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Introduction

Communication experts have known for 
years that top-down approaches to ‘teaching’ 
the public about the benefits of technologi-
cal advances in agriculture, including genetic 
engineering (GE), do not change consumer 
opinions about these technologies (Wohl, 
1998; Hails and Kinderlerer, 2003; Hansen 
et al., 2003; Landrum and Hallman, 2017). 
Nevertheless, there remains a view that a fo-
cus on educating consumers about science 
will help gain public support for GE (Blancke 
et al., 2015). To this end, in 2017 the FDA 
allocated US$3,000,000 for a campaign to 
publish and distribute science-based educa-
tional materials to make sure that people 
understand the benefits of GE (Dewey, 
2017). When the science of GE ignores the 
science of communication, it seems that 
science is at odds with itself. And when the 
science of GE ignores important ethical 
principles of communication, ethical ten-
sions will arise.

This chapter identifies and examines 
the ethical tension between the need to 
communicate the risks and benefits of sci-
ence and technology to the public and the 
science and ethics of such communication. 

It begins with a historical background of the 
commercialization of GE foods and places 
the ethical debate about GE foods in the bio-
ethics rubric of autonomy, non-malfeasance, 
beneficence and justice. Ethical tensions 
about GE foods go beyond safety and include 
difficult to quantify issues, such as interfer-
ence with the natural order of things, religion, 
freedom of choice, environmental concern, 
trust, risk, cultural identity, equity, fairness, 
consent and self-determination. Through an 
analysis of the literature, including scien-
tific, gray and popular, this chapter shows that 
policies promoting autonomy can appease 
ethical concerns of consumers by providing 
choice in the marketplace. While public 
debate will likely continue, informed indi-
vidual consumer choice can help shape the 
future of GE foods.

Historical Perspective: The Flavr Savr 
and Zeneca Tomatoes

Early in the introduction to GE into the 
mainstream food supply, industry knew 
there would be a problem, given early oppo-
sition from organizations such as the Envi-
ronmental Defense Fund, The Pure Food 
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Campaign and the New York State Consumer 
Protection Board in the USA, and consumer 
protests and unfavorable media coverage in 
the United Kingdom (Leary, 1994; Elde-
ridge, 2003). Confrontation, controversy, 
irrational and anxiety are words neither con-
sumer nor seller wants associated with their 
product (see, for example, Buzalka, 2000; 
Marris, 2001). These tension-causing words 
erupted during the early introduction of GE 
products into the human food supply. The 
first product was a tomato called the Flavr 
Savr. Words associated with GE have not 
changed in the past 25 years. Considera-
tion of the introduction of GE tomatoes is 
informative.

The Flavr Savr tomato was created and 
commercialized by Calgene, a California tech 
start-up company (CERA, 2015). It was 
approved by the US Department of Agricul-
ture (USDA) and went on the market in 1994. 
Calgene was a self-professed ‘techie’ company 
and not a farming business, and the trans-
formation from laboratory to production 
and distribution did not go well. The Flavr 
Savr was grown in Mexico, poorly packed 
and shipped, and arrived at supermarkets 
ruined. The price charged was often twice as 
high as that for a conventional tomato. Even 
when it looked good when shipped correctly, 
the tomato did not have a taste worth twice 
the price. So, Calgene was sold to Monsanto 
in 1996 and the tomato was quickly pulled 
from the market (Associated Press, 1996). 
The Monsanto website FAQ provided an 
answer as to why the Flavr Savr is no longer 
available: ‘weak harvests and costly shipping 
methods; the tomato was unprofitable’ 
(Monsanto, no date). Other sources indicate 
that the Flavr Savr was discontinued because 
Monsanto had loftier goals for genetic engi-
neering than tomatoes; they aimed to be a 
biotechnology company (Center for Food 
Safety, 2005). Importantly, the Flavr Savr 
was voluntarily labeled. By pulling the prod-
uct from the market, labeling became a 
non-issue. If GE had the goal of feeding the 
world, selling a tomato at twice the price of a 
conventional tomato did not fit that aim.

In the United Kingdom, a similar GE 
development was in the works at Zeneca, 
initiated by Dr Don Grierson, then a plant 

geneticist at the University of Nottingham. 
Zeneca obtained approval for a GE tomato in 
August 1994 (Bruening and Lyons, 2000). 
Zeneca’s idea was to produce a processed 
tomato paste sold in larger cans and the same 
price as conventional tomato paste. It was 
introduced in 1996 and clearly labeled GE.

