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Abstract 

The underlying constructs characterising the never-ending debate and lack of consensus on food are largely issues 
relating to potential risks and uncertainty GMOs might pose to human health and the environment, and the possible 
threats to national food sovereignty. This paper is a review study and as such relied solely on published literature on 
contentious issues surrounding GM crops and its food derivatives. Most of the issues raised in available literature 
against GMOs on the grounds of health and environmental risks, and national food sovereignty concerns are 
overhyped, speculative and fear-mongering. Public interest and safety will be better assured and safeguarded if GMOs 
proponents and opponents reached consensus on standardization regarding tolerable level of harm and acceptable 

safety limit in interpreting impact assessment results of GMOs on health and environment. 
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1. Introduction

In the history of crop improvement, the introduction of Genetically Modified (GM) crops had been the most 
controversial plant breeding techniques in contemporary agricultural research and development. Even in it’s over two 
decades of commercialization consensus are yet to be reached on the appropriateness and safety of Genetically 
Modified Organisms (GMOs) and its food derivatives. The debate is largely relates to issues of potential health and 
environmental risks [1, 2, 3] and concerns relating to ‘national food sovereignty’ and threat of ‘food colonialism’ [4, 5]. 
However, global production of GM crops continues to increase significantly since its first commercialization in 1996 
[2].  Within a span of 23 years (from 1996 to 2018), global cultivation of GM crops had spiraled more than 100-folds, 
reaching 191.7 million hectares in 2018 from just 1.7 million hectares in 1996 [2]. In its 23 years history GM crop have 
experienced unprecedented high adoption rate increasing every single year with double digit growth rates, except 
2015 [6, 7]. In 2018 twenty-six (26) countries comprised of 21 developing and 5 industrialized countries planted a 
total of 191.7 million hectares of GM crops [6, 2] increasing by 1.9 million hectares compared with the 189.8 million 
hectares cultivated in 2017 [8].  

This remarkably level of adoption of GM crops had never been witnessed in crop technology adoption history in 
recent times. Within the period of 23 years an accumulated 2.5 billion hectares or 6.3 billion acres were put under GM 
crops cultivation across developing and industrialized countries by both small and large scale farmers [6, 2]. This 
development has yielded considerably agronomic and socioeconomic benefits to both small and large scale farmers 
who have adopted this novel crop technology and had further delivered substantial environmental and health benefits 
to humanity [1, 9, 7, 3].  
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The increasing trend of adoption and cultivation of GM crops, in the face of mounting anti – GM campaigns, bears 
amply testimony to the unflagging farmers’ and consumers’ confidence on the technology and a reflection of the 
substantial multiple benefits realized from continue adoption and cultivation of GM crops.  

However, what is of great concern is the apparent lack of consensus on health, environmental, food security and 
economic benefits of GM crops. It appears the scientific community had neither adequately addressed public concerns 
about GM crops and its food derivatives nor effectively communicated the value of this technology to gain public 
acceptance, which is essential to the continued development and application of biotechnology in commercial 
agriculture. As results, the general public is not well-informed with the true and holistic picture characterizing the 
various views and arguments on the safety and appropriateness of this technology in food and feed production.  

The apparent lack of scientific information about GMOs in the public domain is worrying, considering the fact that the 
mass media is an important driver of public opinion on GMOs [4, 10]. Anti – GM activists have understood this and are 
taking to the media to advance their campaign against GM crops and food. Glaab & Partzsch [4] looks at the 
construction of utopian and apocalyptic narratives in social movement campaigns and how they contribute to the 
construction of identities in the campaigns against GM food and Bt cotton in India and concluded that “organic food” 
and “ethical cotton” products would be less successful without the concurrent use of apocalyptic narratives on media 
about GM food and Bt cotton. As a result it is difficult to know where scientific evidence ends and where dogmatism, 
indoctrination and conjectures begin. Because the mass media is inundated with all kinds of information and 
misinformation about GMOs. 

This paper therefore sought to examine available literature highlighting various issues opponents of GM crops have 
argued on and juxtaposing them against empirical scientific evidence proponents of GM crops have presented in 
refuting those arguments.  The review sought to contextualize and synchronize the debate with the view of 
understanding the real motives driving the various positions on the debate and to establish whether those positions 
are grounded in validated scientific evidence. 

