Harmonization
 

I nternatioial harmoniziation of 
biosafety guidelines is the subject of 

European Community (EC) 

The EEC Council released directives 
in April 1990 on the contained use and 
deliberate release into the environment
of genetically modilied organisms. 

These were to be implemented by Octo-

discussion in several bora, primarily in 
the OECi) and several UN agencies. 

ber 1991 by all membercountries. How
ever, several countries have cncoun
tered difficulties in interpreting and 
implementing these directives into na

tional law. 

Organization for Economic Cooperation 
and Development (OECD) 

The Organization for Economic Co- has sponsored continuing collaboration 
operation and Development (OECD) among its nernber countries on safety 
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in biotechnology since the emrly IQ8)s. 
It prepares guid:Ince documents that are 
broadly accepted by all OECD member 
countries, atnd which are often used in 
shaping national policies and u idClines 
in many OECD member couintric,.. Two 
princil)al publications have been pre-
pared by an OECD committee of a-
tional experts from 25 countries. The 
first is the 1986 study' onl Re'ombinani: 
INA Saftiv Considerations (OECI) 
1986). It contained recoinmendat ions 
oil safely considerations on the applica-
tionsof recombinant-l)NA organisms in 
industry, 111ricultuc. and the cnViron
ment which were endorsed b)'the ()EC) 
Council (table 4). The OF.Cl) uidel ines 
are the best inticroxerinmentally 
agreed-upon guideli nes irescnt lv avail-
able. They are recommended as a 
basis for the development of national 
policies and procedures. 

The second document is a 1992 publi
cation that provides updated safely cri
teria and guidelines fbi' -goodl industrial 
I',e-scale practice for .le handlinc of 
low-risk recoinbin.nt-)NA microorga
nisms in industrial production (OI-IX) 
1992). It also describes 'ood develop
ment principles for the design of safe, 
simaIll-scale field trials with genetically 
modified plants and microoregrnisms, 
endorsed by the OECD. The OECD is 
prescntlyconsidering siini larguidelines 
for large-scale field trials of genetically 
modifliCd plants and inicroorganisms. 

Intended to be scientifically based, the 
OEC) documents hmv he broadest 
support of any of interoovernmental or 
intcrnationl documents. They are rec
ommended as guides fordeveloping na
tionl policies and procedures. 

UNIDO/UNEP/WHO/FAO Working Group
 
on Biosafety 

A i inloinal working roup 01'repr-
sentati yes fr"om four UN agyelcies haz.s 
been reviewing biosaffety issues over the 
past several years. On behalf of the 
working group. the UNIDO Secretariatt 
has prepared a vo'luntary internMtional 
code of conduct f'or relcaIse olorganisis 
into the environment. A group of inter-
nationally recogn1ized experts from seV-1 
eral countries met twice in 1990-91 to 
prepare the \ ol untary code of conduct. 
This Cocuiient outlines general Vrinci-
pies or standards of pralctice applicable 

to the intdtionlliII orgnisms or their 
products/metabolites into the environ
inent. It sets out basic gutidelines for 
both governments and scientists. The 
.guidelines arc fimned to encourage the 
commercial use of biotCchnology prod
ucts. This document should be valuable 
to those seeking to phlce biotcchnology 
lpi-ducts and their risks and benefits in 
an appropriate perspective. It provides 
an international pcrspectiv e from which 
to develop f'urther national policies and 
I)rocedtires. 
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Table 4. 	 Recommendations of OECD's Council Concerning 
Safety Considerations for Applications of Recombi
nant-DNA Organisms in Industry, Agriculture, and 
the Environment 

The Council, 
Considering that recombinant-DNA techniques have opened up new and promising 
possibilities 	in a wide range of applications and can be expected to bring 
considerable benefits to mankind: 

" 	 Recognizing, in particular, the contribution of these techniques to 
improvement of human health and that the extent of this contribution is 
expected to increase significantly in the near future; 

" 	 Considering that a common understanding of the safety issues raised by 
recombinant-DNA techniques will provide the basis for taking initial steps 
towards international consensus, the protection of health and the 
environment, the promotion of international commerce ond the reduction of 
national barriers to trade in the field of biotechnology; 

" 	 Considering that the vast majority of large-scale, industrial, recombinant-
DNA applicat'ons will use organisms of intrinsically low risk that warrant only 
minimal containment consistent with good industrial large-scale practice 
(GILSP); 