Grierson noted that the tomato paste 
version was a better product because it was 
labeled so that consumers could make their 
own choice, and it met one of the goals of GE 
technology – to provide more food at a lower 
price. This was in contrast to the relatively 
higher priced Flavr Savr (Goddard, 1998). 
According to Grierson, ‘The key thing is that 
the product is labelled. . . . This is not a scien-
tific issue. It is not a safety issue. It is just a 
question of recognising people’s individual-
ity, and their concerns, and their right to 
know’ (Goddard, 1998, p. 1). These words 
could be written today, as the first manda-
tory labeling of GE foods in the USA was 
promulgated based on consumers’ right to 
know (Vermont General Assembly, 2014). 
Additionally, The National Bioengineered 
Food Disclosure Law S764 was passed in 
2016, charging the Agricultural Marketing 
Service of the USDA to develop labeling 
standards within two years (USDA, no date).

The Zeneca tomato initially sold well in 
Safeway and Sainsbury stores, but in 1998 
sales began to decrease and the product was 
pulled from supermarket shelves. Super-
market giant Tesco, which never stocked the 
GE puree, stated the puree did not offer any 
additional benefits to customers compared 
with conventional puree (BBC News, 1996). 
Interestingly, a major tenet of marketing 
and advertising is ‘give me benefits, not 
attributes’ (Belch and Belch, 2012). The ben-
efits of the tomato did not go to the con-
sumer, but rather to the supply chain, as the 
‘farmer has a longer window for delivery, 
there is less mold damage, the tomatoes are 
easier to transport and they are better for 
processing’ (BBC News, 1996, n.p.).

Opponents of GE cited flawed research 
findings about potential health dangers of 
GE potatoes (Bruening and Lyons, 2000). 
But others blame Árpád Pusztai, until then a 
world-renowned biochemist and nutrition-
ist. Pusztai was vilified by other scientists 
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for publishing a study (Ewen and Pusztai, 
1999) and talking to the media about the 
possibility of negative health effects of GE. 
He wasn’t the last (see Krimsky, 2015). 
Reading A United Kingdom Parliament Report 
(Science and Technology Committee, 1999) 
on genetically modified foods, it is clear that 
there were several possible reasons for the 
tomato’s failure, including consumer choice, 
the costs of knowing which tomatoes were 
GE (separation of product), the media, lob-
bying groups and consumer perceptions. 
Pusztai was also mentioned. Nevertheless, 
the confrontation of scientist against scien-
tist cost Pusztai his position at the Rowett 
Institute in Scotland and no doubt contrib-
uted to the controversy that was brewing in 
consumers’ eyes with regard to GE food.

The message from the stories of the Flavr 
Savr and Zeneca tomatoes is that the devel-
opment of GE technologies in agriculture is 
complex and controversial. Moreover, there 
continues to be information and mis- 
information surrounding the health, safety 
and other issues related to the diffusion of 
GE into the food supply. Thus, it is difficult 
to determine who and what is to blame for 
the less than universal acceptance of GE 
technology into the US food supply (Kolo-
dinsky, 2007).

Ethical Issues Go Beyond Safety

The Flavr Savr and Zeneca stories are impor-
tant because they provide contexts for a dis-
cussion about the ethical concerns consumers 
face in the USA and elsewhere. In addition to 
words found in the media, including contro-
versy, confrontation and anxiety, we can 
add interference with the natural order of 
things, religion, freedom of choice, environ-
mental concern, trust, risk, cultural identity, 
equity, fairness, consent, autonomy, self- 
determination and perceptions of safety 
(Thompson, 1997; Kolodinsky et al., 1998; 
Wohl, 1998; Hansen et al., 2003; Lang and 
Hallman, 2005; Dryzek et al., 2009; Gupta et 
al., 2011; Hepting et al., 2014; Fischer et al., 
2015; Landrum and Hallman, 2017). In short, 
there are issues beyond safety that people 

are concerned about and this is seen in a 
wide variety of disciplines and over a long 
period of time.

Slovic (1987) offers a perspective about 
risk that remains relevant today. Using fac-
tor analysis, he developed two data-driven 
axes with regard to risk: known versus 
unknown, and acceptable versus dreaded. 
DNA technology landed in the combination 
of unknown and dreaded, above every other 
‘risky’ activity, drug or technology. This 
research was conducted ten years before the 
introduction of the first GE food on the 
market. Slovic noted several characteristics 
of the unknown and dreaded combination: 
‘not observable, unknown to those exposed, 
effect delayed, new risk, risks unknown 
to science, uncontrollable, dreaded, global 
catastrophic, consequences fatal, not equi-
table, risk to future generations, not easily 
reduced, risk increasing, and involuntary’ 
(p. 283).

