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Glossary
Cartagena protocol on biosafety (CPB) The Cartagena Protocol on Biosafety to the Convention on
Biological Diversity is an international agreement
which aims to ensure the safe handling, transport,
and use of living modified organisms resulting from
modern biotechnology that may have adverse
effects on biological diversity, taking also into
account risks to human health. It was adopted
on 29 January 2000 and entered into force on
11 September 2003 (for full text, see http://bch.
cbd.int/protocol/text/).
Convention on biological diversity (CBD) The objectives of this Convention are the conservation of
biological diversity, the sustainable use of its components, and the fair and equitable sharing of the
benefits arising out of the utilization of genetic
resources, including by appropriate access to
genetic resources and by appropriate transfer of
relevant technologies, taking into account all rights
over those resources and to technologies, and by
appropriate funding (for full text, see http://www.
cbd.int/convention/text/).
Convention/protocol/treaty A treaty is an agreement
in written form between nation-states (or international agencies, such as the United Nations, that
have been given treaty-making capacity by the
states that created them) that is intended to establish a relationship governed by International Law. It
may be contained in a single instrument or in two
or more related instruments such as an exchange of
diplomatic notes. Various terms have been used for
such an agreement, including treaty, convention,
protocol, declaration, charter, covenant, pact, act,
statute, exchange of notes, agreement, modus
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vivendi (“manner of living” or practical compromise), and understanding. The particular designation does not affect the agreement’s legal character.
Genetically modified/genetically engineered/transgenic organisms Organisms, such as plants, animals, and microorganisms (with the exception of
human beings), in which the genetic material
(DNA) has been altered in such a way that does
not occur naturally by mating and/or natural
recombination (The terms “genetically modified”
(GM), “transgenic,” “genetically engineered” (GE),
and “living modified” (LM) are used in different
legal instruments around the world. It is useful
(and deliberate) in this document to essentially
use them interchangeably).
Living modified organism (LMO) Any living organism that possesses a novel combination of genetic
material obtained through the use of modern biotechnology (according to the CPB).
Modern biotechnology The application of [1] in vitro
nucleic acid techniques, including recombinant
deoxyribonucleic acid (DNA) and direct introduction of nucleic acid into cells or organelles, or [2]
fusion of cells beyond the taxonomic family, that
overcome natural physiological reproductive or
recombination barriers and that are not techniques used in traditional breeding and selection
(according to the CPB).
Definition of the Subject
This contribution describes and compares the regulation of GMOs and the underpinning legislative frameworks in selected countries from around the world. It
also includes a description of the relevant international
agreements related to biosafety and a description of the
main characteristics and attributes of a modern biosafety regulatory framework in this area.
Introduction
The rapid development and deployment of modern
biotechnology in the last decades have made biosafety
a critical issue. Although modern biotechnology has
the potential of benefiting agricultural interests in
developing countries as well as overall human welfare, living modified organisms (LMOs) resulting
from modern biotechnology or genetically modified
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organisms (GMOs) remain a source of concern with
regard to the conservation and sustainable use of biodiversity, as well as to human health. The perceived
risks, which relate to the release of GMOs into the
environment as well as the placement of GMOs onto
the market, have as much to do with social values as
scientific concerns. For example, social concerns may
require the labeling of genetically modified (GM) food
and feed, the mitigation of socioeconomic impacts, and
the demonstrated potential for the co-existence of
organic, conventional, and GM farming [1].
Global use of GM crops is growing rapidly, increasing approximately 87-fold from 1996 to 2010 to
148 million hectares under cultivation by 15.4 million
farmers in 29 different countries [2]. Furthermore, the
estimated value of the global GM crop market in
2010 grew to US$11.2 billion, while the value of
harvested products was estimated at US$150 billion
[2]. Although the majority (52%) of GM crops are
still grown in industrialized countries, developing
countries are rapidly approaching parity and, due to
their high rates of adoption, are soon expected to grow
the majority of GM crops [2]. By 2009, the major
biotech crops had achieved high levels of market penetration: 77% of soybean, 49% of cotton, 26% of maize,
and 21% of oilseed rape grown globally in 2009 were
GM varieties [3].
Despite expected high benefit-cost ratios from
biotechnology, only a few developing countries, such
as Brazil and Argentina, have had high uptake rates
(over 20 million hectares) [2] of GM crops, with uptake
typically concentrated in crops that are exported to
developed country markets. Few others (mainly
India and China) have started exploring their own
national research capability in biotechnology. In the
vast majority of developing countries, both investment
in biotechnology research and development and
the transfer to farmers of transgenic crops already
being marketed have been generally low. This in part
reflects a lack of transparent regulatory capacity
necessary in dealing with risks associated with biotechnology as well as in addressing the issues of property rights development and protection that are
essential to promoting innovative research. This is
particularly important because of the high cost of
undertaking the initial research and development in
biotechnology [4].

2287

C

2288

C

Commercialisation of GM Crops: Comparison of Regulatory Frameworks

As GM technologies are very recent and fast developing, most governments are trying to keep pace by
developing regulatory policies that reflect consumer
demands and preferences affecting GM agricultural
products. Almost all developed countries require products derived from GM sources to be assessed both for
their safety as foods and for their environmental
impacts. However, there are considerable differences
in the approaches taken by different countries. In the
United States, analysis and approval mechanisms for
GM foods have been subsumed into existing regulations governing the release of new foods, plants, and
pesticides, whereas in the European Union, regulation
of GM products requires considerable separate scrutiny
(see chapter “▶ Commercialisation of GM Crops:
Comparison of Regulatory Frameworks” by Devos
et al.). Countries worldwide are in different stages of
policy development, with the majority of the developing countries still in the infant stage [4]. In setting up
domestic legislation, developing countries seem to be
paying increasing attention to international trade
concerns [5].
India along with Argentina, South Africa, and
others constitute a group of developing countries that
aspire to develop domestic biotechnology through
national public R&D and/or by creating incentives for
the participation of multinationals as sources of technology. They each have relatively liberal regulations as
well as more explicit regulatory institutional arrangements [6]. Those developing countries with welldeveloped public agricultural research and extension
systems (such as India) are well placed to benefit
promptly from the new biotechnology by working in
partnership or in parallel with private biotechnology
and seed companies. Approving investments in those
activities by the private sector – and the overall investment climate – will allow the process of adaptation and
adoption to move forward. The experiences in India,
China, and South Africa all indicate that rapid and
widespread adoption is then possible, including by
small farmers [7].
The biosafety frameworks of the described countries were selected based, primarily, on considering the
following criteria: level of production and commercialization of GMOs, investments made and political
commitment with the research and development particularly in the field of GMOs, regional leadership in

the adoption of GMOs and in the elaboration and
implementation of biosafety legal frameworks, and the
existence of a functional biosafety framework in place.
Argentina
Argentina is a major producer of agricultural products
and the third largest producer of soybeans. Initially, the
harvested area of soybean was 36,000 ha (59,000 mt) in
1970, increasing to 5.98 million hectares in 1995/1996
(12.43 mmt). The country has historically been the
earliest and most aggressive adopter of GM crops in
Latin America, first planting glyphosate-tolerant soybeans in 1996, which sparked a further expansion of soy
production and which is now in excess of 14 million
hectares, of which at least 98% is GM [8]. This rate of
adoption is far higher, and much faster, than that in the
USA, which was the first country to introduce this
technology [9]. In addition, Argentina also grows significant quantities of GM corn (Bt and glufosinate
ammonium tolerant) and Bt cotton, comprising 40%
and 20% of overall production in 2009 for these two
crops, respectively [3, 10]. Available estimates place
accumulated benefits (extra income which would
have not been generated in the absence of the technology) until the year 2001/2002 at approximately US$5.2
billion in the case of soybeans, about US$400 million
for Bt maize, and approximately US$40 million for Bt
cotton [7]. Argentina is now third only to the United
States and Brazil in terms of the area planted with
transgenic crops (22.9 million hectares) [2] and is
thus a very important player in the international
arena. Notably, Argentina signed, but has yet to ratify,
the Cartagena Protocol on Biosafety (CPB, hereinafter
referred to as “the Protocol”) of the Convention of
Biological Diversity in May 2000. Argentina is currently
undergoing a consultation process, analyzing and
debating with all the involved sectors the position the
country will take in this respect [8].
Regulatory Oversight in Argentina
Argentina was one of the first countries to establish
a system of regulatory oversight for GMOs [11]. It
has instituted regulatory measures for the safe development and application of biotechnology in general
and GMOs in particular. It chose to develop the
policy on biosafety within the context of trade-related
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issues [12] and as such has policies, procedures, and
institutional arrangements to regulate the development, importation, and export of GMO products.
The Argentine biosafety system is based on guidelines,
not on legislation. Argentina’s legislative framework for
regulating GMOs is based on the existing agricultural
regulatory system (e.g., for plant protection chemicals)
supplemented with GM crop-specific regulations
established to specify conditions for environmental
release or to assess food safety. The non-statutory
guidelines include standards for facilities and practices
designed to prevent the unintended release of a GMO,
conditions of isolation, monitoring field trials, and
standards for risk assessment for conducting the
environmental release. This approach gives the system
flexibility and allows for changes needed to keep up
with scientific advances. One disadvantage, however, is
that compliance with guidelines is not legally enforceable; there is no way to prosecute offenders in the rare
cases of non-compliance that have occurred [13].
Similar to the USA and Canada (see below), Argentine biosafety regulation follows a product-based
approach which results in several agencies, all within
the Agriculture Directorate of the Secretariat of Agriculture, Livestock, Fisheries and Food (SAGPyA), mandated to regulate GM crops and products. The National
Advisory Commission on Agricultural Biotechnology
(CONABIA) is the lead agency in charge of regulating
GM crops and was established in 1991 by Resolution
124/91 (later expanded by Resolution 669/93) of the
SAGPyA to provide advice and oversee the implementation of biosafety regulations [14]. CONABIA’s jurisdiction and procedures were established in Resolutions
656/92, 837/93, and 289/97 (later replaced with 39/03)
[13]. Resolution 39/03 is part of the general regulatory
system governing the existing agricultural regulations
in Argentina related to plant protection (Decree-Law of
Agricultural Production Health Defense 6704/66 and
its amendments), seed and phytogenetic creations
(Seed and Phytogenetic Creations Law 20.247/73 and
its regulatory decree), and animal health (Law of
Veterinarian Products, and Supervision of Creation
and Commercialisation 13.636/49).
CONABIA is a multidisciplinary and interinstitutional organization with advisory duties and
comprises representatives from the public sector, academia, and private sector organizations related to
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agricultural biotechnology. Its main responsibility is
to assess the potential environmental impact of the
introduction of GMOs in Argentine agriculture [8].
The Commission handles applications for laboratory
and greenhouse testing, field trials, and governs the
“flexibility status” of release conditions (unconfined
release, usually large-scale, for regulatory purposes or
off-season seed multiplication) of GM plants [13].
Resolution 60/2007 provides a differentiated treatment
for the authorization of the breeding of parental
material which contains transgenic events already
approved for commercialization. Furthermore, it
advises SAGPyA on the issuance of necessary licenses
and authorizations for experimentation and/or environmental release of GM microorganisms, as well as
GMO-derived or GMO-containing products (although
the final decision is made by SAGPyA) [6]. In order to
obtain the appropriate marketing license, varieties
must also comply with requirements stipulated by the
National Service of Health and Agrofood Quality
(SENASA) [15]. SENASA’s jurisdiction concerning the
oversight of GMO-derived food was established in
Resolution 289/87, while Resolution 511/98 including
Annexes established the food-safety review criteria
[13]. The latter was based on FAO and WHO documents, as well as on relevant regulations from Australia,
Canada, the EU, Japan, and the US, but has since been
replaced by Resolution 412/2002.
A key part of the GMO regulatory process consists
of verifying that the commercial approval will not have
a negative impact on Argentina’s foreign trade. This
specific assessment is carried out under Resolution
39/03 by the National Bureau of Agrifood Markets
(NBMA), and it includes an analysis of the current
status of regulatory systems and public acceptance in
the importing countries. The National Seed Institute
(ex-INASE) is responsible for ensuring that all the
necessary requirements for registration in the National
Registry of Cultivars have been established. Ex-INASE
plays a further role in the biosafety system by receiving
and logging applications for GMO field trials. Applications containing confidential business information are
kept secure at INASE’s offices. Agency personnel perform field test site inspections, checking for compliance
with the biosafety requirements set by CONABIA [13].
During 2001, the SAGPyA actively cooperated
with members of the Argentine Congress in drafting

