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This “Information toolkit on food biotechnologies with a focus on food 
safety” is a publication consisting of one handbook and ten booklets, 
referred to as tools. It is strongly recommended to read through the whole 
set before using the information it contains.
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Introduction
Tool 7 provides some general considerations and examples on the 
environmental aspects of growing genetically modified (GM) foods. 
Environment and human health (the topic of Tool 6 (FAO, 2021b)) were 
indicated by the experts as topics of primary concern among the general 
public in relation to food biotechnologies, and particularly GMOs (FAO, 2020a). 
The information and the examples provided here could support information 
about how environmental safety assurance is performed, or information about 
the prevention of and response to the accidental release of unauthorized 
GMOs. The examples also include commonly asked questions about the 
possibility of creating new life forms as a result of growing GMOs, the 
possible spread of the GMOs grown in the environment, and the specificity of 
some pest-resistant GMOs. This tool covers six examples with the following 
information.

1. Approved GMOs can be legally released into the environment. 

2. Environmental risk assessments examine whether GMOs are safe for 
growing in the environment.

3. Relevant stakeholders monitor GMOs when they are grown in the 
environment. 

4. The potential for gene flow from GMOs to other organisms is part of the 
environmental risk assessment: novel life forms are not created as a result 
of growing GMOs.

5. Many GMOs are designed to be resistant to certain pests.

6. Proper containment minimizes the accidental release of GMOs that are 
under development.  

The examples in this tool could support education and general information. 
Collaboration is suggested if more than one authority is responsible for GM 
food safety assessments and environmental assessments. To develop a 
comprehensive and coordinated communications strategy around genetic 
modification and other biotechnologies it is recommended to use the 
information in this tool with other resources. The images alongside the 
text below can be referred to as example-illustrations of how one may present 
materials. 
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Six examples
Approved GMOs can be legally released into 
the environment
In general, the environment encompasses all living and non-living things 
occurring naturally, and it concerns the interaction of all living species, climate, 
weather and natural resources – all of which are closely tied to human survival, 
food production and economic activity. The main message of the example 
below is that GMOs can be grown in the environment after they are legally 
approved in their national contexts. 

Users of this toolkit may refer to the example below and further tailor it 
to reflect their own trading partners and/or neighbouring countries when 
producing communications material. It is also possible to change the example 
of genetically modified (GM) corn and of the GM tomato to reflect local foods. 
This information can be complemented with the example in the next paragraph 
about the environmental risk assessment, to better inform why legally 
approved GMOs can be grown safely in the environment. 

Approved GMOs can 
be legally released in 
the environment.
GMOs such as GM corns and GM 
tomatoes are assessed to ensure 
they are safe for the environment 
before they are planted.  

Legally approved 
GMOs have been 

grown for more than 
20 years in countries 
such as Argentina, 
Australia, Canada, 

China, Mexico, South 
Africa, Spain and the 

United States of 
America.
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Environmental risk assessments examine 
whether GMOs are safe for growing in the 
environment
Risk assessors consider the biological characteristics of the GMO, and compare 
it to its non-GMO counterpart. They consider whether the new characteristics 
can be a plausible harm leading to an unacceptable level of risk compared to 
the non-GMO counterpart. This is considered based on the weight of evidence. 
In environmental risk assessments, farm areas where GMOs are proposed to 
be grown and its associated farm management practices are also assessed. 
Hence, it is possible that GMOs are approved for cultivation at specific sites 
only. The environmental risk assessments are examined by governments 
every time before a decision is made to release a new GMO, unless it is 
substantially equivalent to a GMO that is already approved. Guidelines offered 
by international organizations include the Guidance on Risk Assessment of 
Living Modified Organisms and Monitoring in the Context of Risk Assessment 
published by the Convention on Biological Diversity (CBD) (UNEP, 2016). 

Users of this toolkit may wish to develop materials that describe the process 
of environmental risk assessment process. The above-mentioned Guidance on 
Risk Assessment of Living Modified Organisms and Monitoring in the Context 
of Risk Assessment describes it as a sequence of the following five steps:

 STEP 1: “Identification of any novel genotypic and phenotypic 
characteristics associated with the living modified organism that may 
have adverse effects on biological diversity in the likely potential receiving 
environment, taking also into account risks to human health”;

 STEP 2: “Evaluation of the likelihood of adverse effects being realized, 
taking into account the level and kind of exposure of the likely potential 
receiving environment to the living modified organism”;

 STEP 3: “Evaluation of the consequences should these adverse effects be 
realized”;

 STEP 4: “Estimation of the overall risk posed by the living modified 
organism based on the evaluation of the likelihood and consequences of 
the identified adverse effects being realized”;

 STEP 5: “Recommendation as to whether or not the risks are acceptable 
or manageable, including, where necessary, identification of strategies to 
manage these risks”.