A superficial understanding of Slovic 
would suggest that scientists and proponents 
of GE are doing it right – they are communi-
cating to the public that GE is safe and not 
dreaded, and that risks are knowable and 
acceptable. But this ‘science alone’ approach 
does not account for many other ethical con-
cerns that consumers have, some of which 
are highlighted in the paragraph opening 
this section of the chapter. For this reason, a 
bioethics ethics framework is useful (Beau-
champ and Childress, 2001; Hepting et al., 
2014). Mepham (2000) adapted bioethics 
into a framework for the analysis of novel 
foods. Mepham’s (2000) ethical matrix is 
useful in the discussion of consumer’s ethi-
cal tensions with regard to GE technologies. 
It takes abstract notions and maps their 
relationship to actual behaviors. The princi-
ples include: autonomy, non-maleficence, 
beneficence and justice.

Autonomy acknowledges a consumer’s 
right to make choices and take actions based 
on values. Non-maleficence means ‘do no 
harm’; the idea is that GE technology should 
not inflict harm intentionally. Beneficence 
relates to acts done to benefit others and to 
contribute to societal welfare. Justice con-
siders equity and the fair distribution of 
benefits and burdens.
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Some readers of these definitions may 
say ‘See, biotechnological advances meet all 
the ethical principles’, while others might 
say ‘See, there is clearly a problem with 
introducing biotechnological advances to 
the marketplace’. Why are there opposing 
perspectives of the science of genetic engi-
neering when viewed from a lens of ethics?

Rollin (2014, p. 511) calls the interplay 
among genetic engineering, science and eth-
ics a perfect storm, words used to describe 
‘untoward situations in all areas of life or 
society where the result is more problematic 
than the sum of its parts’. He blames both 
scientists and consumers. In the USA, peo-
ple are generally scientifically illiterate, and 
scientists have a poor understanding of eth-
ics and principles of effective communica-
tion. Since the removal of the Flavr Savr and 
Zeneca tomatoes from the marketplace, the 
US government, industry and many (but not 
all) scientists continue to stress, at the 
expense of other issues, the need to educate 
consumers about the science and safety of 
GE foods. Yet this focus has not appeased 
consumer concerns nor increased consumer 
acceptance of GE technologies. Known as 
the ‘science alone’ model, we as a society 
leave it to the experts to assess probabilistic 
risk and then to inform the public about it 
(Levidow and Carr, 1997; Grove-White and 
Szerszynski, 1992). But there are problems 
with this approach when viewed against 
the ethical principles of autonomy, non- 
maleficence, beneficence and justice, as 
explained below.

Autonomy

Autonomy has received the most attention 
as it relates to consumer concerns. The con-
sumer behavior literature has two core prin-
ciples that include value=benefits/price and 
‘show me benefits, not characteristics’ 
(Belch and Belch, 2012). Without autonomy, 
none of these can become choice criteria for 
consumers. When consumers cannot identi-
fy which products contain GE ingredients or 
were produced or partially produced using 
GE, they are unable to make a choice that 

may relate to any other of the four values. 
While the economic literature about GE has 
focused on consumer willingness to pay as a 
proxy for preference (e.g. Costa-Font et al., 
2008), many evaluative criteria that denote 
‘price’ for consumers are not purely mone-
tary, but also express social or psychological 
value. Monetary value is a function of the 
price paid and is relative to an offering’s per-
ceived worth. Functional value is what an 
offer does; it’s the solution an offer provides 
to the customer regardless of monetary 
price. Social value is the extent to which 
owning a product or engaging in a service 
allows the consumer to connect with others. 
Psychological value is the extent to which a 
product allows consumers to express them-
selves and is more personal. These and other 
food values can be tied to a person’s identity. 
For example, Lusk and Briggeman (2009) 
outline 11 food values, all of which can or 
will be tied to GE technology in one way or 
another: naturalness, taste, price, safety, con-
venience, nutrition, tradition, origin, fair-
ness, appearance and environmental impact.