2289

C

2290

C

Commercialisation of GM Crops: Comparison of Regulatory Frameworks

a biosafety law. This draft represented a major
improvement on the current situation, since it clearly
set forth a conceptual framework, as well as issues and
instances to be considered as participants in risk
analysis procedures. But due to the institutional and
economic crisis that broke out on December 2001, the
draft was never discussed in Congress, and there is no
evidence that it will be discussed in the near future [8].
Commercialization of GM Crops: Argentine
Approval Process
When an organization intends to obtain an authorization for commercialization of a GM crop in Argentina,
it has to pass reviews by the three regulatory agencies.
Briefly, CONABIA should determine that the environmental impact of the large-scale release of the GM crop
will not significantly differ from that of its nonmodified counterpart; SENASA’s Technical Advisory
Committee on the Use of GMOs should determine
that the derived foods are safe for human and animal
consumption, and the DNMA should determine that
the release will not have an undesired impact on the
country’s international trade [16].
The prerequisite for entering the commercial evaluation process is that authorizations for experimentation and/or release into the environment of the specific
GM crop have been previously granted [16]. After at
least one release into the environment has been
approved and the safety of the GM crop has been
demonstrated, the applicant can apply for a
“flexibilization” permit which allows future releases
by simply providing notification of the location, area,
sowing date, and intended harvest date [11]. Flexibility
status conditions are granted for the following
purposes [13]:
● For providing testing material
● For export
● For off-season seed multiplication (not for use in

Argentina)
● For tests, which need to be presented at later stage

(e.g., variety registration)
pre-commercial seed multiplication
a pending variety registration

● For

conducted by CONABIA with regard to the criteria laid
down in Resolution 131/98. These include the characterization of the GMO (recipient organism, genetic
modification, insert, donor organisms, phenotypic
characterization, potential environmental interactions
of GMO) and the impacts expected from the production of the GM crop at commercial scale (environmental effects and impact on human health) [16]. If
SAGPyA, on the recommendation of CONABIA,
authorizes “flexibility status” release conditions for
the GM crop in question, the applicant only needs to
submit information on the area to be sown, the date of
sowing, the site of release and the harvest date [16]. The
flexibility status of a GM crop allows large-scale planting, but not planting for commercial purpose.
The second step to commercialization is the evaluation of the safety of the GM crop for human consumption and feed. This evaluation is carried out by
SENASA under Resolution 412/2002 [17]. In the third
step of the commercialization process, the NBMA
assesses the impact of the GM crop in question on
export market security. It does this by analyzing the
status (if any) of the specific event in the destination
markets and, as a result, whether the addition of this
event to Argentina’s export supply might represent
a potential barrier to the access to these markets.
After completion of all of the steps mentioned
above, CONABIA’s Office of Technical Coordination
compiles all pertinent information and prepares
a “Project of Resolution” on the basis of its own,
SENASA’s, and DNMA’s assessments and submits it to
the SAGPyA, which takes the final decision on approval
or denial of the commercialization request [13]. Should
the GM crop be authorized for open cultivation, it
must also be registered in the National Registry of
Cultivars, a process overseen by ex-INASE. For those
GM crops expressing either herbicide tolerance or
insect resistance, they require a pesticide approval
from SENASA prior to their commercial use [13].
Canada
Regulatory Oversight in Canada

for

The deregulation of field testing conditions is
dependent on the results of the biosafety assessment

In line with a similar approach adopted in the United
States (see below), the regulatory framework
established in Canada is based on the extension of the
existing regulations to GMOs [18]. However, in
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contrast to all other countries, Canada relies on the
concept of novelty to trigger regulatory oversight,
thereby enabling the regulation of a wider array of
novel seeds or food [19], and includes those produced
by conventional breeding, mutagenesis, or rDNA techniques. Directive 94–08, first published in 1994, defines
these as “plants containing traits not present in plants
of the same species already existing as a stable population” [20].
The Canadian Environmental Protection Act
(CEPA) of 1988 formally recognizes biotechnology as
a manufacturing process for products potentially posing environmental risks, and therefore, the act requires
environmental assessments. CEPA, however, embraces
a product-based approach to biotechnology, an
approach explicitly defined in the 1993 Regulatory
Framework for Biotechnology [21]. In accordance
with this framework, policy-makers proceeded to the
amendment of a series of regulations (below) contiguous to the laws governing the products of biotechnology. These amendments were mostly aimed at
inscribing a trigger (the novelty of the trait) launching
the risk evaluation process for the products of
biotechnology.
The Canadian approach is based on an agreement
between the Canadian Federal agencies in 1993 that was
renewed in 1998. The responsibility for regulating
plants with novel traits (PNTs), including GM plants,
is shared between the Canadian Food Inspection
Agency (CFIA) and Health Canada [18]. The CFIA
operates under the authority of the Seed Act, the
Plant Protection Act, the Feeds Act, the Fertilizer Act,
and the Health of Animals Act. It also shares some
responsibilities with Environment Canada under the
Canadian Environmental Protection Act, and with
Health Canada under the Pest Control Products Act,
and the Food and Drugs Act. The Canadian Environmental Protection Act is an umbrella legislation
intended to serve as a regulatory “safety net” for any
biotechnological products not currently regulated by
another federal act. The Department of Fisheries
and Oceans regulates aquatic organisms under the
Fisheries Act.
In 1997, the CFIA took over the risk management of
novel seeds and feeds from Agriculture and Agri-food
Canada. The agency regulates novel plants following
assessment criteria provided by Directive 94–08. In
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particular, the CFIA is responsible for the regulations
and guidelines dealing with cultivating PNTs, assessing
their impact on the environment and biodiversity.
Canadian authorities state that “all plants derived
through genetic engineering have been considered
novel, and as such have undergone a full, comprehensive, and rigorous safety assessment prior to release
into the environment” [22]. In addition, the agency is
also in charge of ensuring livestock feed safety, along
with the responsibility for the regulation of seeds,
veterinary biologics, and fertilizers. Furthermore, the
CFIA develops standards related to the packaging,
labeling, and advertising of foods and handles all
inspection and enforcement duties [23].
Many GM crops are destined, in whole or in specific
parts, for the human food supply system. For this
reason, they must not only obtain CFIA approval but
must also be assessed by Health Canada. It is within the
jurisdiction of Health Canada to regulate GM foods
according to the Food and Drugs Act under Division 28
of Part B of Food and Drug Regulations (Novel Food).
As with seeds, the trigger for pre-market safety assessments is novelty, and as such, Health Canada treats as
novel food all those derived from GMOs “whether it
is a micro-organism, a plant or an animal, such that
it exhibits characteristics that were not previously
observed, no longer fall within the anticipated range
or no longer exhibits characteristics that were
previously observed, for that plant, animal or microorganism” [23].
Environment Canada is only responsible for the
environmental assessment of GMOs used in industrial
processes. Although the Canadian Environmental Act
requires environmental risk assessments for GMOs, the
responsibility for conducting assessments relevant to
novel plants, feeds, and food rests with the CFIA,
PMRA, and Health Canada. Notably, CFIA, as the
agency most involved in the environmental risk assessment of GMOs, is the responsibility of the agriculture
minister whose mandate is to promote agricultural
development.
Commercialization of GM Crops: Canadian
Approval Process
Before crops with novel traits may be authorized for
unconfined release, they must be fully assessed for
environmental safety by the CFIA. In meeting the
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extensive information requirements for these applications to the CFIA, applicants will have conducted
experiments at the earlier confined release stage.
These experiments are expected to contribute scientifically robust data to address the key criteria of environmental safety assessments. The applicant is required to
provide the Plant Biosafety Office (PBO) at the CFIA
with extensive high-quality, statistically sound data
and/or valid scientific rationale to demonstrate the
environmental safety of the PNT. This information
initiates a review and decision for authorization of the
release. CFIA officials also use pertinent information
generated from the Agency’s own research, either
conducted in-house or contracted out, on specific key
environmental areas [18].
The unconfined release assessment by the PBO
focuses on real or potential interactions of the PNTs
with the wider agricultural and ecological environment, using “substantial equivalence” as the basis for
these assessments. Evaluations consider the unique
combination of species and traits, using standard
descriptions of each species known as biology documents as a baseline for comparison. If the PBO concludes that there is minimal potential for significant
negative environmental impact of the PNT relative to
its unmodified counterpart, an unconfined environmental release may be authorized. In some cases, the
PBO may authorize an unconfined release with conditions, such as a requirement that the applicant ensures
that users of an insect-resistant PNT deploy methods
to delay development of resistance among insect
populations. Note that for species that may be used
for food or feed, developers of PNTs must also seek
approvals from Health Canada for human food use and
from the CFIA Feed Section for livestock feed use [19].
The starting point for the safety assessment of novel
foods is also based on “substantial equivalence,” where
the novel food is evaluated relative to conventional
counterparts that have a history of safe use [23]. Health
Canada has 45 days to decide whether the product is
safe or to request additional information to pursue the
risk analysis, even to the extent of involving experiments [23].
All imported PNTs (or products derived from
them) require a prior import permit, being subject to
the CFIA regulatory review under the Plant Protection
Act and Regulations. Pest risk assessments (PRAs) are

conducted by the Plant Health Division in order to
evaluate the potential capability of PNTs to pose
a pest risk to the agricultural and forestry environment.
Those commodities determined not to pose a plant
pest risk are now no longer required to have an import
permit. Additional exempted commodities include:
PNTs with prior approval; PNTs (or products derived
from them) that are incapable of sexual or asexual
propagation, i.e., have been processed in some way to
render them non-viable, such as by grinding or freezing; and plants further developed from exempted
PNTs, or considered substantially equivalent to them
provided that the intended use is similar, and that the
plants do not display any additional novel traits, do not
contain novel genetic elements, and have not been
subject to inter-specific breeding [24].
China
China has become one of the Asian leaders in biotechnology and has dedicated substantial economic, scientific, and technological resources to R&D. Since the
1980s, ministries and relevant government agencies in
China have been investing significantly in agrobiotechnology research and have established more
than 150 laboratories, resulting in the largest plant
biotechnology capacity outside of North America
[25]. The government has allocated research budgets
to biosafety and management, and nearly all biotechnology research programs have expanded their scope
into biosafety issues [5]. The commitment to sustain
biosafety after project closure is demonstrated by its
growing budget to support agricultural research in
biosafety over the last few years. From an initial budget
of slightly over US$ 80,000 in 1999, China now spends
about US$ 3 million annually on agricultural biosafetyrelated activities [10].
A wide variety of crops and traits has passed
through China’s biosafety system and are now planted
commercially, while many others remain at the field
trial stage, including many varieties with adaptationrelated traits developed by Chinese institutes and companies [26]. In contrast to the other countries described
in this chapter, most of these crops have been developed predominantly by public sector laboratories in
China. The biosafety regulatory system in China has
also reviewed a large number of applications since it
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was formally set up in the late 1990s. The government
received 1,044 applications for field trials or commercial release, and 777 of these were approved [27, 28].
These applications predominantly covered 60 crops, as
well as several animals and a large number of microorganisms [28]. Varieties of cotton, tomatoes, phytase
maize, insect-resistant rice, and sweet and chili peppers
have all been approved for commercial planting [3].
Regulatory Oversight in China
China has adopted a policy that promotes research and
development of biotechnology, while at the same time,
retaining control over research in genetic engineering.
In the early 1990s, China had already implemented
a very pragmatic approach to GM crop regulation.
Regulations were basically product-based with special
attention given to the economic interest of a given
application. By 1993, China had already established
its first biosafety regulation, namely the “Safety
Administration Regulation on Genetic Engineering”
issued by the Ministry of Science and Technology
(MOST). This instrument required relevant ministries
to draft and issue corresponding biosafety regulations
on biological engineering (i.e., the Ministry of Agriculture (MOA) for agriculture and the Ministry of
Public Health for food safety) and established general
principles, safety categories, risk assessment and risk
management procedures, application and approval
mechanisms, and legal responsibilities [29]. It was
followed in 1996 with the “Safety Administration
Implementation Regulation on Agricultural Biological
Genetic Engineering” by the MOA [12]. This was an
explicit regulatory regime for the risk assessment and
management of agricultural products of genetic engineering. Labeling was not part of this regulation, nor
was any restriction imposed on imports or exports of
GM products. The regulation did control GMOs for
research and commercial production, as well as
establishing the National Agricultural GMO Biosafety
Committee (Biosafety Committee) to provide the
MOA with expert advice on biosafety regulations.
Criticism of GM crops on environmental, foodsafety, and ethical grounds, however, led to some
significant changes in the Chinese legal framework on
agro-biotechnology [5]. In 2001, the State Council
decreed a new and general rule on biosafety, with the