Source: CBD, 2016.
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In the example below, the word “exotic” is used, which may have different 
meanings in different languages. Users of this toolkit can choose another word 
such as “non-native” or “new”, “novel” as appropriate. Similarly, the word 
“damage” could be replaced by “adversely affect” or “negatively impact”. 

Environmental risk 
assessments examine 
whether it is safe to 
release GMOs into 
the environment.
Governments ensure that a 
thorough scientific risk assessment 
is undertaken before GMOs are 
released into the environment. 

Exotic organisms,  
GM or non-GM, have 

the potential to damage 
the environment and 
biodiversity, making 
environmental risk 

assessments  
essential. 

Relevant stakeholders monitor GMOs when 
they are grown in the environment
Monitoring of environmental effects is an important element of the regulatory 
framework for GMOs, and it can be a risk management measure. The aim 
of GMO monitoring is to detect any potentially adverse effects of GMOs on 
human health and the environment, and, if necessary, to facilitate early and 
appropriate mitigation action. How, who and when GMOs are monitored 
may vary from one country to another. Users of this toolkit should include 
information relevant to their country and context in any material developed. 
Listing all involved sectors and stakeholders in communications material may 
help the reader to understand the monitoring activities. 
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GMOs may be monitored 
by regulators after they 
have been released into 
the environment. 

Any information or evidence of unintended 
effects to the environment or human health 
must be reported immediately to the 
government.

The government has 
the right to take 
action, e.g. add 

conditions and revoke 
the authorization, as 

needed, based on 
information available.

The potential for gene flow from GMOs to 
other organisms is part of the environmental 
risk assessment: novel life forms are not 
created as a result of growing GMOs 
Experts noted during the consultation meetings (FAO, 2020a) that there are 
people who believe that a completely different and novel organism can be 
created as a result of GMOs growing near other crops. This is incorrect. Gene 
flow, meant as the transfer of genetic material from one population to another, 
may happen when GM crops and related non-GM species are planted side by 
side resulting in the related non-GM species picking up a trait from the GM 
crop. However, no novel life forms are created in this way.

 
The phrase “novel life form”, may not be easily translated into other languages, 
therefore, another term, such as “species”, can be used as an alternative. It may 
be necessary for users of this toolkit to explain the term “gene flow” as part of 
communications materials: gene flow is the spread of genes from one breeding 
population to another usually related population (FAO, 2001). 
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Novel life forms are not 
created as a result of 
growing GMOs
The potential for gene flow,  
i.e. escape of genetic material 
from the GMO to other wild 
relatives, is reviewed as part  
of the environmental risk 
assessment.

Governments may 
prevent growing 
GMOs in certain 

places to mitigate  
the possibility of  

gene flow to  
wild relatives.

Many GMOs are designed to be resistant to 
certain pests
One of the most common traits for GMOs is the resistance to certain pests 
and diseases (CBD, 2021; FAO, 2021; OECD, 2021). Such resistance is caused 
by the production of compounds that are specifically toxic to some pests. For 
example, Bacillus thuringiensis (Bt) is a naturally occurring bacterium in the soil 
that produces compounds specifically toxic to certain insects. Some crops such 
as corn, cotton, and soybeans have been genetically modified to have the Bt 
genes inserted in order to produce such toxic compounds. 

When explaining this concept, users of this toolkit may find useful to introduce 
examples of a target pest, e.g. Lepidoptera. It may also be helpful to introduce 
examples of non-target organisms, e.g. ladybird beetles, grasshoppers, etc. 
Users can also tailor the example image, which is about pest resistance, to 
create materials about the topic of herbicide resistance. 
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This resistance is caused  
by the production of 
compounds that are toxic  
to the target pest in a highly 
specific manner.

Many GM crop varieties have 
been designed to be resistant 
to certain pests and diseases.

For more than 20 years, farmers across the globe have been planting crops, 
including corn, cotton, and soybeans, that have been genetically modified to 
poison the target pest through toxic compounds. However, some insects have 
developed a tolerance to these compounds and they can live on undeterred. 
This tolerance is growing, and various approaches are being used to prevent 
or minimize pests from developing tolerance. These include applying additional 
pesticides on a rotating basis. It is important to emphasize that overuse should 
be avoided through strict adherence to the recommended pesticide application 
rates. For this reason, starting from this example, users of this toolkit may want 
to produce materials that discuss various approaches to prevent or minimize 
pests from developing a tolerance to pesticides. 