The biotechnology literature does not 
directly link consumer autonomy with 
choices that are of value to consumers. 
Instead, it links autonomy with the inability 
to choose due to lack of disclosure, because, 
for instance, GE foods are generally not labe-
led in the USA. Dieterle (2016) goes deeper 
into the labeling discussion to the notion of 
informed consent, which includes both dis-
closure and consent. In this arena, the ‘sci-
ence alone’ approach becomes irrelevant. 
Instead, the consumer makes their decisions 
based on their individual assessment of GE. 
This is in contrast to the assertion that GE 
labeling is the opposite of autonomy (Carter 
and Gruère, 2003). It assumes that labels 
will increase dread; thus, products produced 
using GE will be eliminated from the mar-
ketplace and consumer autonomy will be 
reduced. Of course, this is an empirical ques-
tion. In the USA there are signs from studies 
that simulate a labeling environment sug-
gesting that dread does not increase and 
labels do convey information (Costanigro 
and Lusk, 2014; Liaukonyte et al., 2015; 
Kolodinsky, 2008, 2015). Evidence from the 
only US state that mandated GE labels in an 
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actual marketplace shows that labeling may 
actually increase support for GE technology 
(Kolodinsky, 2017). And, even without man-
datory labeling, there has been an emergence 
of voluntary labeling and signs that firms 
are producing products with and without GE 
ingredients. As the USA develops the stand-
ards for national mandatory labeling, the 
story will unfold.

Non-malfeasance

At the forefront of most people’s minds is the 
safety of GE foods, with no adverse health 
effects. The ‘science alone’ model is the basis 
for this. In the most comprehensive review to 
date by the National Academies of Sciences, 
the chapter devoted to safety concludes:

However, the research that has been 
conducted in studies with animals and on 
chemical composition of GE foods reveals no 
differences that would implicate a higher risk 
to human health from eating GE foods than 
from eating their non-GE counterparts . . . 
The committee could not find persuasive 
evidence of adverse health effects directly 
attributable to consumption of GE foods. 
(2016, p. 66)

The ‘however’ beginning the statement leads 
the curious reader to wonder why it is need-
ed. The report stated that no adverse health 
effects have been found using current meth-
ods, but also that the scientific community 
must find new methods of testing. There are 
27 findings in the chapter related to nega-
tive health effects. About one third of the 
statements relate to facts and current and 
emerging technologies (such as gene edit-
ing). About one third of the statements spe-
cifically say that GE foods have not been 
found to be related to kidney disease, obesi-
ty, celiac disease, allergies, autism or cancer. 
However, about one third of the statements 
indicate that current methods of testing are 
inadequate, association does not imply 
causation, significant differences have been 
found but are not out of a normal range, sig-
nificant differences are small, more studies 
are needed and that there is disagreement 
among scientists. In other words, we just 

don’t know everything now about the safety 
of GE food, given current evidence. Perhaps 
this is the reason the word ‘however’ is in 
the conclusion of the report. For readers 
wanting evidence counter to a ‘scientific 
consensus’ on the safety of GE technology, 
Krimsky (2015) and Hilbeck et al. (2015) are 
places to begin.

So why do consumers continue to ques-
tion the safety of GE foods? People prefer 
certainty and not probabilistic calculations 
of risk. The National Academies of Sciences 
report is not the only publication that has 
noted we may not have the right tests for 
new technologies (e.g. Bawa and Anilakumar, 
2013; Klümper and Qaim, 2014; Krimsky, 
2015). The National Academies of Sciences 
report also states that ‘change or risk could 
be something that has not even been consid-
ered, so the only effective testing is of the 
whole food itself ’ (2016, p. 178) and arrives 
at summary findings other than safety that 
exacerbate notions of uncertainty, including:

• The nation-wide data on maize, cotton and 
soybean in the USA do not show a significant 
signature of genetic-engineering technology 
on the rate of yield increase (p. 102).

• Both for insect pests and weeds, there is evi-
dence that some species have increased in 
abundance as intermediate resistance and 
high resistance crops have become widely 
planted (p. 136).

• Although gene flow has occurred, no examples 
have demonstrated an adverse environmental 
effect of gene flow from a GE crop to a wild, 
related plant species (p. 152).

• Both GE crops and the percentage of cropping 
area farmed with no-till and reduced-till prac-
tices have increased over the last two decades. 
However, cause and effect are difficult to de-
termine (p. 154).

• The economic effects of mandatory labeling of 
GE food at the consumer level are uncertain 
(p. 306).