C

aim of protecting human, animal, and plant health and
the environment. This new “Regulations on Safety of
Agricultural Genetically Modified Organisms” replaced
the 1993 Regulation issued by MOST. The 2001 regulations provide the MOA with overall national authority to oversee the use of GM crops, whereas the 31
provincial biosafety management offices are responsible for the supervision and administration of biosafety
in their respective areas [30]. The 2001 regulations
meet the generally accepted risk assessment procedures
outlined in the relevant international instruments
and also stipulate a comparative risk assessment
approach, in which a GM crop is compared with the
corresponding non-transgenic crop for environmental/
ecological safety and food safety.
To implement this Regulation, the MOA issued
three implementation regulations including Implementation Regulations on Safety Assessment of Agricultural Genetically Modified Organisms, which
provided the legal basis and technical guidelines in
GM crops risk assessment in China [31]. These new
regulations primarily concerned Biosafety Evaluation,
Import Safety, and Labeling and included several
important changes to existing procedures and details
of regulatory responsibilities after commercialization.
The changes included an extra pre-production trial
stage prior to commercial approval, new processing
regulations for GM products, labeling requirements
for marketing, new export and import regulations for
GMOs and GMO products, and local and provinciallevel GMO monitoring guidelines [29]. Specifically, the
Regulation on Biosafety Evaluation establishes procedures for handling applications for GM cultivation and
sets up an advisory body, the National Biosafety Committee (NBC), and a decision-making body, the Office
of Agricultural Genetic Engineering Biosafety Administration (OGEBA), under the MOA to handle applications. Applicants must provide information on risk
assessment, and GMOs are classified into four classes
depending on their potential danger to human and
animal health and to the environment. The Regulation
establishes the requirements that should be met to
obtain authorization to import GMOs and will vary
according to the intended purposes of the imports,
i.e., research, release into the environment, or processing.
In response to representations from GM-producing
countries, China agreed to allow trade to continue as
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normal until the new Regulation on Safety of Imports
entered into force on 20 April 2004 [32, 34]. The
Ministry of Public Health (MPH) is responsible for
food-safety management of biotechnology products
(processed products based on GMOs) and promulgated its first regulation on GMO food safety in April
2002, to take effect after July 2002.
China’s policy on GM regulation is now under the
responsibility of an agency which was established by the
State Council, the name of which has been variously
reported as either the Joint Monitoring and Management Commission [12] or the Allied Ministerial
Meeting [29]. It has a multi-stakeholder membership
comprising the highest representatives from ministries
like Agriculture, Health, Commerce, Science and Technology, the National Development and Reform Commission, the National Inspection and Quarantine
Agency, and the State Environmental Protection
Administration. It is responsible for the coordination
of key issues related to the biosafety of agricultural
GMOs, the examination and approval of the applications for GMO commercialization, determining the list
of GMOs for labeling, and establishing import or
export policies for agricultural GMOs and their products. In addition, under the new regulation, foreign
investment in biotechnology has been prohibited [5].
The NBC remains the major player in the process of
biosafety management. Currently, the NBC is composed of 56 members who come from different administrative departments, academic institutions, etc.
They are experts in biological research, production,
processing, inspection and quarantine, public health,
and environmental protection with respect to agricultural GMOs [31]. The committee meets twice each year
to evaluate all biosafety assessment applications related
to experimental research, field trials, environmental
release, pre-production trials, and commercialization
of agricultural GMOs. It makes recommendations to
the OGEBA based on the results of its biosafety assessments. OGEBA is responsible for the final approval of
decisions, as well as handling routine work and daily
operations [29]. In 2005, all 31 provinces in China
established biosafety management offices. These biosafety management offices collect local statistics on and
monitor the performance of research and commercialization of agricultural biotechnology in their provinces
and assess and approve (or disapprove) all applications

of GM-related research, field trials, and commercialization in their provinces. Only those cases that are
approved by provincial biosafety management offices
are submitted to the NBC for further assessment [29].
In May 2007, the National Development and
Reform Commission in China announced that it had
approved the establishment of a National Biosafety
Research Centre. To be completed by 2009, the Centre
will manage agricultural and biological-related issues.
It is to house several research departments, including
laboratories for high-risk plant pathogens, insects, and
plants, as well as units for agriculture-related information analysis and quarantine facilities. The Centre will
be supervised by the Plant Protection Institute of the
Chinese Academy of Agricultural Sciences.
In 2009, a major development in China was the
commercialization of transgenic Bt rice, which reached
pre-production trials but was still pending final commercialization approval for several years. Influenced in
part by opposition to the technology in Europe and to
some extent Japan, the final approval of many crops
stalled at the level of China’s inter-ministerial committee even as research and field trials continued apace.
The discovery by Greenpeace that some transgenic seed
was planted by farmers without authorization caused
international debates about China’s biosafety system
and may have contributed to regulatory approval
delays [33].
Commercialization of GM Crops: Chinese Approval
System
If the product is for cultivation, applications must be
authorized before the first import of a specific GMO
can take place and must be accompanied by a safety
assessment carried out in the country of origin of the
GM material [5]. For permanent approval of each
imported GM product, compulsory field trials are carried out in China in order to re-assess safety within the
Chinese context [35]. Generally, the practice in China is
to use a comparative risk assessment approach, in
which the transgenic crop is compared with the
corresponding non-transgenic crop in ecological risk
assessment and hazard identification in transgenic
foods [36, 37]. Although there are no official guidelines
in China for risk assessment on food derived from
transgenic crops, the assessments carried out so far on
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nutrition, toxicity, and allergenicity generally followed
the relevant Codex principles and guidelines [31].
In China, agricultural GMOs also need to satisfy the
procedures governing the release of new seed varieties.
These procedures are governed by the Seed Law in
China. Only agricultural GMOs that have previously
obtained a biosafety certificate are eligible to be classified as a new seed variety in accordance with the Seed
Law and relevant regulations. After the GMO has
passed seed variety testing and received the permission
for production, it is eligible to enter into the chain of
production and marketing [31].
India
In India, a wide variety of crops have been field trialed,
but most have not yet been commercialized. The first
approval for the commercial production of any GM
crop in India occurred in March 2002 when the Indian
competent authority approved three varieties of
Bacillus thuringiensis (Bt) cotton (MECH 12, MECH
162, and MECH 184 expressing the cry1Ac gene for
insect resistance) amid widespread protests by antiGM activists. This was followed by a significant
increase in the availability of Bt cotton (currently 809
hybrid varieties) [38] better suited to Indian cultivation. By 2003, more than 34 genes were being tested in
a wide variety of crops, including cotton, rice, mustard,
maize, potatoes, eggplant, tomatoes, pigeon pea, and
cabbage [29]. Most of the varieties initially introduced
included insect-resistant cotton varieties as well as
some crops modified with herbicide tolerance. Several
Bt crop varieties have passed through the field trial
stage and have received approval for commercial
planting. The primary technology used in India originated in the Monsanto Company, which partnered
with Maharashtra Hybrids Company (MAHYCO) to
develop transgenic hybrid Bt cotton for sale in India.
Once some Bt varieties had been approved for commercial planting, it was discovered that 800,000 ha of
unapproved BT cotton had been planted, weakening
confidence in the biosafety system [29]. The latest
GM crop awaiting regulatory approval for commercial
release is Bt brinjal (known also as aubergine or
eggplant), which received positive assessments by the
regulatory bodies based on years of field trials [3] but
was refused authorization by the Environment Minister at the last stage of the commercialization process.
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Regulatory Oversight in India
With the signing of the CPB in 2001, India became
committed to introducing structures and procedures
commensurate with the conditions laid down in the
CPB agreement – one of the main guiding principles
for India when dealing with products derived from
agricultural biotechnology. This commitment provided India with the incentive to strengthen its biosafety capacity and have relevant institutional
mechanisms at hand to enable the proficient dealing
of GMOs. As the CPB places due importance to
national legislations, provided it is developed in accordance with the former, the existing domestic policy on
GMOs was required to be fine-tuned and amended
wherever necessary. The goal of the Indian regulatory
system is therefore to ensure that their GM crops pose
no major risk to food safety, environmental safety, or
agricultural production and that there are no adverse
economic impacts on farmers [29]. As such, the
Government of India has adopted a policy of careful
assessment of the benefits and risks of GMOs at various
stages of their development and field release to ensure
biosafety [39].
The existing regulatory framework takes the form
of rules and guidelines and is based upon three specific
provisions of the Environment Protection Act of 1986
(EPA). These are sections 6, 8, and 25. While Section 6
of the Act empowers the Central Government to make
rules on procedures, safeguards, prohibition, and
restrictions for handling of hazardous substances,
Section 8 of the Act prohibits a person from handling
hazardous substances, except in accordance with
procedures and after complying with safeguards.
Section 25 of the EPA empowers the Central Government to lay down rules regarding procedures and safeguards for handling hazardous substances. Thus, the
biosafety rules in India are statutory in nature as they
originate from the EPA. These provisions of the EPA led
to the adoption of the 1989 Rules for the Manufacture,
Use, Import, Export and Storage of Hazardous Micro
organisms Genetically Engineered Organisms or Cells
(“1989 Rules”) [39, 40].
In 1994, the Department of Biotechnology revised
its earlier guidelines of 1990, entitled “Revised Guidelines for Safety in Biotechnology.” These revised guidelines aimed at regulating large-scale production and the
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deliberate release of GMOs, plants, animals, and products into the environment and shipment and importation of GMOs for laboratory research [6]. By 2002,
an array of legislation likely to impact biosafety
regulations had come into existence. This included
the National Biodiversity Act 2002 (NBA) and the
Protection of Plant Varieties and Farmers’ Rights Act
2001 (PPVFR), the latter of which derived from
a broad-based consultation with a view to incorporate
a form of farmers’ rights into the national plant variety
rights legislation. The biosafety rules have since been
supplemented by the Biotechnology Safety Guidelines
issued by the Department of Biotechnology (DBT).
These guidelines have been issued in pursuance of
Rule 4[2] of the Biosafety Rules, which require manuals
of guidelines to be brought out by the Review
Committee on Genetic Manipulation [40].
Therefore, the Indian biosafety regulatory framework, comprising the 1989 Rules and the 1990, 1994,
and 1998 DBT guidelines, covers the entire spectrum of
activities relating to GMOs. This includes “research
involving GMOs, as well as genetic transformations of
green plants, recombinant DNA (rDNA) technology in
vaccine development, and large-scale production and
deliberate/accidental release into the environment of
organisms, plants, animals and products derived from
rDNA technology.” Production facilities such as distilleries and tanneries that use GMOs are also covered. In
India, the risk assessment and regulatory approval for
releases of GMOs and GM products are mandatory.
The concept of “biosafety” used in the regulations is
a broad one, covering the health safety of humans and
livestock, environmental safety (ecology and biodiversity), and economic impact. The first two safety aspects
dominate the regulations, while economic impact is
given less prominence.
Two nodal agencies, the Ministry of Environment
and Forests (MoEF) and the DBT at the Ministry of
Science and Technology, are responsible for the implementation of the regulations [39]. The life cycle of
a GM product features four domains, pre-research,
research, release, and post-release, and is characterized
by the presence of six competent authorities [41, 42].
The Recombinant DNA Advisory Committee (RDAC)
is in the pre-research domain as it triggers research
through its initial approval mechanisms. The Review
Committee on Genetic Manipulation (RCGM) resides