* 	 Considering that the technology of physical coutainment is well known to 
industry and has successfully been used to contain pathogenic organisms for 
many years; 

" 	 Recognizing that, when it is necessary to use recombinant-DNA organisms of 
higher risk, additional criteria for risk assessment can be identified and that 
these organisms can also be handled safely under appropriate physical and/or 
biological containment; 

* 	 Considering the assessment of potential risks of recombinant-DNA organisms 
for environmental or agricultural applications is less developed than the 
assessment of potential risks for industrial applications; 

* 	 Recognizing the assessment of potential risk to the environment of 
environmental and agricultural applications of recombinant-DNA organisms 
should be approached with reference to, and in accordance with, iniormation 
held in the existing data base, gained from the extensive use of traditionally 
modified organisms ;I agriculture and the environment generally, and that 
with step-by-step assessment during the research and development process 
potential risk should be minimized; 

" 	 Considering the present state of scientific knowledge; 
* 	 Recognizing that the development of general international guidelines 

governing agricultural and environmental applications of recombinant-DNA 
organisms is considerod prenature at this time; 
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Table 4. (continued) 

0 	 Recognizing that there is no scientific basis for specific legislation to regulate 
the use of recombinant-DNA organisms; 

On the proposal of the Committee for Scientific and Technological Policy: 

1. 	 RECOMMENDS that Member countries 
a. 	 share, as freely as possible, information on principles or guidelines for 

national regalations, on developments in risk analysis and on practical
experience in risk management with a view to facilitating harmonization 
of approaches to recombinant-DNA techniques; 

b. 	 examine their existing oversight and review mechanisms to ensure that 
adequate review and control of the implenientaion of recombinant-DNA 
techniques and applications can be achieved while avoiding any undue 
burdens that may hamper technological developments in this field; 

c. 	 recognize, when aiming at international harmonization, that any approach 
to implementing guidelines should not impede future developments in 
recombinaut-DNA techniques; 

d. 	 examine at both national and international levels further developments 
such as testing methods, equipment design and knowledge of microbial 
taxonomy to facilitate data exchange and minimize trade barriers between 
countries. Due account should be taken of ongoing work on standards 
within international organizations, e.g., WHO, CEC, ISO, FAO, MSDN; a 

e. 	 make special efforts to improve public understanding of the various aspects 
of recombinant-DNA techniques; 

f. 	 watch the development of recombinant DNA techniques f)r applications 
in industry, agriculture, and the environment, while recognizing that for 
certain industrial applications, and for environmental and agricultural 
applications of recombinant DNA organisms, some countries may wish to 
have a notification scheme; 

g. 	 ensure the assessment and review procedures protect intellectual property 
and confidentiality interests in applications of recombingnt DNA, 
recognizing the need for innovation i.hile still ensuring that all necessary 
information is made available to assess safety. 

2. 	 RECOMMENDS, with specific reference to industrial applications, the 
Member countries: 
a. 	 ensure, in large-scale industrial applications of recombinant DNA 

techniques, that organisms which are of intrinsically low risk are used 
wherever possible, an(: handled under the conditions of Good Industrial 
Large-Scale Practice (GILSP) described in the report; 
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Table 4. (continued) 

b. 	 ensure that, when a risk assessment using the criteria defined in the report 
Andicates that a -ecombinant DNA organism cannot be handled merely by 
GILSP, appropriate containment measures, in addition to GILSP, and 
corresponding to the risk assessment are applied; 

c. 	 encourage, in large-scale industrial applications requiring physical 
containment, further research to improve techniques for monitoring and 
controlling nonintentional release of recombiinant-DNA organisms. 

3. 	 RECOMMENDS, with specific reference to agricultural and environmental 
applications, that Member countries 

a. 	 use the existing considerable data on the environmental and human health 
effects of living organisms to guide risk assessments; 

b. 	 ensure that recombinant-DNA organisms are evaluated for potential risk, 
prior to applications in agriculture and the environment by means of an 
independent review of potential risks on a case-by-caseb basis: 

c. 	 conduct the development of recombinant-DNA organisms for agricultural 
or environmental applications in a stepwise fashion, moving, where 
appropriate, from the laboratory to the growth chamber and greenhouse, 
to limited field testing and finally, to large-scale field testing; 

d. 	 encourage further research to improve the prediction, evaluation, and 
monitoring of the outcome of applications of recombinant-DNA orpanisms. 