The case of the herbicide glyphosate, 
which is not a GE product but is used in 
combination with some GE seeds, is also 
illustrative. A recent article on the safety of 
glyphosate concludes no scientific associa-
tion between glyphosate and cancer in a 
large study of certified pesticide applicators 
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(Andreotti et al., 2018). However, a compan-
ion article to Andreotti et al. adds an impor-
tant caveat. Comparing the study findings to 
historical research on benzene, Ward notes:

Evaluating the potential for glyphosate 
exposure to increase cancer risks in humans 
is important due to its widespread and 
increasing use in the United States and 
globally and indications of potential 
carcinogenicity from toxicologic and 
epidemiologic studies. Epidemiologic studies 
have inherent limitations with respect to 
cancer prevention as they generally detect 
elevated cancer incidence and mortality 
cancer hazard decades after carcinogen 
exposure begins. (2018, p. 2)

Taleb’s (2010) and Tversky and Kahne-
man’s (1974) narratives about uncertainty 
and risk are applicable here. The average cit-
izen is scientifically illiterate and does not 
understand probabilistic risk assessments 
in common discourse (Rollin, 2014; Blancke 
et al., 2015). But it is not the only discourse. 
Scientific illiteracy leads people to make 
‘irrational’ decisions (Tversky and Kahne-
man, 1974). In contrast, Taleb (2010) asserts 
that instinct and ‘gut feelings’ can also lead 
to good decisions. Thus, it is easy to see why 
tensions persist. Careful reading of the liter-
ature can cast some doubt on the safety and 
efficacy of current GE crops. Consumers 
who prefer certainty or have uneasy feelings 
about these technologies have not been 
appeased by information provided to date.

There is also debate about malfeasance on 
the part of Monsanto that does not deal 
directly with the safety of GE, but rather 
with the process by which GE technologies 
came to market. An early product produced 
using GE is rBST (recombinant bovine soma-
tatropin). Monsanto marketed (as early as 
1991) rBST to farmers before it gained fed-
eral approval and was determined safe to use 
on dairy herds. But reports obtained in 2009 
via the Freedom of Information Act showed 
the company knew that the drug caused 
more health and mastitis incidents and 
reproductive problems in cows than in a 
control herd, that intramuscular injection 
was unacceptable and that there was an 
increase in total cows affected and total days 
observed for hock abnormalities (FDA, 

2009). Simply stated, Monsanto sold a prod-
uct that it knew to be unsafe for dairy cows.

Two other examples are illustrative. The 
first is probable coordination between Mon-
santo and the EPA with regard to the possi-
ble carcinogenic effects of glyphosate and 
the second is Monsanto possibly exerting 
industry influence through ghostwriting. An 
email exchange between Monsanto execu-
tives Dan Jenkins (no date) and William 
Heydens (no date) explicitly suggests a 
Monsanto/EPA exchange:

NOW THE QUESTION – What are your 
thoughts on approaching EPA and having a 
conversation, probably a generic one, about 
what area they see as most problematic. . .?

In another email Heydens (no date) indi-
cates he has edited an expert panel sum-
mary, later published as Williams et al. 
(2016), finding no cancer relationship with 
glyphosate:

OK, I have gone through the entire document 
and indicated what I think should stay, what 
can go, and in a couple spots I did a little 
editing. I took a crack at adding . . . see what 
you think. . . .

While the emails indicate a different jour-
nal and set of authors, Dr Gary Williams 
ultimately was first author on the publica-
tion. There is a manuscript trail of Williams 
citing Monsanto researchers and specifically 
Heydens in an earlier publication (see Wil-
liams et al., 2000). Waldman et al. (2017) 
have a more popular press take on the issue 
of ghostwriting.

Another example about malfeasance on 
the part of Monsanto may be part of an 
unfolding story of Xtend soybeans. Brad 
Williams, a Missouri farmer, noted ‘I’m a fan 
of Monsanto. I’ve bought a lot of their prod-
ucts. I can’t wrap my mind around the fact 
that there would be some kind of evil nefari-
ous plot to put a defective product out there 
intentionally’ (Hakim, 2017, n.p.). The new 
soybean seed was genetically modified to 
resist both glyphosate and dicamba due to a 
growing pigweed problem. Monsanto began 
selling dicamba to farmers before EPA 
approval of a new way to spray dicamba, 
which is toxic not only to non-resistant vari-
eties of crops, but also to woody plants and 
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trees (Mericle, 2017; Nosowitz, 2017). The 
only alternative to waiting for approval 
would have been ‘to not sell a single soybean 
in the United States’, Monsanto Vice Presi-
dent of Global Strategy Scott Partridge told 
Reuters in an interview (Flitter, 2017).