in the DBT and functions in the research domain,
closely monitoring the process of research and experimental releases. It requests food biosafety, environmental impact, and agronomic data from applicants who
wish to do research or conduct field trials and will give
permits to import GM material for research. Pursuant
to Rule 4 [2] of the 1989 “Rules,” the RCGM is also
required to produce manuals of guidelines. The RCGM
is primarily made up of scientists (including agricultural scientists) and can request people with specialized
knowledge to review cases. It has a Monitoring cum
Evaluation Committee (MEC) that monitors limited
and large-scale field trials of GM crops and is primarily
made up of agricultural scientists. Commercial production of GM crops, large-scale field trials of GM
crops, and the imports of GM commercial products
and GM-derived products (e.g., foodstuffs, ingredients
in foodstuffs, and additives including processing aids
containing or consisting of GMOs) come under the
authority of the Genetic Engineering Approval Committee (GEAC) at the MoEF. The committee members
are primarily bureaucrats representing different ministries, and they draw on the scientific expertise of each
ministry. Additional to these national committees are
the State Biotechnology Coordination Committee
(SBCC) and the District Level Biotechnology Committee (DLC), who, along with the MEC, basically occupy
the post-release domain, although they also contribute
to the research domain activities through data provisioning to the RCGM. Completing the regulatory
apparatus are the Institutional Biosafety Committees
(IBSC) which undertake the monitoring and implementation of safeguards at the R&D sites, under the
close supervision of the RCGM, the SBCC, and the
DLC. IBSCs must be established in any public or
private institute using rDNA in their research and
comprise scientists from their respective institutes
and a member from the DBT. There are more than
230 IBCs in India, of which 70 deal with agricultural
biotechnology. They can approve contained research at
institutes unless the research uses a particularly hazardous gene or technique which will require specific
approval from the RCGM [29]. In general, these
authorities are vested with non-overlapping responsibilities [39, 43].
Under the Constitution of India, it is not the central
Government of India but the state governments that
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exercise formal authority over agriculture. Thus, while
the national government may take the initiative in the
policy arena and formulate policies concerning agricultural biotechnology and GM crops (in R&D as well as
commercialization), as well as being where the decision-making process resides, the agreement and active
cooperation of state governments are indispensable for
their implementation [44].
The multitude of rules and regulations underline
the complexities involved in biosafety as it cuts across
ministries and agencies and does not merely govern
environmental issues. Most of these regulations deal
with GMOs in seclusion without referring to a
common agency or secretariat to deal with the risks
that are associated with the organism [46], resulting in
the biosafety regulations being subjected to criticism
both by industry and civil society groups. While industry associations consider these regulations as affecting
their growth, civil society groups consider biosafety
regulations as not being strong enough to check the
introduction of potentially harmful biotechnology
products. Since 2004, there have been serious discussions in India on re-engineering the structure of
biosafety regulations. The primary objective of the
exercise is to cut down red tape and ensure greater
transparency in decision-making. Calls have come for
the replacement of the present regulatory system (with
its dispersed, unclear, and confusing mandates; responsibilities; and powers) by a new, single, integrated, and
professionally led authority, the National Biotechnology Regulatory Authority (NBRA), with a comprehensive mandate and a wide range of responsibilities, with
the power to implement the regulatory regime with
speed and efficiency [40, 44] and to help the assessment
of risks and benefits associated with GM crops in
a credible and transparent manner [47]. In May 2007,
it was announced that the NBRA will be fully functional
in 2 years time and will be administered by the DBT to
expedite the application of biotechnology in the agriculture, veterinary, and medicine sectors [48].
The current amendments or changes that have
favored the industry relate to changes in the 1998
revised guidelines for research in transgenic plants,
whereupon a relaxation was permitted regarding the
concept of deliberate release. This amendment, by
conferring powers to the RCGM to permit limited
conduct of field trials in multi-locations, was at
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variance with the 1989 Rules that prohibited deliberate
or unintentional release for experimental purposes,
except where the GEAC approved it as a special case.
The distinction between small-scale and large-scale
releases brought about by the changed guidelines was
unusual and was designed to ensure the control of the
DBT and the RCGM over initial field testing of transgenic crops. An amendment was made by the DBT in
September 1999 conferring rights to the RCGM to
approve small experimental field trials for research,
limited to a total area of 20 acres in multi-locations
with any one location not exceeding 1 acre. Through
this amendment, the DBT removed small experimental
trials for research from the deliberate release clause of
the 1989 Rules [40].
The changes that have been made to accommodate
civil society concerns are basically twofold. The first
relates to the formation of the MEC by the DBT in 1998
in order to closely and objectively monitor private
sector biosafety data and through the mandatory
involvement of state-level agricultural university scientists. The second change, which was induced by the Bt
cotton controversy in India, has been the introduction
of allergenicity tests of transgenic seeds, leaves, and
vegetables on rodents, rabbits, guinea pigs, and goats
in the 1998 version of the Biotechnology Safety Guidelines [42]. This precautionary step is viewed by the
industry as having contributed to the delay in the
regulatory approval for Bt cotton [40]. Additional regulations have recently been added to the PPVFR Act of
2001, requiring applicants to provide relevant GEAC
clearances and approvals for registering transgenic
varieties, as well as an affidavit stating that the “Terminator” Technology or the Genetic Use Restriction
Technology is not involved [52]. Notably, the decision-making circle does not include the participation
of industry, civil society, or consumer groups. While
the 1989 Rules explicitly say that the RCGM, the GEAC,
the SBCCs, and the DLCs may co-opt other members/
experts as necessary, they neither include nor exclude
representatives of NGOs and the private sector. In
practice, however, these non-governmental stakeholders have been excluded [44]. However, following
the “Terminator” controversy, the National Bureau of
Plant Genetic Resources is now mandated by the government of India to develop probes to detect the presence of terminator genes in imported material,
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highlighting how the force of public opinion can still
shape biosafety rules in India.
To keep up with the rapid pace of developments in
plant biotechnology, especially GMOs, the Indian regulatory system revised its existing guidelines in 2008.
These were to provide greater clarity on data requirements and include: Standard Operating Procedures
(SOPs) for Confined Field Trials of Regulated, Genetically Engineered (GE) Plants [49], Guidelines for the
Safety Assessment of Foods Derived from Genetically
Engineered Plants [50], and Protocols for Food and
Feed Safety Assessment of GE crops [51]. Guidelines
for Institutional Biosafety Committees (IBSCs) are also
currently under review.
While the overall regulatory system remains
unchanged, a notable difference is the classification of
all GM field trials into two categories, based on size.
The RCGM, operating in the DBT, is now the regulatory authority for Biosafety Research Level I (BRLI)
trials. BRLI trials are limited in size to no more than
1 acre (0.4 ha) per location and a maximum cumulative
total of 20 acres (8.1 ha) for all locations for each plant
species/construct combination (e.g., one or more
events originating from the transformation of a plant
species with the same genetic construct), per applicant,
per crop season. The GEAC, operating in the MoEF, is
now the regulatory authority for Biosafety Research
Level II (BRLII) trials. BRLII trials are limited in size
to no more than 2.5 acres (1 ha) per location, and the
number of locations is decided on a case-by-case basis
for each plant species/construct combination, per
applicant, per crop season.
Members of the MEC, SBCCs, and DLCs and monitoring teams of SAUs have the authority to inspect and
monitor confined field trials at the time of planting,
during the growing and harvesting season, and during
the period of post-harvest land-use restriction for compliance with the terms and conditions of authorization.
Commercialization of GM Crops: Indian Approval
Process
The approval process in India begins with the submission of an application regarding a new LMO event with
potential benefits over the conventional variety/hybrid
in terms of economic benefit to the farmer and/or the
environment. The developer is required to follow a set

procedure that involves providing all the necessary
information specified by the regulatory body. Such an
application is reviewed by the RCGM which, in the first
instance, may recommend various limited contained or
open field trials to be undertaken in order to generate
specific biosafety data which may be lacking in the
original submission. Once the full dossier of information from experiments undertaken under confined
conditions is submitted, the RCGM will then ascertain
as to whether the LMO presents any immediate adverse
effects, either to humans, animals, and the environment (including the likely impact of large-scale cultivation on biodiversity). If considered as presenting
minimal risk, the RCGM may permit large-scale open
field trials to be conducted to generate data concerned
with the agronomic performance of the LMO. Once
more, possible adverse impacts on the environment,
including on non-target organisms, are evaluated. The
unconfined, open field trials are conducted either by
the applicant or by the ICAR, involving their institutes/
State Agriculture Universities, and are monitored by
the MEC. The MEC reports their observations directly
to the RCGM and the GEAC. Based on the biosafety
data and the field performance, the RCGM may recommend the case to the GEAC for further evaluation.
The GEAC will consider all the data provided and may
ask the company to furnish additional data or repeat
the trials in multi-locations during the next season.
Based on the overall recorded benefits, the GEAC can
approve the commercialization of the GM crop for
a limited period and in a specified geographical zone.
Data collected during this period will form the basis of
the review undertaken by the GEAC for any extension
or expansion to the set conditions of commercialization. Any adverse impact on human, animals, and
environment derived from such large-scale cultivation
is required to be immediately notified by any individual
or organization directly to the GEAC.
All commercial authorizations are for a limited
period, requiring renewal after the expiry period. Furthermore, approval is conditional upon the observing
and collecting of relevant information on the risks, if
any, arising from the commercial use of the GMOs and
products thereof [42]. A key addition in the 1998
guidelines is the requirement to generate data on comparative economic benefits of a modified plant. Thus,
the 1998 guidelines call for a demonstration that
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a transgenic crop is both “environmentally safe and
economically viable.” An agronomic evaluation of the
transgenic crop to determine economic advantage to
farmers is seen as an integral component of the transgenic crop approval process, along with the biosafety
evaluation [42]. Thus, when the government granted
permission for large-scale field testing of transgenic
cotton in India in July 2000 (the first crop to receive
such approval), mandatory data to be generated by the
applicant included “cost of transgenic seed, projected
demand, and the area to be covered under transgenic
cotton cultivation” [45].
The Philippines
The Philippines’ National Agenda for Sustainable
Development for the twenty-first Century (PA 21)
provides the policy framework of the country’s strategy
for sustainable development. In 2001, the Presidential
Policy Statement on Modern Biotechnology [53]
reiterated the government policy of promoting the
safe and responsible use of modern biotechnology
and its products as one of several means to achieve
and sustain food security, equitable access to health
services, sustainable and safe environment, and industry development. The Philippine government formally
funds biotechnology as part of the annual budget for
agricultural R&D through legislation [54]. In December 2002, the Philippines became the first country in
Asia to commercialize a GM crop for use as food, feed,
or for processing [55] when the Department of
Agriculture (DA) approved the Bt corn MON810 for
import and propagation [56]. By summer 2005, the
Philippines had approved 19 different LMOs for direct
use as food, feed, or propagation [57], while in 2010,
this had increased to 53 (when stacked events are also
included).
Regulatory Oversight in the Philippines
The Filipino biotechnology regulatory system was
established as a result of the recommendations from
the scientists asking the national government to formulate a national policy on biosafety and create
a technical body to draft guidelines to ensure that
experiments using GMOs do not pose unacceptable
risks to human health and the environment [12]. The
Philippines has a body of policies aimed at regulating
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the development, importation, transfer, and use of
GMOs. The first guidelines for biosafety were promulgated in October 1990 as Executive Order (EO) 430,
which established the National Committee on Biosafety of the Philippines (NCBP). The NCBP was
established to “oversee the compliance with policies
and guidelines in all institutions, public or private, as
well as to coordinate with the appropriate national
bodies that have regulatory powers over any violations”
[58]. At present, the NCBP is concerned with contained
use (confined laboratory and greenhouse experiments
on the regulated article), and its primary function is to
identify and evaluate potential hazards involved in
initiating genetic modification experiments and recommend measures to minimize risks [59]. Additional
guidelines were developed and published by the NCBP
and the Department of Science and Technology in
1991, 1998, and 2002 before being incorporated into
the National Biosafety Framework, which was finalized
in 2004 and issued as EO 514 in April 2006 [5, 12]. The
rules and regulations for the import and release into the
environment of plants and plant products derived from
the use of modern biotechnology are set out in Administrative Order no. 8, Series of 2002 of the Philippine
Department of Agriculture (AO 8) [35, 55]. The following year, the DA issued Memorandum Circular
No. 8, which outlined the import requirements for
biotech products. This was quickly followed by the
issuance of Memorandum Circulars 11 and 12 in
August 2003, which further clarified the import rules
for biotech products for direct use as seed, food, feed,
or for further processing [57]. Importers of GM
plants for contained use, field testing, and propagation
(or commercial planting), as well as GMOs for direct
use as food, feed, and processing, are required to
obtain an approval permit [15, 55] which stipulates
that the performance of the GM crop and its effect on
the environment as well as human and animal health
have been positively assessed [11].
The decision-making process is vested in multiple
national competent authorities (NCAs) after consultation with other agencies and/or with a multistakeholder advisory body. The Department of Agriculture (DA) is the competent national authority
responsible for biosafety decisions concerning plants
and plant products derived from modern biotechnology, fisheries and other aquatic resources, domesticated
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animals and biological products used for animal husbandry or veterinary purposes, and biological agents
used for biocontrol. It is the government institution
with mandatory responsibility for GM crop field
releases and commercialization. Likewise, the Department of Science and Technology is responsible for
research and development, the Department of Health
for pharmaceuticals which are not addressed by other
relevant international agreements or organizations,
and the Department of Environment and Natural
Resources concerning regulated organisms intended
for bioremediation, the improvement of forest genetic
resources, and wildlife genetic resources, and applications of modern biotechnology with potential
impact on the conservation and sustainable use of
biodiversity [12].
Commercialization of GM Crops: Filipino Approval
Process
In consultation with the NCBP, the Bureau of Plant and
Industry (BPI) of the DA is responsible for the granting
of permits issued under AO 8 and are classified
according to the intended use of the regulated article:
(a) importation for contained use, (b) field testing,
(c) release for propagation, and (d) importation for
direct use as food or feed or for processing [61]. Applications for import must be accompanied by a certificate
from the competent authority in the country of origin
stating that the regulated article has been locally
approved and a notification in accordance with international obligations. Local applications must be supported
with the necessary technical and scientific dossiers,
a public information sheet (PIS), and a certificate from
the BPI stating that the regulated article has undergone
satisfactory field testing in the Philippines. The AO
8 policy for commercial propagation stipulates that no
regulated article will be released unless (a) field testing
showed that the GM crop will not pose any significant
risks to the environment, (b) food and/or feed safety
studies showed that the GM crop will not pose any
significant risks to human and animal health, and
(c) a permit for propagation has been secured from the
DA. If the GM crop has transgene-derived pesticidal
properties, it must also be duly registered with the
Fertilizer and Pesticide Authority (FPA) [61]. Upon
receipt of an application, the BPI has 5 days to process