4. 	 INSTRUCTS the Committee for Scientific and Technological Policy to: 

a. 	 review the experience of Member countries in implementing the principles 
contained in the report; 

b. 	 review actions taken by Member countries in pursuance of the 
Recommendation and to report thereon to the Council; 

c. 	 consult with other appropriate Committees of the OFCD in developing 
proposals for a coordinated future work program in biotechnology. 

Source: OECD (1986). 
a. 	 WHO =World Health Organization, CEC = Commisskm of the European Communities, 

iso = International Standards Organization, FAO = T'ood and Agriculture Organization 
of the United Nations. NISDN = Microbial Strains Data Network. 

b. 	 Case-by-cse means an individual review of each proposal against assessment criteria 
that are relevant to that particular proposal. This is not intended to imply that every 
case will require review by a national orother authority since various classes of proposals 
may be excluded. / 
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United Nations Conference on the 
Environment and Development (UNCED) 

Tihe environmentall, sound manage- 
ment of biotechnology is one of the 
priority areas being examined in rela-
tion to UNCED. A series of initiatives 
are being proposed in a doculent enti-
tied -Agenda 2 1,-to be considered at 
the UNCEDconference in Brazil in June 
1992. Five prograim areas are proposed: 
I ) increasing the availability of food, 

fuel, and renewable raw materials: (2) 
improving human health: (3) protecting 
th1,environment: (4) improving safety 
and international cooperative mocha-
nisms: (5) establishing mechanisms for 
tle development and environmentally 
sound application of biotechnology. 

Ifbiotechnology is to bC Used safely and 
eff''ectively, its regulat ion needs to be a 
component of' the national regulatory 
framework in the relevant sector. It is 
this thiat is necessary to ensuire the safe 
and timely intro(IIction of' new prod-

ucis, not tile bios:tl'ety component alone. 
For example, in tll agricultural sector, 
the regtlahtory ,;.tem needs to cover 
plant and animal qu1arantine, the ap-
proval of' new plant varieties, the regu-
lation of' pesticides, the production of 
vaccines, and the use of biocontrol 
agents, itswell itsbiosafety. 

One option under disciission is to con-
sider the need for, and lie feasibility of', 
an international code of' conduct (or 
legal inlstr'unent) (il biosafety. To es-
tablish international legal nielanis of con-
trol f'or biosaf'ety would be a departure 
from tile experience acquired during the 

development of biotechnology iii OE-cD 
countries. All OLCI) countries regulate 
biotechnologyon the basis of guidelines 
ornational legislation. Further, different 
approaches are being taken by various 
OE 'D)members, based ,n the O1CD 
Council's guidance documents on 
"good development practices," which 
provide the basis for the development of 
national approaches. 

The imposition of an international legal 
franiework on regu lating biotechnology 
may be seen by individual countries as 
a "top-down" approach - rather than 
enabling each to determine its own 
strategies in light of the available inl'or
mation. the accumlating experience in 
modern biotechnology, and national 
p'riorities f1or the use of'biotechnology in 
medicine. agriculttme. and the environ
ment. The strategies chosen are likely to 
differ, depending 0n the size of the 

country. tile environmental and devel
opment challenges it faces, the strength 
of its science and technology sector, and 
whether it is primarily a developer oran 
importer of' technology. 

A usef'ul ttcome from UNCED would 
be f'or all couiltries to exanline UNIDO's 

\oluntary nt'rnational Code of Con
duct on the Release f Olcrnisns into 
thcEmvi/Loninentind toestabiish an -en
abling mechanism'' to provide advice. 
Oil request. to individual countries seek
ing to establish a national iCgulaor'y 
f'ra.nework f'or the use of'biotechnology. 
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Appendix A 
Additional Sources of Information 

Africa 
Cete d'lvoire 

Dr. Gaston Grenier 
i)irector General 

Kenya 

I)r.,john Doyle 
Deputy Director 
Genera l 

Dr.Calestous JUnia 
Director 

Zimbabwe 

Prof.C. Chtsang-a 
Pro-Vicc-Chllancellor 

Asia 
ASEAN 

Prof. Yongyulh 

Yuthavong 

Chair 


India 

Dr. S. Raniachandran 
Secretary 

Dr.Manju Sharnma 
Senior Advisor 

I)r. 11.K. Srivastava 
Project Cooordinator 

Institut International de Recherche 
SciCntitique pour IclDev'loppenlent 
en Afrique (IIRSDA) 