The need for this review is premised on the fact that, the mounting challenge against GM crops continue to shape 
public opinion [11] notwithstanding the fact that there exist considerable scientific consensus that the transgenic 
foods and crops currently on the market have brought no scientific validated new harmful effects or risks either to 
human health or to the environment [12].  

2. Methodological approach 

This article reviews scientific literature on GM crops focusing on peer reviewed scientific articles and published 
evaluation reports on the debate of GM crops and commercialization of biotechnology in agriculture. The review 
analyses peer-reviewed papers and evaluation reports identified through internet based Web searches (mainly 
Googlescholar and online academic repositories). These sources of scientific literature have been relied on in many 
review studies on GM crops and commercialization of agrobiotechnology in general ([1, 13, 14, 3]. A review study by 
Mampuys & Brom [13] on Governance strategies for responding to alarming studies on the safety of GM crops and 
Pearsall [14] review on GM crop co-existence both employed this approach of internet Web based searches in 
gathering information for their reviews.  

Information which were sought for in the literature were issues of contention regarding GM crops, such as health and 
environments concerns, arguments relating socioeconomics, food sovereignty and political economy and 
harmonization of international trade of commodities containing GM products.  Also information regarding findings of 
impact and risk assessments conducted on GM crops and products, regulatory frameworks and standards regarding 
production, transfer and marketing of GM products were also sought for and analysed with the view of understanding 
how proponents and anti-GM activists have interpreted and use these findings to advance their augments. 

3. Review results 

This paper is purely a review study, as such literature on various arguments for and against GM crops are examined 
with the view of understanding the various narratives underpinning the debate on the safety and appropriateness of 
GM crops. This section presents review and discussion of the various contentious issues regarding the safety and 

appropriateness of GM crops. 
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3.1. Health and environmental risks arguments 

In order to analyse the debate on possible health and environmental risks of GM crops, this paper adopted the 
recommendations of European Union Academies Science Advisory Council (EASAC) policy report on GM crops [15]. 
The policy report observed that the GM debate had suffered from several conceptual problems and lack of 
standardization in interpreting impact assessment results. The EASCA [15] underscored the following issues on the 
on-going GM debate:  

 Confusion of GM crop effects with effects caused by agricultural practices per se  

 Lack of definition of ‘harm’  

 GM crops need to be incorporated with other agricultural practices 

3.1.1. Confusion of GM crop effects with effects caused by agricultural practices per se 

Agricultural practice in general has profound effect on the environment and biodiversity. Therefore to bring clarity to 
the debate on the effect of gene modification on the environment is to clearly isolate GM induce effect from the effects 
caused by general agricultural practice. Because, as a matter of fact, every agricultural practices causes certain 
changes to the environment, such as deforestation, land degradation, pollution, loss of biodiversity among others. 
Qaim [16] also bemoaned the lack of clarity associated with the GM debate as it has to do with uncertainty regarding 
occurrence, timing, attribution and isolated effects, magnitude and significant levels of adverse effects specifically 
caused by GMOs.   

The most hotly debated issues about GMOs, perhaps is issues relating to the safety of GM crops and its food 
derivatives and potential environment risks and loss of biodiversity. The thumb card of anti-GMO advocates is the 
argument that genetic modification could lead to possible health conditions such as allergic reaction, carcinogenic and 
toxicity [13, 16, 3]. Biden, Smyth & Hudson [17] observed that often the debate against commercial released of 
biotechnology and GM crops is so fixated on perceived health risks and negative impacts on the environment and 
biodiversity.  

In isolating the effects of gene modification on the environment, recent environmental impact assessments focused on 
changes in pesticide use and greenhouse gas emissions arising from the use of GM crops [17, 9, 18]. In many of such 
impact assessments, investigators focused on examining changes in the amount of insecticides and herbicides applied 
to the GM crops relative to conventionally grown alternatives. And the contribution of GM crops towards reducing 
global Greenhouse Gas (GHG) emissions compared with their conventional alternatives. 