and evaluate all of the documentation to ensure that it
is sufficient in form and substance. If it is found to be
defective, then the applicant is given a 60-day grace
period to correct or provide further necessary information. Only a complete application will be accepted for
evaluation by a multi-stakeholder advisory body, the
results of which must be reported to the BPI within
30 days of acceptance. For the duration of the evaluation process, the reviewers remain anonymous to both
the public and the BPI. The Scientific and Technical
Review Panel (STRP) and the Bureau of Agriculture
and Fisheries Products Standards (BAFPS) evaluate all
applications; the STRP comprises of at least three
experts from a roster of independent scientists and
particularly evaluates the risk assessment and risk management strategies outlined by the applicant, whereas
the BAFPS will make a determination of compliance
with food-safety standards. Additionally, the Fertilizer
and Pesticide Authority (FPA) and the Bureau of Animal Industry (BAI) will also evaluate applications of
those regulated articles which are also pest-resistant
plants or to be used as feed, respectively. Concurrently,
the applicant must carry out a public consultation by
publishing the PIS in two newspapers of general circulation and inviting the public to make comments
directly to the BPI within 60 days of posting the notice.
A decision, together with any agreed permit conditions,
is made within 120 days of publication of the notice
[62]. Approved products are then included in the registry for direct use maintained by the BPI. Once in the
registry, for imported articles, the applicant is no longer required to secure an import permit for succeeding
shipments. However, a notification of shipment to
BPI is required within 15 days before its arrival at
a Philippine port [57].
South Africa
South Africa is a biotechnology leader in Africa and is
involved in sophisticated biotechnology activities,
including those pertaining to the development and
commercialization of GMOs [6, 63]. In 2000, the
South African government began to focus on, and
substantially increased, its research support for biotechnology. This led to the adoption of the 2001
National Biotechnology Strategy (NBS), a policy
framework to create incentives for the biotechnology
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sector [63], involving several government departments
[64]. The NBS commits more than US$300 million per
year from government to finance a variety of biotechnology initiatives [6].
South Africa is among only three African countries
in which GM crops are commercially grown [2]. In
2006, the commercial release of insect-resistant (Bt)
cotton and maize; herbicide-tolerant (RR) soybeans,
cotton, and maize; and cotton with the “stacked gene”
(Bt and RR) had been approved. At the time, it was
estimated that these GM crops accounted for the cultivation of 30.5% of yellow maize, 28.8% of white maize,
59% of soybean, and 90% of cotton in South Africa
[65]. The total area of commercialized transgenic crops
increased in 2010 to 2.2 million hectares [2], which is
mostly due to white and yellow maize, followed by RR
soybeans and insect-resistant cotton. Giving an insight
into potential future commercial releases, several varieties of these crops were also in field trials as of 2009,
along with additional new crops. Between January and
September 2009, the number of field trial permits
issued totaled 267 [3]. Maize topped the list with
222 approvals, followed by 24 permits for cotton, 15
for vaccines, 3 for soybeans, and one each for sugar
cane, sorghum, and table grapes. The traits associated
in these approvals included drought tolerance and herbicide tolerance in maize, herbicide tolerance in cotton,
biofortified sorghum, fungus resistance in table grape,
alternative sugar production pathways in sugar cane,
and cassava with altered starch content.
Regulatory Oversight in South Africa
Concerns regarding the commercial release of GMOs
led to South Africa enacting legislation to regulate
the development, importation, and application of
GMOs. The Genetically Modified Organism Act 1997
(GMO Act) was passed in 1997, and it was subsequently
modified in 2006 to bring it in line with the CPB [66].
Regulations for its implementation were initially
adopted in 1999, and then, amended regulations took
effect in February 2010. The formal structures for the
implementation of this act include an Executive
Council, which reviews applications for GMO work;
a scientific advisory committee (South African Committee for Genetic Experimentation [SAGENE]);
a registrar to administer the GMO Act; and an
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inspectorate to monitor function. According to the
legislation, no person may import or export from
South Africa, or develop, produce, use, release, or distribute any GMO in South Africa, other than under
a permit for undertaking such an activity [67]. Such
a permit is to be issued after a technical assessment and
risk analysis report has been submitted by the applicant
and has been approved by the Executive Council. This
Council is responsible for making regulatory decisions
and is comprised of ten members: one representative
from each of eight government ministries (Agriculture,
Science and Technology, Health, Environmental Affairs
and Tourism, Trade and Industry, Labour, Water
Affairs and Forestry, and the Department of Arts and
Culture), the chair of SAGENE who provides scientific
and technical analysis of risk assessment data, and the
GMO Registrar [68]. The GMO Regulations provide
that an applicant shall notify the public of any proposed release of GMOs prior to the application for
a permit for such release. Public notifications shall be
in the form of a standard notice published in the
printed media informing the public of the intended
release. It is worth noting, however, that the first field
trials were allowed in 1994, and since 1997, several
multinational companies have been permitted to
grow and import GMOs even before the GMO Act
was belatedly implemented in November 1999 [63, 69].
Commercialization of GM Crops: South African
Approval Process
Commercial activities concerning GMOs all require
a permit, including those for: import, export,
contained use (including development, production,
distribution, transport, but not those under containment levels 1 & 2, i.e., in the laboratory or growth
chamber), deliberate release of GMOs into the environment (trial and general release), and commodity
clearance [70]. All applications must be submitted to
the GMO Registrar at the DA, along with a copy of the
public notice and proof (newspaper clippings) in order
for the application to be processed. The public notice
allows interested parties to submit comments or objections in connection with the intended release to the
Registrar within 30 days after the date of the notification [71]. The Registrar then undertakes an initial
review of the application to determine compliance

2301

C

2302

C

Commercialisation of GM Crops: Comparison of Regulatory Frameworks

with the provisions of the GMO Act. If the application
is not compliant, the application is referred back to
the applicant. Once compliant, the application is
forwarded to a committee (expertise nominated by
SAGENE chairperson) formed under SAGENE to conduct a review of the proposed activity. The review
includes an evaluation of the risk assessment data,
including food safety (if applicable), submitted in the
application. Conclusions of the assessment are detailed
in a recommendation report, which is sent to the
Registrar on completion of the review. At this stage,
the application can be referred back to the applicant to
address any concerns raised or to supply additional
information, and the response returned to the committee. Once all concerns have been addressed, the committee makes a recommendation on the application.
The recommendation document, public input, and
a copy of the application is forwarded to the Executive
Council for consideration, who will also take into
account the socioeconomical impact that the GMO
may have. The Council then submits its decision in
writing to the Registrar. Should the Council raise any
concerns, the Registrar will once again refer the application back to the applicant for clarification. Based on
the information received from the applicant and the
assessment done by the Council, the application will
be approved or rejected. If the application is approved,
the Council authorizes the Registrar to issue a permit to
the applicant. This permit will be accompanied by
specific containment conditions as prescribed by the
Council. If the application was rejected, the Registrar
will communicate the decision back to the applicant
with reasons for the rejection [70]. Regulations of
the Department of Health of 2004 provides for the
labeling of foodstuff with genetically modified ingredients that are significantly different to the non-GMO
ingredients. The Consumer Protection Act of 2008 also
addresses this issue.
United States of America (USA)
In the USA, GM crops have been sold since 1994 and in
2006 were already planted on 54.6 million hectares
(soybean, maize, cotton, canola, squash, papaya, and
alfalfa), confirming the USA’s role as the world leader in
agro-biotechnology [10]. The regulatory system in the
USA relative to biotechnology products is rather

different from the one put in place in the EU, and
the discrepancies mainly reflecting the different
approaches taken by the governmental authorities, citizens, and firms toward GMOs and GM food, especially
in the initial years of the biotechnology revolution.
In the USA, agricultural biotechnology politics has
been dominated by a strong and cohesive coalition of
pro-biotechnology upstream and downstream producers and farmers. Lower public outrage has made
mobilization of NGOs in the United States difficult
and, in combination with a less-favorable institutional
environment (notably, centralized regulatory policymaking), has resulted largely in their exclusion from
agri-biotech policy-making [72].
Regulatory Oversight in the USA
Taking the approach that GM products are essentially
an extension of conventional products, the US Government has made use of existing laws to ensure the safety
of GM products [15]. US regulatory authorities operate
under the assumption that the fact that a plant has been
genetically modified is less important than the specific
effects of the modification [4]; therefore, the regulation
focuses on the characteristics of the products rather
than the way in which the product was produced
[35]. The current system was delineated by the White
House Office of Science and Technology Policy under
the 1986 Coordinated Framework for Regulation of
Biotechnology [73]. It is still the key document for
regulating gene technology in the United States and
provides the basis for the regulation of crop varieties
produced by rDNA techniques. Under the Framework,
the US Department of Agriculture (USDA), the Food
and Drug Agency (USFDA), and the Environmental
Protection Agency (USEPA) that were responsible for
regulatory oversight of certain product categories or for
certain product uses are also responsible for evaluating
those same kinds of products developed using genetic
engineering techniques. Transportation, growing
(including field testing), and propagation of GM
crops are governed by the USDA’s Animal and Plant
Health Inspection Service (APHIS) under the Federal
Plant Pest Act 1996 (FPPA) and the National Environmental Policy Act 1969. Specifically, the APHIS has two
responsibilities: deciding on which GM seeds to oversee, so-called regulated articles, and which GM seeds
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are safe enough to be free from the agency’s oversight,
so-called deregulated articles. Deciding on GM seeds to
be regulated depends on “familiarity,” gained from
direct experience through field testing under regulated
conditions. Any eventual deregulation, that is,
exempting a GMO from the oversight of APHIS,
involves a petition process whereby an advertisement
is published in the US Federal Register, and a period to
comment is provided to the public [74].
If a GM plant is not intended for human consumption and is not modified to contain a pesticide, the
USDA is the leading agency. For plants genetically
modified to produce their own pest protection,
APHIS coordinates its evaluation with the USEPA.
Pest-resistant GM crops fall under the authority of
the USEPA under the Federal Insecticide, Fungicide,
and Rodenticide Act 1996 (FIFRA) and the Toxic Substances Control Act 1976. They are subject to a strict
testing regime, where producers must submit testing
data to the USEPA who determines the quantity of
pesticidal substances that may be present in food
[75]. In fact, industry is required to obtain an Experimental Use Permit (EUP) from the USEPA to test any
pest-resistant plant in a field larger than 10 acres. Once
the permit is granted, firms are expected to consult the
USEPA on the details of the field experiment. While the
APHIS analyzes data on the source of the new gene,
the nature of the pesticidal substance produced, differences with its natural equivalent, effects on non-target
organisms, and environmental fate, the USEPA focuses
on the toxicology, the digestive fate, and the potential
allergenicity of the toxin. In line with the productbased approach, the USEPA does not assess the GM
plant per se but the toxin produced by the plant. As for
any pesticides, the USEPA subjects these toxins to
a registration process. Pest-resistant plants whose
toxin falls under this process are mostly of the Bt
variety. Following this registration logic, if the toxin
produced by a GM plant has been approved previously
as a regular pesticide, a new registration is not required.
The USEPA has been requesting for years new regulations to obtain a wider role in the assessment and the
management of GM plants, but thus far with only
limited success [11, 72, 74]. The US Food and Drug
Administration (USFDA) regulates food applications
of GM crops and relies on existing laws that hold food
manufacturers responsible for food safety. Of the three
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agencies, the USFDA has had the most influence on
biotechnology policy because most biotechnology
products on the American market are health care or
food products [72]. In 1999, public meetings were
held by the agency with the aim of sharing its experience regarding GM foods and soliciting views on
whether its policies and procedures should be
modified. Public comments indicated considerable
public support for a mandatory and more transparent
process [4].
Commercialization of GM Crops: US Approval
Process
The APHIS oversees the confined and unconfined
release of transgenic plants as well as any importation
and interstate movement under the FPPA. In addition
to the FPPA, the USDA issued rules in 1987 for the
“introduction of organisms and products altered or
produced through genetic engineering which are
plant pests or which there is reason to believe are
plant pests” [76]. By these rules, the introduction of
a crop produced by rDNA techniques into the environment is only legal with an authorization by the APHIS.
The APHIS grants a release permit after preparing an
environmental impact assessment and “Finding Of No
Significant Impact” (“FONSI”). Exempt from these
rules are experiments with plants produced by rDNA
technology in a contained environment (e.g., laboratory, green house).
In 1997, the USDA simplified the procedure for the
unconfined release of GM crops into the environment
by allowing the applicant to petition the APHIS for
a “determination of non-regulated status” [77]. When
receiving a petition, the APHIS prepares an environmental impact assessment taking into account the following eligibility criteria:
● The crop must not be listed as noxious weed or

