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Genetic Engineering: A Technology Ahead of the Science and Public Policy?
Genetically engineered (GE) food is and should be controversial. However, one voice has tended to dominate official discourse on the subject - that of the agri-business industry. These corporations and their paid public relations spokespersons have claimed: that GE food is identical to foods bred by selective (traditional) breeding; GE food is safe; GE food is associated with good environmental practices; and GE food will cure world hunger. Federal regulators have largely left these claims unchallenged, permitting the industry to introduce GE food rapidly and widely without producing scientific evidence to back their claims. 

The public is skeptical. There is a growing popular movement that is critical of GE food promises and suspicious of its industry proponents. In other countries, consumers have flatly rejected GE food, and opposition to GE food is growing in this country. I believe that GE food is an example of a radically new technology, the massive commercialization of which has out-paced science and public policy. 

In this article, I wish to examine the industry's claims and scrutinize federal actions. I will then present alternatives. 

Is GE Food Just Like Traditional Food? 

There are significant and obvious differences between the genesis of traditional food and the manufacturing of GE food. Scientists note that conventional breeders rely on processes that occur in nature (such as sexual and asexual reproduction) to develop new plants. By contrast, genetic engineers use "gene guns" and bacteria among other methods to forcibly insert or "smuggle" foreign genetic material into a plant or animal.1 Genetic engineers also use genetic elements such as viruses which "turn on" the foreign genes in the new host organism as well as genes for antibiotic resistance that mark which cells have accepted the foreign genetic material. 

Conventional breeders are bound by species boundaries that allow them to transfer genetic material only between related or closely related species. By contrast, the very purpose of genetic engineering is to allow scientists to transfer genes from completely unrelated life forms, creating such concoctions as corn that exudes toxins found in soil bacteria or tobacco that glows due to the insertion into its genome of a firefly gene.2 

Scientists warn that genetic engineers cannot always accurately predict the outcome of their experiments. Many scientists argue that the genetic engineering process is inherently unpredictable3 and that genetic engineers are operating with incomplete knowledge about how genes interact with each other and with their external environment. While genetic engineers can with some precision locate and isolate a trait or gene to be inserted, they cannot control with any precision where that gene will be inserted into the host plant or how it will interact with other genes in the host plant. The new gene may disrupt the function or regulation of a plant's existing genes.4 

Field trials and lab research have documented the unpredictable nature of GE plants. In a 1990 study, scientists attempted to suppress the multiple colors of petunia flowers by turning off pigment genes in the plant. Researchers predicted that all the engineered flowers would be the same color. The flowers, however varied in terms of the amount of color in their flowers and in the pattern of color in individual flowers. Some flowers also changed color as the season changed.5 

The unpredictability of GE crops was further highlighted in 1997, when farmers growing GE cotton reported that the plants had stunted growth, deformed root systems and produced malformed cotton bolls.6 

Is GE Food Safe? 

Despite endless reassurances by biotechnology companies and the Food and Drug Administration (FDA) that GE food is safe to eat, several concerns have arisen. Genetic engineering has the potential to introduce new allergens and toxins into food, increase levels of natural toxins, reduce the nutritional quality of food and increase the rate of antibiotic resistance in bacteria. Yet, our experience with GE crops is limited. They have only been growing on a wide scale for five years and, consequently, have only been part of the American diet for the same amount of time. The long-term consequences of a diet of GE food are therefore unknown. To date, not a single peer-reviewed study has been conducted on the long-term consequences for humans of eating a diet of GE food. Moreover, without segregation and labeling protections in place to inform consumers about what they are eating, it will be difficult to pinpoint and monitor whether the presence of GE material in food products is impacting human health.7 

The lack of long-term safety studies has correctly led the Environmental Protection Agency (EPA) to not approve StarLink corn for human consumption because of concerns with potential allergens. Unfortunately, this corn was found in Taco Bell taco shells found on our grocery stores. Kraft foods, the maker of these taco shells, recalled 2.5 million boxes of these contaminated shells. 

Environmental Impacts Associated with GE Food 

Despite claims that GE crops will help the environment, to date, the main focus of biotechnology has been to generate herbicide resistant crops and pest and disease resistant crops - crops that encourage more intensive use of pesticides. The failure of GE to move agriculture in a more sustainable direction is a serious threat to the environment. 