A report by University of Missouri scien-
tists estimates that ‘2,708 dicamba-related 
injury cases [are] currently under investiga-
tion by various state departments of agricul-
ture around the U.S., and that there were 
approximately 3.6 million acres of soybean 
that were injured by off-site movement of 
dicamba at some point during 2017’ (Bradley, 
2017, n.p.). There is evidence that Monsanto 
knew of potential issues with selling seed, 
knowing farmers could not use the very her-
bicide the seeds were meant to resist. In this 
case the sale of Xtend soybeans did more 
than harm the revenue potential of individ-
ual farmers; it impacted millions of acres of 
soybeans and thousands of growers. As this 
story is still unfolding, the extent of damage 
and the remedy needed are still unknown. 
Regardless, it points to a strong possibility 
of intentional malfeasance on the part of a 
major company and no doubt will increase 
the ethical concerns of consumers about GE 
technology.

Can a ‘science alone’ approach be the best 
path forward when information after-the-
fact becomes available that discounts previ-
ous scientific statements about safety? And 
what about cases where companies move 
forward with the marketing of products 
before science has been allowed to weigh in 
on their safety? These questions imply that 
even an iterative ‘science alone’ approach is 
not sufficient in addressing consumer con-
cerns about GE technology. Yet, communi-
cation that GM technology is safe remains 
the message of the pro-GE community, even 
while the message of the anti-GE community 
is for science communication to reflect other 
values of importance.

Beneficence

According to a plant pathologist and geneti-
cist at the University of California at Davis, 

Dr Pamela Ronald, beneficence means a fo-
cus on tangible benefits:

All this arguing about what’s genetically 
modified is a big distraction from the really 
important goals . . . We need to produce safe 
and nutritious food that consumers can 
afford and farmers can make a profit from. 
And we need agricultural practices that 
enhance soil fertility and crop biodiversity, 
use land and water efficiently, reduce use of 
toxic compounds, reduce erosion, and 
sequester carbon. I think most everyone 
agrees on those general principles. (Berlin, 
2015, n.p.)

Dr Ronald is not touting GE technology 
as the only way forward, as has the popular 
press and a few stalwart scientists. Rather, 
she raises the issue of what benefits con-
sumers receive from GE foods. The case of 
Golden Rice is informative. Golden Rice was 
introduced as a silver bullet solution to 
world hunger (Nash, 2000). Monsanto and 
other biotechnology companies launched a 
US$50 million marketing campaign, includ-
ing US$32 million in TV and print advertis-
ing, asserting that ‘biotech foods could help 
end world hunger’ (Robbins, 2011, n.p.). But 
Golden Rice is still not available for use. 
Stone and Glover (2017) found that the 
anti-GE movement was not the impediment 
to commercialization. Dubock (2014) blames 
what he calls an antiquated protocol for bio-
safety to be the reason. Ethical tensions emerge 
and remain because science, industry, the 
public, governments and NGOs cannot arrive 
on the same page. The result is that the con-
suming public is left to self- determine bene-
fits and risks, often from unreliable sources.

There are so many websites that are prop-
aganda for both sides of the GE beneficence 
story. In fact, a Google search (on 20 Novem-
ber 2017) with the search line ‘will GMOs 
end world hunger’ revealed more than 
3,000,000 hits. Searching using the term 
‘GMOs will end world hunger’ revealed 
286,000 hits and ‘why GMOs won’t end 
world hunger’ returned 811,000. There are 
also published articles that take a stand on 
one or the other side of the debate about 
whether GE crops are necessary to solve 
world hunger (Jacobsen et al., 2013; Fedor-
off, 2015; Krimsky, 2015).
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The quote by Dr Ronald above suggests 
the need to have a cornucopia of methods to 
address world hunger and the future of agri-
culture. The Food and Agriculture Organiza-
tion of the United Nations (FAO) reports 
that world hunger is on the rise. In 2016, 815 
million people around the world were mal-
nourished (FAO, 2017). The United Nations 
Sustainable Development goal number 2 is 
to ‘end hunger, achieve food security and 
improved nutrition and promote sustainable 
agriculture’ (UN, 2017). The FAO reports that 
the major contributors to hunger include 
conflict, climate change related shocks and 
economic slowdowns (FAO, 2017). These issues 
go beyond planting of GE crops. They impact 
individual farmers, prices, food availability 
and trade, even when crops are planted.