weed.
● The introduced genetic material must be stable and

characterized.
● The introduced genetic materials must not

– Result in any plant disease
– Confer an infectious entity or encode toxic
substances to non-target organisms
– Encode products intended for pharmaceutical
use
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● Any plant virus-derived sequences must not pose

a significant risk for new plant virus creation.
● The GM crop must be free of known human and
animal pathogens or allergens.
After a complete petition is filed, it is published in
the Federal Register to solicit comments from the
public. Thereafter, the APHIS reviews the data, taking
into account public comments and takes a final decision, which is again announced in the Federal Register.
The issuance of a “non-regulated” status for a transgenic crop means that it is deregulated and can be freely
commercialized in the US (unconfined release, import,
interstate movement), except if it contains a pesticidal
substance. In that case, an additional “plant pesticide”
approval by the USEPA is required.
The responsibility of the USEPA is to evaluate the
risks of GM crops “producing their own pesticide” for
human consumption under the FIFRA. The evaluation
process is held to the same standards as those for
pesticides applied to plants. To be registered under
the FIFRA, a pesticide must not cause “unreasonable
adverse effects” on the environment and on human
health [78]. Transgenic insect- and virus-resistant
plants fall under the jurisdiction of the USEPA; however, viral coat proteins are normally exempted from
the requirements as the USEPA considers these proteins
as “low-risk applications” based on the principle of
familiarity and their ubiquitous presence in the food
supply. Today, Bt toxins, one viral coat protein, and the
potato leaf roll virus protein are registered as pesticides
and supervised by the USEPA. The agency evaluates the
risks of these “plant-incorporated protectants” by taking into account the following criteria: toxicological
effects, effects on non-target organisms, insect resistance management, and persistence of the substance
in the environment. The evaluation process lasts
approximately 1 year. If adverse effects of insect- or
virus-resistant plants are observed after commercialization, the USEPA has the legal power to amend
existing registrations. Moreover, the USEPA may
impose new measures such as new pest resistance
schemes [79].
Besides the pesticide registration under FIFRA,
Section 408 of the FFDCA requires the USEPA to determine tolerance limits for substances used as pesticides
on and in food and feed [78, 80]. “Nucleic acids that are

part of a plant-incorporated protectant” are exempted
from this requirement because the USEPA considers
them as “safe” [80]. Once approvals from the APHIS,
and from the USEPA when pesticidal substances are
used, have been granted, it is legal to commercialize
the GM plant or derived product in the USA. However,
applicants normally engage in a voluntary consultation
process with the USFDA before marketing of the
GM plant or derived products. This policy is now
under review.
International Obligations Relevant to the
Biosafety Frameworks
Countries do not have complete discretion when deciding how to set up their biosafety regulatory system as
there are several international treaties and agreements
that relate to biosafety. If a country is bound by any or
all of those international agreements, then their biosafety regulatory system must be compliant with those
obligations [81].
Cartagena Protocol on Biosafety
The conclusion of the CPB was broadly recognized as
a step forward in providing an international regulatory
framework to reconcile trade with environmental protection by creating an enabling environment for the
environmentally sound application of biotechnology
[82]. The Convention on Biological Diversity (CBD)
[83] in Article 19 [3] states that:
"

The Parties shall consider the need for and modalities
of a protocol setting out appropriate procedures,
including, in particular, advance informed agreement,
in the field of the safe transfer, handling and use of and
living modified organism resulting from biotechnology
that may have adverse effect on the conservation and
sustainable use of biological diversity.

In 1995, the second Conference of the Parties
(COP) to the CBD began the consideration of the
need for and modalities of such a protocol. COP Decision II/5 commenced the negotiations for the protocol
by launching an open-ended ad hoc Working Group on
Biosafety [1]. Meeting six times between 1996 and
1999, the Working Group concluded its work with the
submission of a draft protocol for consideration by the
first extraordinary meeting of the COP, convened with
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the purpose of adopting a protocol on biosafety to the
CBD. The result of this first extraordinary meeting,
which took place in two separate meetings in 1999
and 2000, was the adoption of the Protocol [84]. In
accordance with its Article 36, the Protocol was opened
for signature by States and regional economic integration organizations from 15 to 26 May 2000 and
remained open for signature from 5 June 2000 to
4 June 2001. By that date, the Protocol had received
103 signatures. The Protocol entered into force on
11 September 2003, 90 days after receipt of the 50th
instrument of ratification [85]. There are presently
160 parties to the Protocol [86], with the COP to the
CBD serving as the meeting of the Parties to the Protocol (COP-MOP), the Protocol’s governing body.
Since the coming into force of the Protocol, the COPMOP has met five times. The fifth meeting of the COPMOP took place from 11 to 15 October 2010 in
Nagoya, Japan, and it approved a Supplementary Protocol on Liability and Redress to the Cartagena Protocol on Biosafety [87].
The Protocol’s scope is the “transboundary movement, transit, handling, and use of all living modified
organisms that may have adverse effects on the conservation and sustainable use of biological diversity,
taking also into account risks to human health” [82].
To ensure the safe transfer, handling, and use of GMOs,
the Protocol sets up two separate procedures. The first
time that a GMO is to be intentionally introduced into
the environment, the Protocol sets up an Advance
Informed Agreement (AIA) procedure. That procedure
requires that the exporter of the GMO provides a notice
with detailed information about the GMO to the
importing country. The importing country then
reviews the information, conducts a risk assessment,
and decides, based on the risk assessment results,
whether to approve or reject the GMO. The second
procedure set up by the Protocol is for GMOs to be
used for food or feed or for processing (such as corn,
soybeans, wheat, or other grains that will be fed directly
to humans or animals or used for processing). For
those GMOs, the AIA procedure is not required.
Instead, the Protocol establishes a simpler system that
reflects the decreased likelihood that those GMOs will
affect the importing country’s biodiversity. Before the
GMO can be exported to another country, the only
requirement is that the safety decision in the exporting
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country is communicated to other countries through
the Biosafety Clearing-House. For LMOs used for other
purposes, such as LMOs used in the laboratory, the
Protocol leaves any regulation to the discretion of the
individual country. The Protocol also does not cover
products derived from LMOs, such as processed foods
that have ingredients that came from LMOs. Although
the Protocol comprehensively covers many issues, there
are a few remaining to be addressed by the individual
Party when establishing their biosafety regulatory
regime [81].
In addition to the CPB, other relevant international
agreements exist. Under international law, countries
shall comply with all treaties to which they are parties,
provided that the provisions of these treaties are not
contradictory (principle of accumulation of international obligations). According to the principle of
integration contained in the Rio Declaration on Environment and Development (Principle 4) and the 2002
Plan of Implementation of the World Summit on Sustainable Development (Paragraph 92), environmental
treaties and trade goals shall mutually support each
other. In fact, the various agreements and instruments
on the topic of the development and use of agrobiotechnology are all closely interrelated and need to
be carefully considered in the decision-making process,
both individually and collectively. This regulatory and
public policy background consists of relevant international instruments and processes, such as: the entry
into force of the CPB, the Codex Alimentarius Guidelines on Food Safety and Labelling of GMOs, and the
World Trade Organization (WTO) Agreements on
Sanitary and Phytosanitary Measures and Technical
Barriers to Trade. Table 1 presents a summary of the
main international instruments and processes of
relevance for biosafety.
A Comparative Analysis of Regulatory Processes
in All Study Countries
Attributes of a Modern Regulatory Biosafety System
Although the development of regulatory regimes is
essentially based on national specific practices, legal
systems, public management strategies, and local
socioeconomic considerations, national regulatory
biosafety frameworks will generally always consider
the following elements [110–112]:
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Commercialisation of GM Crops: Comparison of Regulatory Frameworks. Table 1 Relevant international instruments
and processes (Taken from [88])
Agreement, declaration,
or process
Rio Declaration on
Environment and
Development

Content
The precautionary principle is a fundamental instrument for the safe use of biotechnology.
This principle is contained in Principle 15, which sets forth that: “In order to protect the
environment, the precautionary approach shall be widely applied by States according to their
capabilities. Where there are threats of serious or irreversible damage, lack of full scientific
certainty shall not be used as a reason for postponing cost-effective measures to prevent
environmental degradation”.

United Nations Environment Enacted in Cairo in 1995, these guidelines may assist governments, intergovernmental
organizations, private organizations, and others to strengthen capacities and exchange
Program – International
biosafety information.
Technical Guidelines for
Safety in Biotechnology
The guidelines are based on the following principles: (a) identification of hazards; (b) risk
assessment, taking into account the probability of any hazards arising and the potential
consequences of such hazards; and (c) risk management, applying adequate management
strategies which include developing procedures and methods to minimize risks and their
consequences, or making decisions not to proceed. Such management strategies shall be
proportional to the risk assessment results.
World Trade Organization
(WTO) Agreement

The WTO Agreement recognizes the goal of sustainable development, considering that
free trade shall protect and preserve the environment [89]. There are three WTO
Agreements which can be associated with GMOs: The Agreement on the Application of
Sanitary and Phytosanitary Measures (SPS; [90]), the Agreement on Technical Barriers to
Trade (TBT; [91]), and the Agreement on Trade-Related Aspects of Intellectual Property
Rights (TRIPS; [92]). It is also important to understand the regulations and procedures that
govern Dispute Settlement Understanding (DSU) in the WTO context [93].

Agreement on Technical
Barriers to Trade (TBT)

The TBT Agreement is relevant to biotechnological products as it applies to technical
regulations and rules, including requirements for packaging and labeling [91]. The TBT
Agreement recognizes that no country shall be prevented from taking necessary measures
to ensure the quality of its exports, the prevention of deceptive practices, and the
protection of the environment and human, animal, and plant life or health. However, such
measures shall not be taken as means of arbitrary or unjustifiable discrimination between
countries, where the same conditions prevail, or as disguised restrictions on international
trade. Furthermore, such measures must otherwise comply with the provisions of the
Agreement [91].

