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Abstract

The controversies surrounding the use of geneticaly engineered ingredients in processed foods have
sparked globd public interest debate regarding the safety of the food syslem. The debate has raised
concerns about the posshbility that the consuming public will rgect foods with geneticaly modified
ingredients. Such rgections carry economic and politica risks that could create disruptions in the food
production, distribution and processing system with the potentid to inhibit internationd trade. This paper
identifies some of the issues that have fuded the geneticaly modified food debate and evaduates the
economic risks of genetically modified organiams (GMOs) in the food system.



Introduction

Agriculturd biotechnology is the gpplication of stience and engineering in the direct or indirect use
of living organisms, or parts or products of living organiams, in ther naturd or modified forms.
Biotechnology uses genetic engineering in the transference of specific genetic information or materia from
one organism to another. GMOs (with numerous variants of the name)* are organisms whose genetic
materids have been dtered by any technique including natura processes, mutagenes's, genetic engineering
or others (http://chc.calnews/in-depth/foodfight/hachey.html). A genetically modified plant=s cdl nucle
contain artificid laboratory-inserted gene or set of genes which are then taken up by the receptor-s
chromosomes.  The inserted genes may come from a different species, like a bacterium. Bt corn, for
example, contains a sequence of genes from the bacterium, Bacillus thuringiens's (discovered at the turn of
the century), which causesit to produce its own biopesticide (Center for Life Sciences, Colorado State
University, available on the World Wide Web or the Internet at http:/Amww.cnn.com).

Gendticdly Modified Organiams (GMOs) in manufactured food products made their debut into the
food system less than a decade ago, but they may have aready generated more controversy than that
associated with the entire green revolution. Much of the discusson on GMOs have focused on issues that
are rdated to the mord and ethicd dilemma associated with the unnaturd transfer of genetic materids
between species that could not otherwise occur naturdly, the release of artificidly created cropsinto the
environment with incomplete or limited consderation of long-term hedth and environmenta effects.
Opponents of GMO technology have daimed, aso, that genetic modification could bring about areduction
in crop diversity and generate long-term nutritiona uncertainty of the effects of diets containing GMOs.
Long-term effects of GMO-based nutrition may be different from what may be expected from traditiona
foods. Thelegd and ownership issues related to genetic materid are dso important issuesin GMOs.

Although the number of countries growing GM crops doubled, from 6 to 12 between 1996 and
2000, only three, the United States, Argentina, and Canada, account for 98% of total worldwide acreage
planted to dl geneticdly modified crops (ISAAA, 2000; Bese, Laurent. 2000,
http:/Aww.plant.uogue ph.calsafefood/archives/agnet-archives.htm, December 21; Table 1). About 100%
of the GM crop seeds planted in 2000 involved four main crops. soybeans, corn, cotton and canola that

! Other names for Genetically Modified indude: Genetically Engineered, Genetically Altered,
and Geneticaly Manipulated, among others. These labels are used interchangesbly throughout this
paper, and overs the genera term, Aagricultura biotechnologyf.
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have been modified for herbicide tolerance (73% of area planted), insect resistance (22%), and unstacked
traits of herbicide tolerance and insect resistance (5%). In the 2000 planting season, genetically modified
soybeans accounted for 58% of the total areasown to GM crops, maize (corn) accounted for 12%, cotton
accounted for 12%, and canola accounted for 7%. According to the ISAAA (2000), worldwide, GM
crops accounted for 34% of the 72 million hectares cultivated to soybean, 16% of the 34 million hectares
planted to cotton, 11% of the 25 million acres planted to canola and 7% of the 140 million hectares planted
to maize (corn). Overdl, about 16% (43 million hectares) of the world:s total crop area (273 million
hectares) are planted to transgenic crops. For example, Monsantas geneticdly modified seeds are planted
on 87% (86 million acres) of the total number of acres devoted to GM crops worldwide in 1999, an
increase of 48% from the 1998 figure of 58 million acres (avalable online at http:/Aww.rafi.org).
Worldwide, about 42.7 million hectares were planted to geneticaly modified crops compared to only 1.7
million hectares in 1996 and sdes of genetically modified crops rose from $75 million in 1995 to dmost
$2.3 billionin 1999. In spite of thistrend, consumersin countries trading with the U.S. have registered their
unhappiness with having modified ingredients in their foods (Prideaux, 2000; Vida, 2000; Gaskell, 2000;
Loader and Henson, 1998).

Objectives of paper

This paper (1) provides agenera background to issues surrounding the debate on GMOs in the
food system, (2) examines the economic risks and other marketing issues surrounding the GM foods
controversy, and (3) explores policy issues and consequences for domestic and internationd trade.