The United Nations explicitly talks of 
resilient sustainable agriculture practices 
and the maintenance of genetic diversifica-
tion (UN, 2017). It also speaks of the need 
for increased agricultural production, which 
can include the use of GE seed. That said, 
lack of government investment in all types 
of agriculture, destabilization of currencies 
(which increased the price of food), increases 
in the price of fuel and shifts away from 
investments in infrastructure for agriculture 
were all cited as reasons for lack of progress 
in reaching sustainable development goal 
number 2 (UN, 2017).

The US government knew that GE was 
not a magic bullet solution. For example, 
former US Secretary of Agriculture Dan 
Glickman said this in a 2001 interview:

What I saw generically on the pro-biotech 
side was the attitude that the technology 
was good, and that it was almost immoral 
to say that it wasn’t good, because it was 
going to solve the problems of the human 
race and feed the hungry and clothe the 
naked. . . . And there was a lot of money that 
had been invested in this, and if you’re 
against it, you’re Luddites, you’re stupid. 
That, frankly, was the side our government 
was on. . . . You felt like you were almost an 
alien, disloyal, by trying to present an 
open-minded view on some of the issues 
being raised. So I pretty much spouted the 
rhetoric that everybody else around here 
spouted; it was written into my speeches. 
(Lambrecht, 2001, n.p.)

GE technology is one of many approaches 
that can have a positive impact on society. 
Failing to acknowledge the complexity of the 
hunger problem by GE proponents and fail-
ing to recognize the contribution of GE 
crops as part of a solution by GE opponents 
is not due only to ‘making a line in the sand’. 
It is also due to media’s necessity to provide 
soundbites about particular issues when they 
communicate to a larger audience. Unfortu-
nately, this perpetuates an ‘us against them’ 
mentality on both sides of the issue and con-
tributes to the problem of a ‘science alone’ 
approach to science communication.

Justice

If autonomy, non-malfeasance and benefi-
cence are less than clear with regard to GE, 
then justice is by far the most complicated. 
Justice implies what ‘should be’, a normative 
concept with no clear answers. Dryzek et al. 
(2009) use an interesting bi-polar scale that 
provides insight. On the one hand there is 
the precautionary approach, taken by much 
of the world except the USA. According to a 
United Nations report on the environment 
and development,

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. (1992, n.p.)

On the other hand is the Promethean view, 
which places faith in the capacity of humans 
to manipulate complex systems to their own 
advantage (Dryzek et al., 2009).

Social impact is a general form of justice. 
Fischer et al. define social impact as ‘the 
consequences to human populations of any 
public or private actions that alter the ways 
in which people live, work, pay, relate to one 
another, organize their needs, and generally 
cope with society’ (2015, p. 8600). The 
authors note in their review that economic 
impacts dominate the literature, while access 
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to benefits of GE are related to intellectual 
property rights and private industry domi-
nance, and that ‘well-being’ is not well studied. 
Loss of cultural heritage, loss of agricultural 
knowledge, loss of seed sharing can be added 
to the list. The Fischer et al. (2015) paper 
provides an extensive bibliography for read-
ers. These authors fall on the precautionary 
side of the scale; there is little evidence in 
the published literature that has accounted 
for justice-related issues that cannot be 
monetized.

Fairness is a concept related to justice. 
Hepting et al. (2014) identify issues of fair 
trade, affordable food, humanity, sustaina-
bility and environmental impact under this 
component of justice. Bennett et al. (2013) 
add intellectual property rights, appropriate 
roles of the public versus private sector in 
decision making and who makes decisions 
about regulation of GE technologies to the 
list of issues. These authors fall on the Pro-
methean side of the scale, as they explicitly 
point to the ability of scientists to calculate 
the risk probabilities of GE with regard to a 
host of outcomes, including justice.

What does this mean for the public? First, 
there is a clear split between those who 
believe in precaution versus those who believe 
humankind has more control over nature. 
Add to this the inability to agree on what 
constitutes well-being for a host of actors, 
including business, labor, individuals and the 
environment. Add to this a wide variation in 
beliefs of how decisions about GE should and 
are being made. Add to this uncertainty in 
even the most robust scientific studies of GE 
on safety and health. It is no wonder there 
remains polarization, uncertainty and ten-
sion about GE in the citizen arena.