B. P. V5 I Abidjan, Ctte dIvoire 

Intenational Laborator'y for Research 
in Aninal Diseases ILRAD) 

Nahirobi. Kenva 

Atrican Centre Ibr Technologv Studies 
P.O. Box 45917 
Nairobi, Kenya 

University olZinbalwe 
P. 0. Box M1P167 
Mount Pleasainl 
Hlrare. Zimbabwe 

ASEAN Subcommittee uil 
Biotechnology 

National Center for Genetic 
Engineering and Biotechnology 

National Science and Technology 
Development Agency 

Rania VI Road 
Bangkok 10400,Thailand 

l)epartnlent of Biotechnology 
Ministry ol Science and Technology 
Block 2, 7th Floor, CGO Complex 
ILongi Road 
New Delhi 110103. India 

Telephone: 225-454170 
Fax: 225-456328 

Telephone: 254-2-6321 I 
Fax: 254-2-631499 

Telephone: 254-2-744047 
Fax: 254-2-743995 

Telephone: 263-4-303211 
Fax: 263-4-732828 

Telephone: 66-2-245-2498 
Fax: 66-2-246-4851) 

Telephone: 99-1 I-60598 
Fax: 91-11-362884 
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Indonesia 

Dr. II)rahim Manwan 

Dr. Setijati 

Sastrapradja 

Botanist 


Australia 

Dr. Nancy F. Millis 
Chairperson 

Central Research Institute 	foiFood 
Crops (CRIFC) 

Jalan Merdeka 147 
Bogor 16111. lindone;ia 

R&D Centre Ir Biotechmology 
Indonesian Institute o Sciences 
P. 0. Box 323 
B3ogor Indonesia 

Australian Genetic Manipulation 
Advisory Committee 

Department of Microbiology
Uiiversi ty of Melbhourne 

Parkville, Victoria 3052 Australia 

Telephone: 62-251-324089 
Fax: 62-25 1-325251 

Telephone: 62-251-32 1038 
Fax: 62-251-32 1039 

Telephone: 61-62-3344-5049 
Fax: 61-62-3344-5104 

Inter-American Institute for Cooperation in Agriculture (IICA), Costa Rica 

Dr. Eduardo Trigo Technology Generation & Tranmsfer Telephone: 506-290-222 
Director 

Dr.Walter .Jaffe 
Specialist 

Pirognam 	 Fax: 506-294-741 
Iner-American Institole Imr 

Cooperation on AgrictIthIre 
Box 55. 2200(Corona.id 
Si Jse. Costa Rica 

International Service for National Agrieultuc.al Research (ISNAR), The Hague 

Dr. Barry Nestel Research Policies and S stem Telephone: 31-70-349-6149 
Director Stratecies Fax: 31-70-381-9677 

Internalionml Service Ior National 
Acicultira Research 

P.O. Box 93375 
25(19 AJ The Hlagoe,The Netherlands 

Organization for Economic Cooperation and Development (OECD), Paris 

Dr. Peter Kearns Organization for Ecoomic Telephone: 33-1-45-24-16-77 
Dr. Victor Morgenroth Co,:peration and Developmlent Fax: 3'3-1-45-24-16-75 
Dr. lit una Teso 2. Rue Andre Pascal 

75775 Paris Cedex 16. France 

Rockefeller Foundation 

Dr. Gary Toenniessen 	 The Rockefeller Foundation Telephone: 1-212-869-8500 
1133 Avenoe of the Americas Fax: I-212-764-3468 
New York. NY 10030. USA 
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Stanford University 

Prof ,Iolin Barton 	 Staiford law School Telephone: 1-415-723-2691 
Stanird Uiniversity Fax: 1-415-723-0253 
Stanfbd, CA 94305-86 10. USA 

United Nations Industrial I)eelopment Organizatio: (UNIDO), Vienna 

l)r. George Tzotzos
2"cielce Coordinator 

hiternaitional Centre f6r Genetic
Engi neering and ]jiotech l'o' 

Telephone:
Fax: 

43-1-2113 10
43- 1-232156 

(ICGEB) 
Vietina hItcrnatiomtal C,2l tre 
P.O. Box 300 
Wadi amne" Stiasse 5 
A- 1400 Viema. Astiria 