FAO has published guidelines that address the problem of pesticide tolerance 
in agriculture and how to limit its development while continuing to protect 
crops from pests (FAO, 2012). In some countries, pest management using 
GMOs is conducted at the production level; seed developers educate producers 
on how to responsibly use and manage new pest management technologies as 
they are introduced to support their continued effectiveness and minimize the 
development of tolerance. 



8 7 – The environment

Proper containment minimizes the 
accidental release of unapproved GMOs
The term “containment”, or “contained use”, refers to measures and protocols 
applied to reduce the contact of GMOs with the external environment. This 
is done when GMO are being developed in controlled experiments/facilities, 
in order to prevent their accidental release and to limit their possible negative 
consequences on human health and the environment. Containment measures 
have to be adequate to address the highest level of risk associated with the 
experiment, especially when the risk category of the material being worked 
with is uncertain. FAO has published guidelines that describe the biosafety 
requirements from the initial research and development of a GMO to its 
commercial release on the market (FAO, 2011). 

In the unlikely event of accidental release of GMOs that are under development, 
measures are taken to remove or remediate the released GMOs and prevent 
further releases. Governments may determine the origin and extent of the 
accidental release and test to ensure the unauthorized product is not present 
anywhere other than the site where it was released.  

Rigid protocols are  
used to minimise the 
release of unapproved 
GMOs in the environment.  
The containment measures include designing 
an experimental greenhouse, limiting or 
restricting access to the greenhouse, 
recording the ongoing experiments and 
decontaminating equipment. 

In the unlikely event of 
an accidental release of 

unapproved GMOs, 
measures are taken to 
remove or remediate 

the released GMOs and 
prevent further 

releases.
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Terminology 
Biosafety Set of measures or actions addressing the safely aspects related to the application 

of biotechnologies and to the release into the environment of transgenic plants 
and other organisms, particularly microorganisms, that could negatively affect 
plant genetic resources, plant, animal or human health, or the environment (FAO, 
2001).

Biotechnology Any technological application that uses biological systems, living organisms, or 
derivatives thereof, to make or modify products or processes for a specific use. In 
this document, the words “food biotechnology” are used when biotechnology is 
applied to make or modify foods for human consumption (FAO, 2001).

Conventional 
counterpart

A related organism/variety, its components and/or products for which there is 
experience of establishing safety based on common use as food (FAO and WHO, 
2009).

Deoxyribonucleic 
acid

Deoxyribonucleic acid (DNA) is a long chain polymer of deoxyribonucleotides. 
DNA constitutes the genetic material of most known organisms and organelles, 
and is usually in the form of a double helix, although some viral genomes consist 
of a single strand of DNA, and others of a single- or a double-stranded ribonucleic 
acid (RNA) (FAO, 2001).

Gene The unit of heredity transmitted from generation to generation during sexual 
or asexual reproduction. More generally, the term is used in relation to the 
transmission and inheritance of particular identifiable traits. The simplest gene 
consists of a segment of nucleic acid that encodes an individual protein or RNA 
(FAO, 2001).

Genome editing Techniques utilized by scientists to correct or to introduce specific mutations at 
a particular site (locus) within the DNA of an organism. The techniques used to 
accomplish these site-specific corrections or directed mutations (base substitution, 
addition or deletion) include living modified organism (LMO) genome editing and 
transcription activator-like effector nucleases (TALEN). The term gene editing may 
be used interchangeably (FAO, 2019).

Genetic 
modification

Altering the genetic material of cells or organisms with the intention of making 
them capable of producing new substances or performing new functions (FAO, 
2020a). The term genetic engineering may be used interchangeably.

Genetically 
modified food

Food produced for human consumption and derived from organisms whose 
genetic material (DNA) has been modified in a way that does not occur naturally, 
e.g. through introducing a gene from a different organism (FAO, 2020a).

Genetically 
modified 
organism

An organism that has been transformed by inserting one or more transgenes (FAO, 
2001).

Living modified 
organism

A living organism that possesses a novel combination of genetic material obtained 
through the use of modern biotechnology. It is a synonym of GMO, but is restricted 
to organisms that can endanger biological diversity (FAO, 2001). 

Modern 
biotechnology

Application of: i) In vitro nucleic acid techniques, including r-DNA and direct 
injection of nucleic acid into cells or organelles, or ii) fusion of cells beyond the 
taxonomic family that overcome natural physiological reproductive or recombinant 
barriers and that are not techniques used in traditional breeding and selection 
(FAO, 2001).
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www.fao.org  
Rome, Italy 

©
 F

A
O

, 2
02

1 
CB

22
66

EN

S
om

e 
rig

ht
s 

re
se

rv
ed

. T
hi

s 
w

or
k 

is
 a

va
ila

bl
e 

 
un

de
r a

 C
C

 B
Y-

N
C

-S
A 

3.
0 

IG
O

 li
ce

nc
e