Data and M ethodology

Data used for this paper come from government and non-government publications. Food and
Agricultura Organization (FAO), the United States Department of Agriculture/Foreign Agricultura
Service/Economic Research Service, and the U.S. Department of Commerce publications and data are
used in accomplishing the stated objectives of this paper. Descriptive and quditative methodologies are
applied to data collected.

Findings and Discussions

The issues surrounding the introduction of GMOs in internationd agriculturd trade are quite
complex and promise to have sgnificant trade and other micro and macro economic effects. What effects,
the extent of the effects, when and how these effects can be measured will pose sgnificant chalengesto
stientigs, paliticians and lawmakersin countries that have been part of the internationd trading system for
the last few decades. For example, dthough the European soybean market Hill represents alucrative $1.1
billion to U.S. producers, loss of the European Union corn market has been estimated to cost the U.S.
$200 million per year snce 1998. The following discussion focuses on the economic risks of GMOs:

C Producer/consumer economic risks

American farmers are quite worried about who will buy their genetically modified crops and food
products. InaDecember 11, 2000 story inthe NY Times, David Barboza noted that genetically modified
corn promises to change the dynamics of the grain industry. Grain eevators must now be able to divide,
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gft, weigh, grind and sniff corn samples and check for Cry9C, for example, a protein found in some
genetically modified corn varieties. These checks have put tremendous burdens and additiond testing costs
on the natiores grain handling system -- Aalogigticd nightmared for traditiona eevators which were built to
handle alot of corn with processing capabilities that are not designed for this kind of grain segregetion.
Push for testing and segregating GM corn from non-GM corn is prompted by consumer demands in Japan,
Canada, Europe and other parts of theworld. To illustrate how far-reaching the grain segregation issue is,
grain elevators have dready issued warnings to farmers that they will no longer be accepting GM corn
because of pressures from big companies such as Archer Danidls Midland Corporation thet it will no longer
accept GM corn that do not have worldwide approva (Barboza, 2000). Unilever, UK and Nestle, UK,
recently dropped GM ingredients from their products, dthough their North American counterparts have not
yet done 0. Ontarices McCain Foods, as another example, refused to accept potatoes with inserted genes
designed to kill the Colorado potato beetle (Hill, 2000). So, farmers are Stting on millions of bushels of
GM crops harvests that are worth little and pondering whether or not to use GM seeds for next year=s
planting. H. J. Heinz had to replace ingredients in 37 of its product lines after it found that many of the
products in its baby food line contained GMOs. Heinz dso hed to find new non-geneticaly modified supply
sources for its cheese, corn and soy byproducts (Lgoie, 2000). In Brazil, aloca poultry company, Avipd,
was fined 500,000 Resais ($250,000) for importing 9 tonnes of GM corn from Argentina.

Inthe U.S.,, some 450 million bushds of corn in storage may contain StarLink, not approved for
human consumption, implying that they are only fit for usein anima feed or ethanal production. Any corn
that containsthe Cry9 proteinin 1 kerndl out of 2,400 kerndsis conddered unfit for human consumption.
A most recent effort by the USDA will compensate US seed companies for up $20 million for corn mixed
up with unapproved genetically modified variety through a program to buy back 300,000 to 400,000 bags
of corn (Washington Post, 2001). Therefore, the USDA using funds that are traditiondly used to assist
farmers facing naturd disasters, asssted in reducing the economic impact from contamination from
geneticaly modified corn in the food syssem. These kinds of Stuations pose economic chalenges with the
potentid of creating mgor disruptions for producers and consumersin internationd agriculturd trade. Grain
merchandisers are forced to keep track of the countries to which they can export products containing
GMOs and those to which they cannot. These Stuations pose serious economic risks to producers,
consumers and Processors.