United States Agency for International Development (USAID), Washington, DC 

l)r.joel Cothen 
Btotechnolog, arid 
Geietic Resonlice 
Specialist 

Dr.John Dodds 
Managing Director 

Room 412. SA- 18. Office of 
Agricuthurc 

1ttea iflr Research & De'elopment 
US Agency fu Internatiotmal 

Developmnet 
Wash;nton. )C 20523-1809. USA 

USAII) P'roject 
Agricultral Il iotecholmh.y for 

Sustainahle lroklducli\it, 
Michigan Slale 11I1iverits 
416 Plint and Soil Sciettce Buiilditng 
East ILansing. M 48823. USA 

Telephone: 1-703-875-4219
 
Fax: 1-703-875-5490
 

Telephone: 1-517-336-1641
 
Fax: 1-517-336-1982 

United States Department o"Agriculture (USDA), Washington. DC 

Mr. Terry Medley, Esq. Biotechntolouy. Biol(gic,. & Telephone: 1-301-436-7611 
Director 

i)r..John Payne 
Associale Director 

Dr.L. Val Giddings 
Senior GetteticiNt 

Dr.Sally McCammon 
Seniot Plant 
Patholo'ist 

In irotimcntal Protection Fax: 1-301-436-8724 
Animal & Plant Ileallt h pcction 

Ser\ ice 
U.S. )cvpttment of Agriculture 
6505 Ilelcret Rd. 
Ilyattsville. MI) 20782, USA 

World Bank, Washingtona. l)C 

Dr. (abrielle Persley 
Biotechnology 
Manager 

Agricultture and I<ur:il DeVclolnient 
1)epartment 

The World Bmk 
1818 II Strect, NW 
Washington. )C 20143, LISA 

Telephone: 
Fax: 

1-202-473-0353 
1-202-334-0568 
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Appendix C 
Glossary
 

Amino Acid 
Any one of a group of 20 chemicals that are 
linked together in various comhinations to 
form proteins. Each proicin is made up of a 
specific sequence oflthse chemicals. This 
Ullique sequence iscoded for by a gene. 

Anticodon 
A particular combination of three bases in 
transf'er RNA that is complementary to a 
speciftic three-base codon in messenger 
RNA. Alignnent of codons and anticodons 
is the basis for organizing amin11o acids into 
a specific sequence ill a protein chain. 

Bacterium 
Any one of a group of one-celled microor-
,"aniss havin- round. rodlike, spiral. or 
filamientous bodies that are enclosed by a 
cell wall or membrane and lack fully differ-
entiated nuclei. 

Base 
The units of'a nucleic acid. In DNA, the four 
bases are adenine (A), guanine (G), cytosine 
(C). and thymine (T). In RNA. the b-ase 
uracil (U) replaces thymine. Bases are 
somelimes called MWIVcOlides. 

Base-pairing rule 
Two bases, one ill each strand of a double-
stranded DNA molecule, are attracted to one 
another on the basis of their chemical struC-
lure: G (guanine) always pairs with C(cyto
sine), and A (adenine) pairs with T 
(thyiine) in )NA or with U (IIraci I)in RNA. 
Based on the sequence of bases in one strand 
of DNA. it ispossible to predict the sequence 
in the opposite, complementary, strand, 

Biosafety 
The policies and procedures adopted to en
sure the environmentally safe applications 
of*biotechnology. 

Biotechnology 

Any technique that uses living organisms or 
substances froml these organismls to mlake or 
modify a product, to improve plants or ani
mals. or to develop microorganisms for spe
cific uses. 

Cell 
The smallest component of life. A mem
brane-bound protoplasmic body capable of* 
carrying on all essential lit'e processes. A 
single cell unit is a complex collection of 
niolecules with many different activities. 

DNA sequencing 
Determination of the order of b,;s in a 
DNA molecule. 

Enzyme 
A protein that accelerates a specific chemi
cal reaction, without itself being destroyed. 

Gene 

The fundamental physical and functional 
unit of heredity, the portion of a I)NA tool
ecule that is made up ofan ordered sequence 
of nucleotide base pairs that produce a spe
cific product or have an assigned function. 

(enefic code
 
The code tfat translates inf'orination con
tained inimessenger RNA into aliino acids.
 