Findings of many independent environmental impact assessments of commercial released of GM crops found no 
significant adverse effect on the environment in comparison with conventional agriculture. Biden et al. [17] in their 
study on the economic and environmental cost of delayed GM crop adoption in Australia found that GM canola pose no 
significant difference in effects on the environment when compared to non-GM canola. They concluded that there 
were no adverse effects in the five main environmental impact assessment categories (weediness, gene flow, plant 
pest, non-target organisms and biodiversity) in comparison with non-GM canola.   

Notwithstanding the rigorous scientific safety standard and tests that GM crops and its food derivatives are subjected 
to anti-GM campaigners still sought to link GM foods to health conditions such as cancers, allergic conditions and 
toxicity.  The lack of methodological clarity and certainty in alarming studies linking the consumption of GM food to 
health risks and harmful effects is not helping the cause of scientific consensus needed to ensure public safety and 
good GMOs governance. Since commercialization of GM crops alarming studies about the safety of GMOs have been 
reoccurring and recycling with similar players, arguments and strategies [13] inspite of mounting scientific evidence 
refuting same.  

For instance, refuting the alarming study by Séralini et al. [20] which claimed that rats fed with GM maize were more 
likely to develop more and more serious tumours in live than those fed with conventional maize, Mampuys and Brom 
[13] indicated that results of many reviews of Séralini and his team work by many national authorities and scientific 
bodies concluded that the study contained methodological shortcomings and that the conclusions could not be 
justified. Although the study was dismissed as unsound and incorrect by scientific advisory bodies and national 
authorities [13, 15], many anti-GMOs advocates continue to cite Séralini et al. [20] conclusion as a basis for their claim 
that GM crops are not safe for human consumption.    

Therefore to ensure scientific basis of comparison, is to be able to isolate the actual effects as a results of gene 
modification from the general effect of agricultural production practices. The fact that certain adverse environmental 



Zakaria / GSC Advanced Research and Reviews, 2020, 02(03), 009–017 

12 
 

effect had been established against GM crops is not enough to call for the ban or delay in its commercialization if it not 
compared with its conventional counterpart. 

3.1.2. Lack of definition of ‘harm’ 

The second concern of EASAC [15] have to do with the apparent lack of definition of ‘harm’ and the lack of consensus 
on what constitute a tolerable level of harm to the environment and human health. Arguments against the safety of 
GMOs and its food derivatives are usually plagued with multi-level disagreements on the grounds of definition of 
harm, scientific basis of tolerably level of harm largely driven by interest-based, value-based, moral and metaphysical 
aspects [9,  13). As a result there is general lack of consensus in assigning value to harm caused by genetically 
modification within the context of current acceptable effects of conventional agriculture.  

Binimelis & Wickson [21] argues that understanding the impacts of GMOs cultivation requires attentiveness to the 
operational context of the technology as well as a wide range of actors and potential pathways of harm. As a matter of 
fact, there is no such thing as totally safe food as all food may contained some inherent or natural occurring 
contaminants or present contamination by several mycotoxins [22]. This is not to suggest that all foods are dangerous, 
but only to acknowledge the fact that traces of some levels of such contaminants as toxins and carcinogens are present 
in everything we eat’. Therefore what is of concern is the level of these harmful contaminants and the extent to which 
they pose adverse effects to health and wellbeing.  

Therefore, whether a food is GM or not there will always be the need to carryout contaminant and toxicity tests to 
guarantee safety for consumption.  Richards [23] asserted that food toxins which cause many illnesses mostly arise 
from both natural and human sources and that there will always be a need to carry out new or unexpected tests for 
toxins in foodstuffs, regardless of whether it is from GM or non-GM source.   

Before being commercially release, food and feed derived from GM crops undergo extensive safety tests, considering 
among other things the changes in the composition of the plant as a result of the modification by comparing with their 
conventional crops with history of safe use [24, 25]. Anderson et al. [24] applied this assessment regime in assessing 
the composition of forage and grain from GM  DP202216 maize and concluded that it is equivalent to non-GM 
conventional maize (Zea mays L.). Many risk assessments of GM crops have applied this method [24, 32, 33]. 