The Agreement on the
Application of Sanitary and
Phytosanitary Measures
(SPS)

SPS rules are summarized in the following manner [90]:
1. Members have the right to take necessary sanitary and phytosanitary measures to
protect human, animal, and plant life or health, provided that such measures are not
inconsistent with the provisions of the Agreement.
2. Any sanitary or phytosanitary measures are applied only to the extent that is necessary
to protect human, animal, and plant life or health, based on scientific principles.
Furthermore, such measures cannot be maintained in the absence of sufficient scientific
evidence of their necessity.
3. Members shall ensure that their sanitary and phytosanitary measures do not arbitrarily or
unjustifiably discriminate between members among whom identical or similar conditions
prevail. Moreover, sanitary and phytosanitary measures shall not be applied in a manner
that would constitute a disguised restriction on international trade.
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Agreement, declaration,
or process

Content
4. Sanitary or phytosanitary measures, which are taken in accordance with the relevant
provisions of the Agreement, are presumed to comply with the members’ obligations
under GATT 1994, which relate to the use of sanitary or phytosanitary measures, in
particular, the provisions of Article XX(b) [94].
5. In principle, members shall base their sanitary or phytosanitary measures on
international standards, guidelines, or recommendations, where these exist.
6. Sanitary or phytosanitary measures which comply with international standards,
guidelines, or recommendations are deemed necessary to protect human, animal, and
plant life or health and are presumed to be consistent with the relevant provisions of GATT
1994 [94] and the SPS Agreement [90].
7. Members may introduce or maintain sanitary or phytosanitary measures which result in
a higher level of sanitary or phytosanitary protection than the level that is required by the
relevant international standards, guidelines, or recommendations, provided that there is
a scientific justification to this heightened level of protection or that this level of protection
is determined by a member country to be appropriate according to Article 5 of the SPS
Agreement regarding risk assessment and adequate protection levels [90]. However,
measures which result in a heightened level of sanitary or phytosanitary protection need
not go against any other provisions in the Agreement.
The above-mentioned standards, guidelines, and recommendations are defined as those
established by international organizations, such as the Codex Alimentarius Commission,
the Office International des Epizooties, and the Secretariat of the International Plant
Protection Convention. As for other subjects that are not within the scope of the
aforementioned organizations, they shall be regulated by “other international
organizations” identified by the WTO Committee on Sanitary and Phytosanitary Measures
as being open to the Parties’ membership.

The Codex Alimentarius

Created by the World Health Organization (WHO) and the Food and Agriculture
Organization (FAO) of the United Nations, the Codex Alimentarius (http://www.
codexalimentarius.net) is the organization which is in charge of establishing regulations
related to food safety. Codex Alimentarius standards need to ensure fair trade practices in
food trade, according to WTO rules.
The Codex Alimentarius Commission established an Ad Hoc Intergovernmental Task Force
on Food Derived from Biotechnology [95] to handle issues associated with food obtained
through biotechnological processes, particularly food used for health and nutrition
purposes. In July 2003, the Codex Alimentarius Commission held a meeting during which
three risk assessment standards for food resulting from biotechnology were approved [96].
These standards establish risk assessment principles for food derived from modern
biotechnology. The principles refer to the concept of “tracing,” which is a risk assessment
tool whose meaning is the subject of an important debate. In fact, the United States of
America consider this concept to be different from traceability and limit themselves to
following only the previous and subsequent link in the LMO movement chain. The
approved standards are the following:
– Principles for the Risk Analysis of Foods Derived from Modern Biotechnology [97]
– Guideline for the Conduct of Food Safety Assessment of Foods Derived from –
Recombinant-DNA Plants [98]
– Guideline for the Conduct of Food Safety Assessment of Foods Produced Using
Recombinant-DNA Micro-organisms [99]
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Agreement, declaration,
or process

Content
In 2008, the Ad Hoc Intergovernmental Task Force on Food Derived from Biotechnology
completed a Guideline for the Conduct of Food Safety Assessment of Foods Derived from
Recombinant-DNA Animals [100]. At its 31st session, the Commission noted that the Task
Force had completed its work, one year ahead of schedule, and agreed to its dissolution
[101].
Likewise, the Codex Committee on Food Labelling is working on draft guidelines for the
Labelling of Food and Food Ingredients Obtained through Certain Techniques of Genetic
Modification/Genetic Engineering, as well as on a Draft Amendment to the General
Standard for the Labelling of Pre-packaged Foods (in order to address the issue of
genetically modified foods) [102]. Finally, in 2007, the Codex Alimentarius Commission
adopted the “Working Principles for Risk Analysis for Food Safety for Application by
Governments” that were proposed by the Codex Committee on General Principles [103].
These principles allude to the precautionary approach. For more information on Codex
activities, see www.codexalimentarius.net.

International Plant
Protection Convention
(IPPC)

The IPPC (https://www.ippc.int/) aims to prevent the international spread and introduction
of pests of plants and plant products and to promote appropriate measures for their
control. The Convention was reviewed in 1997 and entered into force in 2005 [104].
A Commission Working Group studied plant pest risks associated to LMO issues and an
international standard (ISPM No.11 pest risk analysis for quarantine pests, including
analysis of environmental risk and LMOs) [105]. This text intends to protect plants and
ecosystems from LMO-related risks. According to the text, such protection measures
should be cost effective, nondiscriminatory, and feasible and should not limit basic trade
needs.

World Organization for
Animal Health (OIE)

The World Organization for Animal Health, also known as the Office International des
Epizooties (OIE; http://www.oie.int/), is an intergovernmental organization created by the
International Agreement signed on 25 January 1924. OIE’s mission is to ensure the
transparency of animal health conditions worldwide. Member countries promise to declare
animal diseases detected on their territory. In addition, the OIE is in charge of safeguarding
international trade through the elaboration of health regulations destined to be applied to
international transboundary movements of animals and animal products. The WTO
recognizes such regulations as international reference rules.

Regional International
Organization for Plant
Protection and Animal
Health (OIRSA)

In 2000, the Regional International Organization for Plant Protection and Animal Health
(OIRSA; http://www.oirsa.org) produced a Regional Guideline on the Safety of Plant
Biotechnology [106]. In fact, the Guideline is based on the CPB and essentially regulates the
same issues as the Protocol. However, in view of its nature, the guideline also aims to
harmonize the various regional laws and practices pertaining to the issue of biosafety.

Central American
Commission for
Environment and
Development (CCAD)

The Central American Commission for Environment and Development (CCAD), which is the
environmental authority of the Central American Integration System (SICA), through its
biodiversity program and territorial legal system, prepared a Central American Protocol on
the Safety of Modern Biotechnology. A series of technical consultations was undertaken
and led to the adoption of a draft Protocol, which was then approved by the Central
American Ministries of Environment in 2002. Although the Central American Protocol is
based on the CPB, some of its provisions go beyond the scope of the CPB. In fact,
provisions regarding labeling, documentation, liability, contained use, and transit, as well
as various biosafety principles, have been included in the Central American Protocol in an
attempt to avoid the inconsistencies and ambiguities which resulted from the multilateral
negotiations that lead up to the adoption of the CPB.
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Agreement, declaration,
or process

Content

The Inter-American Institute As requested by the Ministries of Agriculture in 2002, IICA, in collaboration with the OIRSA
and the Tropical Agricultural Research and Higher Education Centre (CATIE), was put in
for Cooperation in
charge of preparing a regional biosafety regulatory framework, in response to the lack of
Agriculture (IICA)
regulations in certain countries that are receiving, or may potentially receive, requests for
field trials or trade in LMOs. A group comprising of various agencies was formed, along
with a consultative process, which led to the preparation of a Regulatory Framework Draft
for Living Modified Organisms for Agricultural and Livestock Use in Central American
Countries. This initiative intends to promote a model regulation on agricultural
biotechnology that is to be adapted by each country, according to its particular needs and
situation. There is hope that this regulation will be enacted in a similar fashion by the
various nations, thereby triggering a process of harmonization of regulatory frameworks in
the region.
Other relevant agreements
and declarations

– CGRFA draft Code of Conduct on Biotechnology [107]
– United Nations Model Regulations on the Transport of Dangerous Goods (UN
Recommendations) [108]
– The Aarhus Convention on Access to Information, Public Participation in Decisionmaking and Access to Justice in Environmental Matters, which contains specific guidelines
on public participation in LMO-related decision-making processes [109]. The Convention
entered into force in 2001. Although it was enacted by the United Nations Economic
Commission for Europe, the convention is open to other nations. The Convention was
amended in 2005 in order to set out more precise provisions on the deliberate release of
genetically modified organisms, but the amendment has not yet entered into force. The
amendment will enter into force once it has been ratified by at least three-quarters of the
Parties. In September 2007, the amendment had only been ratified by four countries. The
third meeting of the Parties was held in Riga, Latvia, on 11–13 June 2008. The meeting
adopted the Riga Declaration and a strategic plan for the Convention, resolved the issue of
how to calculate ratification of amendments, and renewed the mandates of task forces
dealing with access to justice, electronic information tools, and public participation in
international forums.

● Biosafety policy, occasionally as part of a broader
●
●

●
●

biotechnology or biodiversity policy
Regulatory policy
A mechanism to handle requests and permits
related to LMO use, in particular, notifications
required by the CPB (i.e., an administrative system)
A mechanism for monitoring and inspections
A system that allows public participation and
information
According to Jaffe [113]:

"

The purposes of a national biosafety regulatory system
are to scientifically assess the safety of genetically
engineered (GE) organisms to humans and the environment, manage any potential risks, and authorize the

development and marketing of safe GE organisms and
their products. To develop such a regulatory system,
a government can use existing laws or develop new
laws. Any national biosafety regulatory system that is
proposed, however, must be functional, protective,
and also comply with international trade standards
that are evolving in recognition of the growing importance of GE organisms in world affairs.

A national biosafety regulatory system is a regulatory regime responsible for assessing and managing the
full range of potential risks that might be posed by
a GMO and its products. It addresses potential risks
to the environment and biological diversity as well as
any food/feed risks or other safety-related issues
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involving GMOs (e.g., worker health, drug safety, etc.).
A protective biosafety regulatory system ensures that
any risks from GMOs are managed and allows safe
GMOs to be developed, marketed, and utilized for
their intended purpose. Such a system, however, must
also be functional, which means that it should be
understandable, workable, equitable, fair, adaptive,
and enforceable [114].
Existing biosafety regulatory systems from around
the world reflect, among other things, the type of
government in the country, the politics of the country,
the country’s view on the relative safety of GMOs, and
the country’s regulation of food, agriculture, and environmental issues. Establishing those systems required
balancing numerous goals and trading off different
interests. Through an analysis and comparison of different existing biosafety regulatory systems, however,
one can identify key characteristics and components
that are generally important to a functional and protective biosafety regulatory system [113]. Incorporating each of those characteristics and components in
a functional and protective biosafety regulatory system
involves problem solving because there can be tensions
between the different characteristics.
Jaffe [113] indicates the following attributes of
a system:
● Comprehensive.
● Adequate legal authority to subject each GMO to

●
●
●
●
●

●
●

a food-safety and environmental risk assessment
approval.
A clear safety standard.
Proportionate risk-based reviews.
Transparent and understandable.
Participatory.
Post-approval oversight. A biosafety regulatory
system does not stop its oversight once a GMO
has been approved for a confined field trial or for
a commercial release.
Flexible and adaptable.
Efficient, workable, and fair.