C Economic risksarising from labeling

Labding iscontroversd (Runge and Jackson, 2000; Caswell, 2000; Unnevehr and Hadler, 2000)
and although there are no universal standards for acceptable GMO content in food products, there are
enough philosophica  differences to create trade disruptions when countries with [abeling
regulaions/guiddines sart to implement them. Non-tariff barrier to trade such as labeling could be used
to restrict world agriculturd trade. In the United States, efforts have been made to address the issue of
labeling in food products (Caswell, 2000). In the United States, the Nutrition labeling and Education Act
(NLEA) of 1990 was intended to address food manufacturers: pervasive, and sometimes unsubstantiated,
disease fighting daims about food. The law dso mandated more nutritiona information on food labels. In
1994, the Dietary Supplement Health and Education Act was passed as aresult of politica pressure from
the dietary supplement industry. The laws alowed companies to make clams for supplements without
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submitting evidence to the FDA.. 1n 1997, the Food and Drug Administration Modernization Act alowed
companies to make disease-fighting dams aslong as they had endorsement from federd research agencies.
Under the provisions of the law, companies could by-pass FDA approva to make the clams. Although
these regulatory efforts may have helped the consuming public, more still needsto be done in the area of
food labeling (Greenberg and Graham, 2000). Other rules and mgor events in US food labeling
chronology is offered in Golan et d., 2000. The National Food Processors Association, the voice for the
$460 hillion food processing industry supports the FDA:=s guiddines for voluntary labding of foods
have/have not been derived through biotechnology. Voluntary labeling can be used by processorsto offer
consumers additiona information about their products athough care must be taken to educate consumers
as to the fact that it is the plant sources of foods and food ingredients that are developed through
biotechnology and not the ingredients themsdves, arather ddicate distinction. Thisimpliesthat labels such
as AGMO-freell, Anat genetically modifiedd, and Afree of genetically modified organisms) may be inaccurate
and/or mideading, or may not be well understood by consumers. Even traditiona plant development
techniques may result in products that are Ageneticaly modified).

Deaysin authorization to import some Bt corn from the US by France cost US exporters about
$300 million in exports to the European Union (Cunningham and Unnevehr, 2000), to name afew. Only
about 2 million tons of the 42 million tons of US corn exports went to the EU in 1997. In 1998, only 0.3
million tons of the 41 million tons went to the EU. Factors that have been used to explain the declines
include bans of GM corn by France, Audtria and Luxemburg (Cunningham and Unnevehr, 2000: 642).
Similar declines have been documented for soybeans. Only 9 million tons (out of 26 million tons) of US
soybean exports went to the EU in 1997 and only 6 million tons (out of 20 million tons) were exported to
the EU. Despite resstance to GMO soybean, the EU remained a Sgnificant market for US exports. US
corn exports to selected regions and countries are presented in Table 2.

In November 2000, a two-year old lawsuit filed by activist groups led by the Center for Food
Safety based in Washington, D.C., amed at forcing the FDA to require labeling of foods containing
geneticaly modified ingredients was dismissed by adidtrict court judge. The court did not find that the FDA
violated any lawsin not requiring such labeling. The agency had earlier caled for voluntary labeling and
required marketers of geneticaly modified foods to have these products reviewed, a process that had been
aso largdy voluntary, a least up to now (Tomkies, 2000). Recently, the American Medica Associatiorrs
(AMA) Council on Scientific Affairs recommended voluntary labeling as a way to increase consumer
acceptance and knowledge of agricultura biotechnology, but indicated that Athere was no scientific
judtification for specid labeling of geneticadly modified foodsl (The Alliance for Better Foods, 2000 on
AgNet, Dec. 20; full report, CSA Reports, Report 10 of the Council of Scientific Affairs 1-00 online at
http://www.ama-assn.org/amalpub/print/article/2036-3604.html).  The AMA, however, noted that
government, industry, the scientific and medica community has tremendous respongihilities to educate and
make unbiased information on biotechnology research available.

The U.S. delegation, at the meeting of the Codex Committee on Food Labeling, dso indicated that
there was Ano scientific bags for systematic labeling of foods containing or obtained from geneticaly
modified organisms, and that only foods that differ sgnificantly from their conventiond counterpartsin terms
of composition, use, or nutritiond qudity should be specificaly labdedi (Caswell, 2000b: 672). On April
5, 2000 the US Nationa Academy of Sciencesissued areport that suggested that biotechnol ogically-based
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food products were no less safe than those produced with conventiond crops (http:/mwww.wif.org; so
archived on the Internet at http:/Aww.plant.uogu-d ph.cal'safef ood/archives/agnet-archives htm, December
21, 2000). The circumstance outlined above probably helps explain why the European Parliament rejected
an EU law that would make GM producers legdly respongble for any environmenta or public hedth
damages caused by their products (Morris and Powdl, 2001). Acceptance of this law would be another
setback for the European agribiotech producers. The new millennium round in trade negotiaions will have
impact on world trade rlationships and any discussions of GMO should be done within this context.