In all these tests the underlying basis is to establish whether the composition of a GM food, altered by modification, fall 
within the substantial equivalence level as that of conventional crops [34, 16]. Therefore going forward in the GM 
debate, public interest will be better served in having consensus in the interpretation of results of impact assessments 
of GMOs on human health and the environment with the view of bring clarity in ascertaining whether the risks 
associated with GM crops and their food derivatives fall within tolerably limits in comparison with their conventional 
crops counterpart. Such risk assessment regime referred to as ‘substantial equivalence’ had been forcefully made and 
scientific proven. Because conventional food and feed have history of safe use therefore results of risk assessment test 
of GM crops are interpreted by using the non-GM counterpart as reference.  If GM food is found to be substantially 
equivalent to its conventional counterpart then any argument against its consumption on the basis of safety is 
nonstarter because its conventional counterparts have history of safe use.  

Notwithstanding, after decades of commercialization, GM technology continue to generate controversy inspite of the 
fact that GM crops and food derivatives are being subjected to rigorous risk assessment procedures and are put under 
relatively strict safety regularity standards across many countries. Various countries have developed different GM 
regulatory regimes based on their risk frames, institutional arrangements, and participation modes [25].   

I  therefore argue that the controversy over safety of GM crops should not be merely over the existence or otherwise 
of environmental and health risks, because every agricultural practice and product have some level of  impact on the 
environment and some level of risks to human health  in one way or the other. Public interest and policy will be better 
served if there is standardization regarding what constitute tolerably level of harm to the environment and acceptable 
safety limit in interpreting impact assessment results of GMOs. It is therefore clear that the argument against GM 
crops on the ground of health and environmental risks is over hyped, speculative and precautionary with the motive 
of generating negative public perceptions and opinions against GMOs. 

3.1.3. GM crops need to be incorporated with other agricultural practices 

The third conceptual issue as pointed out by EASAC [15] is that GM crops need to be incorporated with other 
technologies or practices in sustainable management systems, because technology does not operate in isolation. No 
agricultural technology operates in isolation but rather function within the production system by boasting and 
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complementing other elements and players in the system. Binimelis & Wickson [21] observed that to adequately 
harnessed the potential of GM crop cultivation require proper interpretation of impacts assessment results by paying 
attention  to the operational context of the technology as well as a wide range of actors and potential pathways of 
harm.   

For instance, initial reports attributed the erosion of glyphosate efficacy and emergence of supperweeds to gene flow 
from herbicide tolerant Roundup- Ready (RR) GM crops [26, 27] which was later found to be caused by poor 
agronomic practices.  Similarly, Helander et al. [28] review of erosion of glyphosate efficacy found that it is cause by 
poor crop management procedures, not GM-specific technology as it was initially thought of. Also, the argument that 
transgenes toxins from Bt trait GM crops might cause ecological imbalances by influencing population levels of 
competitors, preys, hosts, symbionts, predators, parasites, and pathogens [27,  29] can also be argued with regard to 
conventional agriculture in which pesticide are widely used and cannot entirely be blamed on GM specific technology.     

Therefore, it is essential that suitable agronomic practices are put in place to maximise the benefit that can be derived 
from agricultural innovation while minimising any potential adverse effects it may pose to human health and the 
environment. It will be therefore necessary that going forward emphasis on discussions on GM crops should not 
merely be whether GM crops pose some risks to human health and environment, but rather focus on formulating 
scientific and agricultural policies required to ensure that the potential value of GM technology is safely harnessed for 
increase agricultural productivity while ensuring its negative consequences are curtail through institutional and 
regulatory frameworks. Also strengthening risk assessment regimes and early warning mechanisms in the production, 
safe handling, transfer and consumption of GM products is critical in gaining public trust and confidence on GMOs 
regulatory frameworks and standards. 

3.2. Food Sovereignty argument 

Grave concerns of anti-GM activists, especially in developing countries, is the fear of multinational corporate control of 
local agricultural production and food supply through the arrangement of seed patents associated with 
commercialization of GMOs. As observed by Katiraee [30] that the common criticism of GM foods is that their seeds 
are patented to developers who are mostly profit motivated multinational corporations. Leonelli [35] study’s on the 
dominant regulatory approach to the governance of GMO risks argued that although GMOs are identified as a strategy 
to tackling food insecurity and facilitating climate change adaptation, the patenting and trade regime of GM seeds 
serve the profit-making goals of transnational market actors. Naylor [36] also argues that due to political, corporate 
trusteeship, profit - driven and knowledge – enclosure behind most GMO production there is no place for GMOs in 
food sovereignty. He further argues that since food sovereignty is about changing conditions which creates 
inequalities in the food system a narrow focus of corporations’ profit - driven motives through GMO production tends 
to reinforces these inequalities [36].   