Decision-makers are facing an important challenge
because biotechnology and biosafety fields are ever
evolving at a dramatic pace. In this context, overly
precise and detailed regulatory frameworks can easily
become obsolete in a short period of time. In order to

avoid forever having to enact new legislation and policies, it is preferable to develop a regulatory framework
that takes on the form of a general guide, thus regulating more specific biosafety aspects by way of by-laws
and other regulations. In fact, this alternative allows
more efficient regulation of future situations but has
the effect of conferring the power of regulating specific
aspects of biotechnology to the executive branch of
government and other administrative institutions,
instead of to the Parliament [115].
General Comments on Evolution of Biosafety
Regulatory Systems
The nature of GM crop regulations around the world
has as much to do with social and political values as
with concerns about health and safety. Consumers’
growing awareness of their rights and farmers’ increasing fear of dependence on multinational companies are
symptoms of a deeper concern about values and priorities, the type of environment that people want, the role
of biodiversity, their tolerance to risk, and the price that
people are prepared to pay for regulation. Therefore,
the regulations in the study countries were formed, or
amended, during this period of heightened public
awareness and are a reflection of how the various governments have attempted, or not, to address these
concerns. A comprehensive discussion of regulatory
requirements for GM crops at the national and international levels is a broader topic than can be covered
here, and previous studies have addressed them in
detail [5, 116].
In general terms of regulatory systems, several
approaches have been considered worldwide with
respect to the safe use of modern biotechnology:
(a) certain countries decided to apply preexistent
plant or animal health regulations to GMO-related
issues or to incorporate biosafety provisions into
plant and animal health protection laws; (b) other
countries decided to adopt specific biosafety regulations that need to be enacted by the Parliament, the
executive power (through agreements or resolutions),
or public sector institutions; (c) certain countries
decided to mention biosafety in their environmental
regulations; (d) some countries decided to apply seeds,
pest control, and plant or animal regulations to

Commercialisation of GM Crops: Comparison of Regulatory Frameworks

modern biotechnology, enacting but a few coordination rules and specific provisions associated to
biosafety.
The original trend of agricultural biosafety regulations focusing on transgenic plants continues to exist in
some countries but is in the process of being replaced
by a broader focus that comprises biosafety regulation
of animals, microorganisms, fish, and forest species.
This progressive expansion of biosafety toward new
areas results from the need to regulate research and
eventual trade of other types of organisms created
through genetic engineering. The CPB, whose scope
extends beyond the issue of plants, and the subsequently
developed regulatory frameworks implementing its
provisions, brought on a gradual increase in the
number and variety of organisms and activities being
regulated. In addition, health authorities have
increased participation in biosafety advisory commissions and committees.
In view of the complexity of biosafety issues, particularly issues of risk assessment and risk management, and several other issues associated to the
introduction of GMOs into the environment, almost
all of the countries have established a committee or
a national commission to assist decision-makers in
the development of biosafety regulations. The composition of these committees and commissions varies
considerably in the region, mainly with respect to the
inclusion of the productive sector, consumers, and
non-governmental organizations. However, the trend
points toward the inclusion of these organizations,
even though such an inclusion can potentially lead to
conflicts of interest. Currently, these committees or
commissions are for the most part directly connected
to the regulatory authorities in place. Nevertheless,
independent national commissions (commissions that
are not connected to the regulatory authorities) were
created in some countries and were assigned political
and coordinative functions, leaving the issue of
technical recommendations to be dealt with by other
sector-based authorities established by each country’s
competent Ministry or Secretariat.
The entry into force of the CPB had the effect of
introducing the Ministries of Environment to the biosafety debate. For the reasons mentioned in the previous paragraph, the Ministries of Agriculture have
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traditionally been the authorities involved in the decision-making process regarding GMOs. Gradually,
environmental authorities started demanding and
assuming an active role in the regulation of GMOs in
view of their mandate to protect the environment. This
trend has been strengthened by the incorporation of
biosafety provisions into environmental laws and
regulations. In some cases, GMOs are even subject to
environmental impact assessments (at least based on
a literal interpretation of the pertinent legal provisions).
Comparison of Approval Systems
In Asia, the only major GM crops approved for commercial release are Bt cotton, which is grown commercially in China, India, and Indonesia, and GM corn
recently approved in the Philippines. To date, no
Asian government has given official permission to
plant GM soybeans or rice.
In the context of GM crops, the concept of “biosafety” is, in principle, a broad one, covering three
areas: the health safety of humans and livestock, the
safety of the environment (i.e., ecology and biodiversity), and socioeconomic safety (i.e., the economic and
social impact on farmers, consumers, and different
social classes, as well as on trade and economy in
general) [44]. While the biosafety regulations in force
in industrialized countries (e.g., Canada, the European
Union, and the USA) address only the health and
environmental risks and exclude socioeconomic considerations, the regulations in developing countries
(e.g., India, Argentina, SA, and the Philippines) tend
to include all three areas.
Countries have responded differently to the opportunities presented by GM crops and the potential risks
associated with them (Table 2). The composition of the
“trade off ” between potential benefits and risks in each
case depends upon whether a government adopts
a permissive, precautionary, or prohibitive policy
approach to GM crops. Three basic conditions may
thus trigger application of protective measures: uncertainty, risk, and lack of proof of direct causal link [5].
As major agricultural exporters, Argentina, Canada,
and the USA have each adopted a permissive attitude
very early on, widely authorizing most GM products
for production and consumption, thereby benefiting
from lower production costs and greater export profits.
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Commercialisation of GM Crops: Comparison of Regulatory Frameworks. Table 2 Main characteristics of
commercialization approval systems in study countries
Country/region
Element of approval system

Argentina

Canada

China

Europe

India

Philippines

S. Africa

USA

Biosafety/GMO-specific law/
act

X

X

X

✓

X

X

✓

X

Ba

B

A

A

A

A

B

A,H

A

A or Eb

E

A

G

A,G

A

G

A,G

Xd

✓

Xd

✓

✓e

X

✓

X

Regulatory trigger: process (A) B
or product (B)
Responsible ministry or
government department:
agriculture (A), environment
(E), or health (H)

A

ERA committee composition: A,C, G,P
academia (A), commercial (C),
government (G), or public (P)
representatives
Obligatory domestic field
testing

✓

Obligatory prior approval in
export country
Compulsory compliance with
food-safety requirements

✓

✓

✓

✓

✓

Socioeconomic impacts
considered

✓

X

Xg

X

✓

Compulsory variety
registration

✓

✓

✓

A,G

G

✓

✓

✓

✓

Xf

✓

X

✓

Mandatory post-market
monitoringh

X

✓

✓

X

Time- or spatially restricted
authorization

✓

✓

✓

X

30

30i

Public consultation (days)
a

A, Ec

60

30

✓

In contrast to all other countries, Canada relies on the concept of novelty to trigger regulatory oversight and has declared that all plants
derived through genetic modification are considered novel
b
The European Commission sends its draft approval to the Council of Ministers (agricultural or environmental ministers), which has three
months to reject or adopt it. If they do not act within this time, the Commission may adopt its own decision and authorize the new GM
product
c
For those GM plants producing their own pesticide, the evaluation is coordinated between APHIS and the USEPA
d
Where data from field studies on other continents are supplied, the applicant should submit a reasoned argument that the data is
applicable to domestic conditions
e
For local applications only, not for applications for import
f
Developers of GM crops engage in a voluntary, but recommended, consultation process with the USFDA (voluntary pre-market review).
This process is currently under review
g
Taking socioeconomic considerations into account during the risk assessment process is not legally required in China [30]
h
✓ – Mandatory requirement for approved post-marketing monitoring plans and reporting. X – No specific approval requirement, but the
developer is expected to monitor for existing and emerging risks that may be associated with its product and notify the regulatory
authorities whenever new information is uncovered
i
Thirty-day time period is provided for public consultation after the formal approval
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Regulators in India, Europe, and the Philippines, on the
other hand, have taken a more cautious approach based
on guaranteeing a very low level of risk to human
health and the environment. They have therefore
imposed strict control measures on approval and marketing of GMOs and GM products [5]. While China
had initially moved quickly on the approval of GM
crops for environmental and commercial releases, the
approval process has slowed considerably since 2000,
and strict regulations have been implemented for GMO
imports [15].
Further differences are obvious. Process-based regulation is the rule in almost all countries that have
developed national biosafety regulatory systems. Even
in countries employing a product-focused RA process,
the scope of regulatory oversight is defined by the
process of genetic modification. Canada is the only
country in which regulatory oversight is triggered
solely by the novelty of the trait(s) expressed by plants,
irrespective of the means by which the novel traits were
introduced – an approach that is most consistent with
the scientific principle that the risks associated with
GM crops are not inherently different than those
posed by more conventional crops [117, 118]. Indeed,
the US National Research Council has explicitly
recommended using objective compositional changes,
not breeding method, as the basis for regulatory scrutiny and even then, only “when warranted” [119].
India, Argentina, Canada, most EU countries, and
South Africa have all used non-statutory guidelines to
manage the environmental impact of GM crops before
promulgating new acts or regulations. There is no
evidence that this approach has ever compromised
environmental safety. India is the exception among
the study countries in locating its biosafety decisionmaking authority solely within the ministry responsible
for the environment, while the Ministry of Agriculture
predominates among the remaining study countries.
As a rule, environment ministries have a more
precautious or preventative approach to introducing
new technologies, as compared to those with the
responsibility for agriculture. Different structural
approaches are used to secure the necessary scientific
advice for the decision-making process. The EU has
implemented a system of expert advisory committees,
while others, such as India, Canada, and the USA, rely
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primarily on scientists and professionals working
within government departments and agencies. Other
countries, e.g., Argentina, China, and South Africa,
have a combination of both. Only India and the EU
mandate post-market monitoring in attempts to gauge
the impacts of the introduction of GM crops over
the long-term as well as larger spatial scales. Other
countries may address this indirectly by authorizing
time-limited or geographically limited introductions
(e.g., Canada), whereas the USA does neither.
Conclusion and Future Directions
Governments have an important role in ensuring that
novel foods are safe for human consumption and that
novel agricultural inputs do not cause major negative
impacts on the environment and long-term agricultural production. The adoption of biosafety regulatory
frameworks is a challenging task since decisionmakers are faced with numerous difficulties, such as
ever-evolving technology, which can quickly render
specific regulations obsolete. Countries and policymakers are responding to these various problems with
different legislative and policy-based strategies. As seen
above, most countries, with the notable exception of
the USA, consider GM crops to be novel foods, regardless of the characteristics of their final product. Hence,
new laws and institutions to regulate potential biosafety and food-safety issues have and continue to be
established, requiring that GM products be approved
before they may be grown in, consumed in, or
imported into a country. Concurrently, public opinion
in many parts of the world still regards the use of GM
crops as controversial. Concerns about new risks have
led biosafety, food-safety, and labeling regulations to
become complex and costly, with no tiered mechanisms in place to regulate the various and different
GMOs based upon the level of risk presented and the
amount of regulatory experience gained with similar
products. As a result, regulation has evolved which
implicitly assumes that all GMOs have the ability to
present the same (high) risk unless proven otherwise,
requiring the over-production of data of questionable
value to decision-making. This regulatory position has
become a real threat to the future development of GM
crops in the non-corporate and public sectors,
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especially for those subsistence crops involving tolerance to abiotic stress and higher nutrient contents
being specifically developed for the benefit of farmers
and consumers in the developing world. Should
regulatory safety standards be set to an impossibly
high threshold (e.g., at zero risk), these GM crops are
unlikely to be approved in those countries who stand to
gain most from their potential benefits.
The requirements of setting up effective and efficient regulations and legislative systems pertaining to
products of rDNA technology inevitably involve additional costs, e.g., the development and maintenance of
institutions, procedures, and management tools, costs
which many developing countries cannot afford. Even
should developing countries decide to form their regulatory frameworks by adapting regulatory guidance
already implemented elsewhere, cost sharing still
carries a financial burden. Once a system is in place,
other relevant costs include the cost of compliance with
biosafety regulations and risk management conditions,
as well as the economic, environmental, and health
costs related to delayed access to new technologies
and products and their associated benefits. The variety
and disparity of potential frameworks call for a normalization of information requirements and, wherever
synergies and cooperation mechanisms are promoted,
a harmonization of the scientific and technical aspects
of regulatory oversight at the national and subregional
level. As such, an expanded use of internationally
accepted consensus can promote the acceptance of
regional approaches to regulation. Examples include
OECD documents on scientific aspects of risk assessment, as well as guidelines issued by international standard-setting bodies such as the International Plant
Protection Convention and the Codex Alimentarius.
Programs that create networks on regional and subregional levels may also facilitate the acquisition and dissemination of biosafety expertise at reduced costs.
Providing useful, relevant information is a worthwhile
task, but it can also prove expensive to provide training
on how best to utilize such information in decisionmaking. It is therefore imperative that external funding
streams continue to be directed toward supporting the
establishment of effective regulatory systems in developing countries that respond to national needs and policies, until such time that they become self-sustainable.

Disclaimer
Opinions and views expressed in this chapter are
strictly those of the authors and may not necessarily
represent those of the organizations where the authors
are currently employed.
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Glossary
Community-owned water resources Water sources
that can be easily found within the boundaries of
a community such as rainwater or reclaimed water.
Non-potable water Water use for all applications
except a direct potable application such as drinking.
Potable water Water that is suitable for any kind
human consumption. Simply, the term can be
defined as drinking water.
Public perception As applied to water aggregate of
individual attitudes or beliefs held by general public
on water or wastewater.
Rainwater harvesting Collection, storage, and use of
rainwater for various water applications.
Reclaimed water Already used water that has been
recovered by various treatment processes to meet
specific water quality criteria.
Reuse As applied to water, the use of treated water for
a beneficial use including domestic, urban, industrial, or agricultural application.
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