C Political risks

There are tremendous political pressures on who will be the first to implement any new agriculturd
biotechnologica innovation with revenue-generating potential. On December 12, 2000 European leaders
agreed to license new geneticaly modified foods for use in the European Union in February 2001. Inan
agreement by European Union (EU) Minigers of Parliament (MP), clearance will soon beissued for 14 new
geneticaly modified crops (including maize, potatoes, tomatoes and processed ails, for example) pending
EU licenang laws expected to take full effect in 2003. According to one EU MP, Awe must keep Europe
in the fast lane on biotechnology. We have GM products gathering dust on shelves in the European
Commisson waiting for licenses. The danger for Europeisthat it getsleft behind as Americaforges aheed
in the biotechnology race ... we must ensure that companies which meet these standards can put their
products on the market as soon as possiblel (Mead, 2000, p. 1). Important in this Satement is recognition
of the fact that whoever can drategicaly postion itsdf to be the first to go to the market with a
technologicaly improved commodity, sands to regp the benefits associated with such early entry. 1n 2000,
four companies with sizegble control of the agriculturd biotechnology market were: Monsanto, Aventis,
Syngenta and BASF in a descending order of size (http:/specia.northernlight.com/gmfoods/ind-
ex.html#mgor). Obvioudy, the Europeans would aso want to be the firgt in the agric-technology race, but
S0 does everyone ese. How far dong a country is on agricultura biotechnology will obvioudy affect its
perceptions of biotechnology. There are greater chances of acceptance where the country has congderable
experience with the new technology.

International Trade and Marketing I ssues

There seemsto be enough opposition of GMOsin mogt of the world to disrupt any potentid trading
involving the new crops. Japan, for example, has aready put in place amandatory screening program for
producers requiring them to screen foods that contain GMO by April 1, 2001 Prideaux, 2000).
Consumers in Russia, China, France and Austraia have dready expressed concerns about the safety of
GMO ingredientsin their food system (Vida, 2000). In November 2000, the administrator of the USDA:=s
Foreign Agricultura Service acknowledged that fears that US corn shipments may contain the engineered
variety have had sgnificant impacts on US exports. Jgpanese and South Korean purchases of US corn
dropped sgnificantly since the discovery of the StarLink bio-corn in the food supply system in September
2000 (Fabi, 2000). It isnot amaiter of if these expressons of concern will affect world trade in agriculturd
products, it is rather a matter of when, how and how large a scope. The differencesin GM food policies
between Europe and North America have led to what has been considered the AAtlantic Dividel because
North America lacks experiences such as the transmissble Mad Cow Disease (bovine spongiform
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ecephaopathy or BSE) of the 1980s and 1990s and the contamination of many food and anima products
in Belgium from the carcinogenic Dioxin of June, 1999 and are willing to do anything to keep their food cost
as low as possible (Cummingham and Unnevehr, 2000).

Policy issues and consequences for domestic and international trade

Labdling promises to be a very sore point between the United States and European governments
who hold the key to any regulations. There have been numerous articles for and againgt labeling (Runge
and Jackson, 2000; Caswell, 2000a,b; Unnevehr and Hader, 2000), to mention afew. Different labeing
policiesAact as non-tariff barriers, dtering the relationship between trading partnersi(Jackson, 2000: 661).
Although there seemsto be no universal stlandards for acceptable GMO content in food products, there
exis enough philosophica differences to creste huge trade disruptions when countries with labeling
regulations/guidelines sart to implement them.  For example, while the American Seed Trade Association
would like a 1% content of geneticaly enhanced materids before labeling seed bags for regection, the
European Union advocates for a 0.5% content as the standard (Bernard, 2000). A successful challenge
of labeling a non-tariff barrier to trade (Caswell, 20008) could end up dragging many countriesin the little
tested WTO mechanism for resolving disputes. One of mandates of the WTO isto ensure that countries
do not use unreasonable regulations to disrupt flow of internationa trade. Labeling, according to Caswell
(2000b: 671), isAparticularly important if it islinked to regulatory gpprova and market access § Labeing
of GMOs and GM foods are regulations that could disrupt trade since they act as non-tariff barriers to
trade. According to Perdikis, Kerr and Hobbs (2000), A[O]ne of the responghilities which has been
mandated to the WTO is determining when non-tariff barriers to trade are legitimate and when they are
being usad capricioudy to protect domestic vested interestsii (p. 692). The highlights of the Uruguay Round
of the GATT (1986-1993) were the Agreement on the Application of Sanitary and Phyto-Sanitary
Measures (SPS) and the Agreement on the Technica Barriersto Trade (TBT). The GATT was supposed
to ded with import quotas (non-tariff trade barriers) and domestic regulations pertaining to consumer
protection, such as labding, safety specifications, (technical barriersto trade). Under the SPSand TBT
negotiations, the best available scientific information should be used as the criteriafor establishing objective
border measures.  Science-based criteriawould prevent countries from establishing regulations to protect
domestic producers lobbying for protection. Under the agreements, safety and risk assessment were
recognized as Ardaivefl concepts, dlowing countries to specify their acceptable risk levels with the
requirement that these levels were not unnecessarily more stringent for imports than for same or smilar
domestic products. The WTO has desgnated three existing International Standards Organizations (1SOs):
the Codex Alimentarius Commission (food safety), Internationa Office of Epizootics (animd hedlth), and
the Secretariat of the Internationa Plant Protection Convention (plant health) to develop standards, provide
technical guiddines and, through consensus building agpproaches provide recommendations for
implementation. Under the TBT, the andards imposed from food labding must not be unduly cumbersome
relative to the benefits for consumers. The god here being that of preventing governments from imposing
high regulatory costs on importers without commensurate benefits to consumers. Unfortunately, none of
the agreements were supposed to ded with GMOs as was the case in the EU-US and EU-Canadian beef
hormone controversies.