Different triplets of' bases (called codons)
 
code for each of 20 di ff'erent anii no acids.
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Genetic engineering 
Technologies (including recombinant-DNA 
technologies) used to isolate genes from an 
organism. manipulate them in the labora-
tory, and insert them into another organism. 

Genotype 
The genetic constitution of an organism as 
distinguished from its physical appearance 
(phenotype). 

Germ plasm 
The total genetic variability, represented by 
germ cells or seeds, available to a particular 
population of organisms. 

Hybrid 
An offspring of across between two genet-
ically unlike individual plants or animals. 

Hybridoma 
A new cell resulting from the fusioo of a 
myeloma cell (a type of tumor cell that 
divides continuously in culture) with a lvi-
phocyte (an antibody-producing cell). Cull-
tures of such cells are capable of continuous 
growth and specific (i.e., rilonoclonal) anti-
body production. 

Intellectual property 
That area of the law involving patents, 
copyrights, trademarks, trade secrets, and 
plant variety protection. 

Ligase 
An enzyme that joins the ends of DNA 1oo-
ecules together. These enzymes are essen-
tial tools in genetic engineering. 

Monoclonal antibodies 
Identical antibodies that recognize a single, 
specific antigen and are produced by aclone 
of specialized cells. 

Restriction enzyme 
Bacterial enzymes that recognize specific 
short sequences of' DNA and cut the DNA 
where these sites occur. 

RFLP 
Restriction fragment length polymorphisnis 
- fragnents of differing lengths oflDNA 
that distinguish individuals, produced by 
cutting with restriction enzymes. They re
sult from variations in tile I)NA sequence 
and can be detected with radioactive probes 
and used as markers in breeding. 

RNA (ribonucleic acid) 
Nucleic acid complementary to I)NA - the 
three kinds of RNA important in the genetic 
processes in cells are messentger RNA 
(niRNA), ribosomal RNA (rRNA) and trans
ter RNA (tRNA). 

Species 
Reproductive communities and populations 
that are distinguished by their collective 
man ife statio of ranges of variations wi t 
respect to many different characteristics anid 
qualities. 

Tissue culture 
The propagation of tissue removed from 
organisms in a laboratory cnvironment that 
has strict sterility, temperature, and nutrient 
requiremients. 

Transcription 
The process of converting information in 
DNA into infornation contained ill inessen
ger RNA. 

Transfer RNA (tRNA) 
RNA that is used to position amino acids in 
the correct order during protein construc
tion. 

Transformation 
Introduction and assililation of DNA from 
one organism to another via uptake of naked 
DNA. 

Transgenic animals or plants 
Animals or plants whose hei'editary DNA 
has been atugmentcd by the addition of DNA 
from a source other than parental germ 
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plasm, in a laboratory using recombinant-
DNA techniques. 

Tran.lation 
The process of converting the information 
in messenger RNA into protein. 

Source: Persley (1990b). 

Vector 
A carrier or transmission agent. In the con
text of recombinant-DNA technology, a 
vector is the DNA molecule used to intro
duce foreign DNA into host cells. Recombi
nant-DNA vectors include plasmnids, 
bacteriophages, and other forms of DNA. 
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Appendix D 
Framework for Risk Assessment 

Is there FAMILIARITY based on past
 
introductions with safe history?
 

Yes 	 No 

A 

Field test according to Is there adequate 
established practice CONFINEMENT? 

(manageable by 
accepted standards). 

Not certain 	 Yes 

A 	 A 

Evaluate potential Field test under 
ENVIRONMENTAL EFFECTS. appropriate confinement. 

Source: Modilled from NRC (1989). 

Appendix Figure 1. 	 Framework to assess field testing of genet
ically modified plants 

31 



Is the genetically modified plant a product
 

of classical genetic methods?
 

No \ 	 Yes 

Is the genetically modified plant phenotypically Yes 
equivalent to a product of a classical method? - - Regard as FAMILIAR 

I No 	 /Yes 
Is the plant modified only by the addition of
 

a marker gene or DNA sequence that will have
 
no agricultural or environmental effect?
 

No 

Regard as NOT FAMILIAR 

Source: Adapted from NRC 1989) 

Appendix Figure 2. 	 Familiarity tests for genetically modified 
plants 
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Are cross-hybridizing
 
species present?
 