The ultimate goal of Intellectual Property Right (IPR) or patents regime associated with trade of GM seeds is to 
provide benefits to stakeholders and, ultimately the general public through providing legal protection for investment 
into GM research. Achieving this goal depends upon balancing the possibility of reward to the developer with benefits 
that can then flow to others. While not necessarily providing a “silver‐bullet,” the availability of effective IPR regime is 
an important component of business decisions affecting research and product development [37].  

Garzón and Escobar [38] in their paper ‘resisting multinational seed corporations and legal seed regimes through 
seed-saving practices and activism in Colombia’ observed that difference categories of farmers have diverse ways of 
resisting seed sovereignty expressed by their seed saving strategies. They demonstrated that indigenous farmers’ seed 
saving strategy represents a form of resistance mobilized through narratives of tradition, sovereignty, freedom, and 
environmental protection while industrial farmers, who grow genetically-modified cotton, carry out seed saving 
surreptitiously to minimize production costs and to resist the enclosure of seeds by corporations.  

The nature of patents regimes associated with commercialization of GM crops is fuelling the fears that biotechnology 
industry which is driven by few corporations with monopolistic power will eventually take over the seed market and 
therefore pose a threat to national food sovereignty [31]. Anti-GM activists have vehemently argued against the 
patents regimes governing GM seeds, describing it as an attempt to control global food production by few 
corporations with the tendency of creating a situation where resource poor farmers will have to perpetually depend 
on biotech companies for their seeds. Such, a situation, they claimed will further worsen the poverty levels of 
smallholder farmers and food insecurity situation of developing countries [39]. Similarly, Bhuiya [40] noted that, the 
advent of GM crops may shift local control and farming system to corporate control and thereby making global food 
production subject to international politics and geopolitical manipulation. There is the fear that seeds local farmers 
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have been using over the years will give way to genetically modified seeds and then becomes the property of biotech 
corporate multinationals by patents.  Such control, anti-GM advocates warned, will eventually alters farmers’ 
ownership and control over seeds generation and use and thereby leading to the enslavement of local farmers to 
multinational biotech companies [40, 39].  Traditionally, farmers select portion of their harvest and store them as seed 
for the next season, and practice plant improvement by selecting and exchanging seeds with one another and this give 
them ownership right over their seeds and as such put them in charge of growing their own food.  

The possible shift in locally controlled farming system and food production to multinational corporate controlled in 
the cultivation of GM crops, is being argued within the wider scope of political economy with conspiracy theory of 
geopolitical manipulation of national food sovereignty. The conspiracy is that farmers in developing countries are 
likely to lose autonomy in their staple food production to profit driven biotech companies.  Which eventually will 
torpedo locally control over food production and supply and thereby giving biotech multinational companies totally 
dominance in food production through seed supply and this can be used as tool to manipulate global politics.   

However, these fears and conspiracy theories have adequately been responded to by proponents of GM technology. 
For instance, Katiraee [30] drew the attention of anti-GM activist to the fact that seeds from genetically modified crops 
are not the only ones that are patented. He cited the many conventionally bred crops which are patented under the US 
Patents and Trademark Office as evidence that patents is not a feature inherent with GMOs. The argument against 
GMOs patents legislative regime might be appealing to skeptics, but it failed to acknowledge and provide alternatives 
for funding the huge investment required in breeding and developing GM seeds.   