Discussion

How do we account for ethical concerns that 
consumers have regarding GE technologies? 
Suggested principles of communication and 
tools from the ethics literature indicate that 
building trust and dialogue is paramount 
and relationships are key (Beekman and 
Brom, 2007; Medlock et al., 2007; Hepting 

et al., 2014; Rollin, 2014; Asveld et al., 2015). 
Top-down approaches to convincing con-
sumers that GE technologies are the answer 
to world hunger and agricultural productivi-
ty have not been convincing. Transparency 
has not been at the forefront in the develop-
ment of agricultural applications of GE. 
Consumers have not been able to observe 
the benefits of GE, as most benefits have ac-
crued to industry or farmers, and some ben-
efits are waning due to the increase in the 
development of herbicide resistance in weeds 
(Fernandez-Cornejo et al., 2014; National 
Academies of Sciences, 2016). Instead, the 
pro-GE community has been committed to 
using a ‘science alone’ approach. Public con-
sultations have been suggested as a gold 
standard, but it is difficult to engage large 
numbers of citizens in this way. Certifications 
have been suggested, which include using 
organic certification, of which use of GE in-
gredients is only one criterion. Seven ‘practical’ 
principles have been suggested to address 
moral and instrumental norms in food risk 
communication (Modin and Hansson, 2011):

 1. Be honest and open;
 2. Disclose incentives and conflicts of interest;
 3. Take all available relevant knowledge into 
consideration;
 4. When possible, quantify risk;
 5. Describe and explain uncertainties;
 6. Take all the public’s concerns into account; 
and
 7. Take the rights of individuals and groups 
seriously.

Interestingly, while these points were 
published in the Journal of Business Ethics 
and were about food safety risk, they are 
applicable to the GE issue as well. The 
authors assert that an instrumental justifi-
cation would be one that shows dishonesty 
makes it difficult to achieve non-moral goals. 
Dishonesty will be discovered and make the 
public suspicious of the business (Modin 
and Hansson, 2011). This has been shown in 
the case of GE in the above narrative in the 
section on non-malfeasance. In three cases 
that came to light after the fact (rBST and 
animal health, interference with scientific 
publication and pre-selling of Xtend soybeans) 
consumer trust in industry was eroded.
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Given controversy, debate and a contin-
ued inability to agree on the science of GE, 
at the very least consumer autonomy may be 
the cleanest path toward giving consumers 
choice, which can address their personal 
assessments of the use of GE in food produc-
tion. Labeling – voluntary and mandatory – 
is a viable solution.

By mid-2019, the USA will become the 
65th country requiring mandatory labeling 
of products produced or partially produced 
using GE or GE ingredients (Just Label It, no 
date). On 29 July 2016, President Obama 
signed into law the National Bioengineered 
Food Disclosure Standard (Public Law No. 
114-216), directing the USDA to establish a 
national standard to disclose certain food 
products or ingredients that are ‘bioengi-
neered’. While the exact method of labeling 
is currently being determined by the USDA 
(USDA, no date), consumers will be able to 
make autonomous decisions about foods 
produced using GM.

There are other, voluntary labeling arrange-
ments already in place. The Non-GMO Pro-
ject label

gives shoppers the assurance that a product 
has completed a comprehensive third-party 
verification for compliance with the  
Non-GMO Project Standard. When it comes 
to food labeling, third-party certifications are 
best because they ensure the claim is 
unbiased, rigorous and transparent.  
(Non-GMO Project, no date, n.p.)

And in 2015, the FDA issued guidance on 
voluntary labeling to indicate whether foods 
are derived from genetically engineered 
plants and from genetically engineered At-
lantic salmon (FDA, 2015a, 2015b).

The US approach to educate the public 
about the safety of GE has not appeased 
consumers, nor made any of these issues 
disappear. A ‘science alone’ approach has 
been unable to decrease polarization of con-
sumers in the GE debate. It is unlikely to 
decrease uncertainty in the future. There-
fore, providing consumers with tools that 
allow them to make their own decisions 
about GE through purchases in the market-
place may ultimately decide the future of 
these technologies in the USA, including the 

balance between food produced or partially 
produced using GE. By promoting an auton-
omous public, those who embrace GE tech-
nologies, those who do not embrace GE 
technologies and those who do not care 
either way will be able to advance their own 
preferences as individuals, given their val-
ues. While greater tension may remain at 
the public level, facilitating consumer choice 
can buffer the debate.
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