Yes or 
No \ uncertain 

Yes or
 
Can the genetically modified plant uncertain Evaluate potential
 

ENVIRONMENTALcpconfinement?
escape cEFFECTS 

NoYes or
 

uncertain 
No 

Is the genetic modification
 
mobile or otherwise unstable?
 

No 

FIELD TEST
 

Source: Modified from NRC (1989). 

Appendix Figure 3. 	 Confinement tests forgenetically modified 
plants 
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Is there potential for negative impact on managed
ecosystems? 

Does the plant have altered resistance to insects or 
pathogens? 

Does the plant have new weed 	 .haracteristics? 

Does the plant pose hazards to local iauna or 
flora? 

Is there potential for negative impact on natural
 
ecosystems?


Perform field test under Are cross-hybridizing relatives present?

appropriate confinement 
 A s ielevel based on potential 	 Can the new trait impart increased competitivenessenvironmental effects to weedy relatives? 

Does the genetically modified plant have new weed 
characteristics that could make it successful 
outside of the managed ecosystem? 

0 
0 
0 

L- (Other potential environmental effects) 

Source: Modifled from NRC (1989). 

Appendix Figure 4. 	 Potential environmental effects: 
appropriatequestions for specific applica
tions to be added by users of the frame
work for release of genetically modified 
plants 
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Is there FAMILIARITY based on past
 
introductions with safe history?
 

Yes 	 No 

Field test according to Is there adequate CONTROL after introduction? 
established practice 

Yes 	 No 

Yes Low uncertainty Moderate uncertainty 

Have significant adverse 
environmental EFFECTS 
been reasonably excluded? 

No Moderate uncertainty High uncertainty 

Source: Modified from NRC (1989). 

Appendix Figure 5. 	 Framework to assess field testing of genet
ically modified microorganisms 
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Is 	 the organism similar to those
 
used in past introductions?
 

Yes 	 No 

Is the intended function similar No \4 
to those used in past introductiorn.: ,,Regard asNOT FAMILIAR 

Yes 	 No 

Is the target environment similar 
to those used in past introductions?JYes 

Accept as FAMILIAR 

Source: Adapted from NRC (1989). 

Appendix Figure 6. 	 Familiarity tests for genetically modified 
microorganisms 

36 



Is the introduced organism
 
adequately biologically controlled?
 

Yes 	 N 

Is gene exchange No 	 Regard as 

adequately limited? 	 10 NOT ADEQUATELY 

I YCONTROLLED 

Is spread to nontarget

environments controlled?
IYes 

Accept as ADEQUATELY CONTROLLED 

Source: Modified from NRC (1989). 

Appendix Figure 7. 	 Control: 
Appropriate questions for specific applica
tions to be added by users of the framework 
for the release of genetically modified mi
croorganisms 
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Is the microorganism killed
 
before introduction?
 

J No 

Has the microorganism been effectively Yes 
disabled, for example, by incorporating
 

an effective "suicide" function? Yes
 

Accept as 
No ADEQUATELY 

CONFINEDto ,--YesHas the microorganirm been modified 

limit its ecological niche?a 

No 

Is the microorganism intended for
 
introduction demonstrably less fit
 
than its unmodified counteipart?
 

I No 

Regard as NOT ADEQUATELY CONFINED 

Source: Modified from NRC (1989).

Note: With respt-ct to substrate utilization, host i~nge. physiological tolerance, resistance,

competitiveness. or
 

Appendix Figure 8. Biological confinement: 
Appropriate questions for specific applica
tions to be added by users ofthe framework 
for the release of genetically modified mi
croorganisms 
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What is the intended function of the introduced organism? 

- Microbial enhancement of plant nutrition 
For example, is the intended function, if carried out in excess, 
poteriially detrimental to the target environment? 

- Microbial biodegradation of toxic pollutants 
For example, is it possible that toxic compounds could be produced 
as by-products of the microorganism's biodegradative activities? 

- Microbial biocontrol 	of pest populations 

For eY'.,?pe, is the biocontrol agent specific to the target pest 
population or might it also 	be toxic or pathogenic to other 
organisms (including plants, 	 invertebrates, or vertebrates) in 
the environment? 

0
 
0
 
0
 

1- (Other potential environmental effects) 

Source: Modified from NRC (1989). 

Appendix Figure 9. 	 Potential environmental effects: 
Appropriate questions for specific applica
tions to be added by users of the frame
work for the release of genetically 
modified microorganisms 
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