Considering the time, money and effort spent in crop breeding, either genetic modification or the conventional 
breeding methods, it makes sense for private developers to protect their investment through patents regulatory 
regime.  For instance, a survey of six companies on the cost of GM crop traits revealed that the mean cost associated 
with the discovery, development and authorisation of a new biotechnology derived crop trait introduced in the 2008-
2012 timeframe is $136 million [30]. In addition, the study further revealed that the discovery accounted for an 
estimated 22.8% and 23% of total cost and time involved respectively. While regulatory science, registration and 
regulatory affairs being the longest single phase in product development and is estimated to account for 25.8% and 
36.7% of total cost and time involved respectively (ibid). 

Such heavy investment needs to be paid for and safeguarded so as to attract and assure private investors who are 
willing to invest in crop improvement and seed marketing. Patents regimes and institutional frameworks put in place 
to ensure the protection of investment of biotech companies and to motivate private investment in biotechnology 
research, had been lauded as the most robust and reliable arrangement in securing investment in biotechnology 
research whiles ensuring the development of crops with the desire traits for sustainable agricultural development. 
These patents are protected through the World Trade Organization (article 27) and the International Union for the 
Protection of New Varieties of Plants (also known as UPOV) which member nations are expected to rectify and 
implement through the enactment of specific domestic laws and legislations [30].   

Therefore, the debate on whether or not these patents should exist in the first place is outside the scope of the GMO 
discussion and should be directed towards how best to attract and safeguard the huge investment required in 
producing successful GM seed. Public investment into research and development is purely public policy decision and 
priority of national governments. If national public investment into research in agrobiotechnology can provide for the 
require investment, expertise and capacity needed to develop GM crops, the issue of corporate takeover of national 
food sovereignty will not arise. If national governments are committed to investing public resources on 
agrobiotechnology research as it is done in China and India [31], then the fear of corporate dominance and possible 
control of global food production will not arise. As such the debate on GM crops within the context of political 
economy regarding control on biotechnology research and seed market, should rather focus on discussions on choices 
of national government in biotechnology research capacity and investment and their regulatory and legal regimes 
regarding patents of genetically modified seeds.    

Also Public Private Partnerships (PPP), between national governments and biotech industries have been noted as an 
effective way of improving access to biotechnology research for the improvement of staple food crops varieties for 
smallholder farmers in developing countries, especially Africa. As asserted by Chambers et al. [41] that PPPs had 
become increasingly prevalent in many African countries with the goal of ensuring that private research on GM crops 
is combined with local knowledge of varieties and cropping conditions that resides in public research organizations in 
order to develop GM crops suitable to Africa conditions. There are several successful examples of public-private 
partnerships which have facilitated access to biotechnology and development of improved crop varieties for 
developing countries. For instance, the transferred of golden rice, which is genetically modified to produce -carotene 
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the precursor to vitamin A, to developing countries particularly Philippines, India, China, Vietnam and Indonesia 
under PPPs is a clear demonstration of the effectiveness of PPP arrangement in improving smallholders farmers 
access to GM technology [41].   

4. Conclusion and recommendations 

Critical scrutiny of anti-GM activists’ narratives regarding the possible health risk associated with GM food reveals a 
wide array of precautionary, skepticism and fear-mongering with the motive of generating public disapproval and 
rejection of GMOs in food production. As much as caution is necessary as it lead to the formulation of proactive 
biosafety measures to prevent the occurrence of negative consequences which might be harmful to human health and 
the environment, presenting it as empirical fact is deliberate distortion and misleading, to the say the least.  

Analysis of available literature reveals that the GM debate had suffered from several conceptual problems and lack of 
standardization in interpreting impact assessment results. Public interest and policy will be better served if there is 
standardization regarding what constitutes tolerable level of harm to the environment and acceptable safety limits in 
interpreting impact assessment results of GMOs.  

Regarding the argument of threat to food sovereignty, many anti-GM activists have vehemently argued against the 
patents regimes governing GM seeds, describing it as an attempt to control global food production by few 
corporations with the tendency of creating a situation where resource poor farmers will have to perpetually depend 
on biotech companies for their seeds. But the fact that other conventional bred seeds also have patents and protected 
by intellectual property right, takes the argument of patents regime creating corporate control of the global market 
with consequence on national food sovereignty out of the GM debate. Therefore, the debate on whether or not these 
patents should exist in the first place is outside the scope of the GMO discussion and should be directed towards how 
best to attract and safeguard the huge investment required in producing successful GM seed. 
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