Conclusions

The objectives of this paper had been to provide a genera background on issues surrounding the
debate on GMOsin the food system, examine the economic risks and other marketing issuesin the GMO
debate and consequences for domestic and internationd trade.  As this discusson shows, the issue of
gendticdly modified organismsin the food system isacomplex one. There are uncertainties as to what will
happen when countries have worked through the various policies that will ded with GMOs in trade.
Economics risks facing consumers and producers, and politica risks will continue to be important in
internationd trade in geneticaly modified foods.

GMOsin the food system will definitely affect internationd trade, creating huge economic effects.

Researchers are not quite sure of the extent and implications of these effects. The unsuccessful WTO
meseting in Seettle was quickly followed by the January 29, 2000 Cartagena Protocol on Biossfety in
Montred which, if rdified by the sgnatories, will give governments the right to decide whether the country
will accept any GMOs and under what conditions. This arrangement would give governments the right to
set domestic regulations that disallows GMOs when seen as a thregt to hedth, environment of safety of its
citizens (Nielsen and Anderson, 2000). Whether or not such freedom ties the arms of the WTO under the
previoudy negotiated SPS, TBT or the Trade Related Intellectua Property (TRIPS) agreements remain to
be seen (Ervin et d, 2000). Some have obvioudy argued that these previoudy negotiated agreements were
not meant to cover GM Os and consequently have no effect on any previous agreements. Because of the
complexitiesand novety of GMOsin internationd trade, the world=s trading partners may need to negotiate
anew st of rulesthat will enhance tradein GMOs and GMO-related products.

Regardiess of how it is presented, the issue of GMOs in internationd trade will generate
discussons, debates and controversesfor yearsto come. With the controverses and disagreements among
key partnersin internationd trade, there will be disgppointments and frudtrations about Geneticaly Modified
Foods (GMFs) in the agro-food system. How the disputes arising from GMFs will be resolved will sgnd
anew beginning in the emerging globa economy. This pagper successfully discussed the issues surrounding
geneticaly modified foods including the economic risks to producers, consumers and governments.
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Table 1. Key Growers of Genetically Modified Crops (GMOs) and Area Under Cultivation

Country Hectar es Planted Change, 1999 - 2000
United States 30.0 +1.6
Argentina 9.0 +2.1
Canada 3.0 -1.0
China 0.5 +0.2
South Africa 0.1 not available
Audrdia 0.1 not available
Mexico not available not available
Romania not available not available
Ukraine not available not available
Spain not avallable not avallable
Germany not avallable not avallable
France not available not available
Tota 42.7 +3.1

Source: http://www.isaaa.com
1 hectare is approximately equal to 2.4713 acres



Table 2. U.S. Exportsof Corn and Soybeansto Selected Regions/Countries, 1997 - 2000.

Corn Soybeans
(10° metric tons)’ (10° metric tons)

Regior/ 1997 1999 2000 1997 1999 2000
Country Jan-Dec | Jan-Dec | Jan-Dec | Jan-Dec | Jan-Dec Jan-Dec
Africa 3.95 6.69 6.46 0.11 0.28 0.23
Ada 27.68 31.45 26.73 11.68 12.14 14.94
European Union 1.56 0.09 0.07 8.96 6.46 6.10
Japan 15.45 15.33 14.87 3.70 3.68 3.58
South Korea 3.44 6.16 2.29 1.25 117 1.34
Canada 1.03 0.97 1.49 0.26 0.33 0.33
China (Taiwan) 5.44 4.73 4.72 2.27 1.95 1.93

" 1 metric ton = 2,204 pounds.
Source: ERSUSDA. FATUS Report. Available online a http://ww.ers.usda.gov/db/fatus/
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