Equally serious is the threat of genetic pollution which is potentially irreversible. Studies are revealing that predictions of gene flow, harm to beneficial insects, insect resistance, and the possibility that GE crops could become weeds are already coming true. Early experiments showed that pollen from GE herbicide resistant canola could spread to their wild relatives - radish plants - in nearby fields, highlighting the possibility of new "superweeds."8 More recently, a Canadian farmer, who had planted three different GE herbicide-tolerant crops, reported that a canola plant in his field was resistant to the three different herbicides.9 Cross pollination by GE crops has contaminated organic crops, in one instance forcing an organic tortilla manufacturer to recall 80,000 bags of tortilla chips. The threat of cross pollination has also prevented organic farmers from planting certain crops in some parts of the country. 

Numerous studies have shown the potential fallout of transgenic "insect-resistant" crops on the environment. Both lab and field studies have confirmed that pollen from B.t. corn is lethal to monarch butterfly larvae.10 Swiss entomologists have found that lacewings and lady bugs are negatively impacted when they feed on organisms that have ingested the GE corn.11 Research undertaken at the New York University shows that contrary to expectation, B.t. toxins bind to soil particles and can persist in the soil for up to 250 days.12 These toxins have been shown to harm soil microorganisms that break down organic matter.13 

Given that half of our cotton crop and nearly one-third of our corn crop are GE "insect resistant" varieties, it is alarming that such studies were not conducted earlier, underscoring the fact that the experiment with GE crops is taking place in farmers' fields and on consumer plates rather than in controlled, laboratory settings. 

Insect resistance to the B.t. toxin poses a serious threat for organic farmers who use the toxin in a natural spray as part of an integrated pest management scheme. A study published in Science found that a common pest of cotton was able to build up resistance to insect resistant varieties very quickly.14 If the toxin is rendered useless, organic farmers will be deprived of an essential tool. 

Not content with simply engineering food crops, biotechnology companies are introducing new test tube "products." GE engineered salmon that are close to commercialization may be able to "outcompete" wild salmon in reproduction and further deplete this endangered species. Genetically engineered trees are also in the product line and may introduce ecological threats to our national forests. 

Can Biotech Feed the World? 

There is no question that the nations of the world must take action to stop global hunger. It is a travesty that 800 million people go hungry each day.15 Biotech proponents argue that genetic engineering is the solution to the problem because it will increase crop yields to feed a growing population. A techno-fix, however, ignores the root causes of hunger. 

Hunger persists today despite the fact that increases in food production during the past 35 years have outstripped the world's population growth by 16%. Indeed, the United Nations Food and Agriculture Organization recently stated that growth in agriculture will continue to outstrip world population growth.16 The Institute for Food Policy notes that there is no relationship between the prevalence of hunger in a given country and its population. The real causes of hunger are poverty, inequality and lack of access. Too many people are too poor to buy the food that is available (but poorly distributed) or lack the land and resources to grow it themselves.17 

The much heralded "Green Revolution" was an example of the failure of new technology applied to farming to reduce hunger. Using the technology, developing countries significantly increased crop yields, but they nevertheless failed to eliminate hunger, because they failed to address the root social and economic causes of hunger. Furthermore, the Green Revolution exacerbated poverty and social inequality. It favored larger, wealthier farmers who could afford the new high yielding crop varieties and the chemical fertilizers, pesticides, and irrigation systems that accompanied them. Left behind were poorer farmers unable to afford such inputs. In the meantime, the heavy use of chemical fertilizers and pesticides generated resistant pests and degraded the fertility of the soil, undermining the very basis for future production. 

The growing use of patents to "protect" biotechnology innovations also threatens subsistence farmers in the developing world and could exacerbate hunger. Patents have been taken out on plants, animals, bacteria as well as genes, cells and body parts. Sanctioned and imposed by the global trading system, this "commodification of life" has allowed multinational companies to patent staple crops in developing countries such as yellow beans in Mexico, South Asian basmati rice as well as medicinal herbs, livestock and marine species.18 Such a predatory system threatens to enable companies to maximize their control over farming processes and the world's food resources. 

Landmark studies are showing that traditional farming methods, including multi-cropping and small scale techniques are proving to be just as effective in producing high yields as "conventional farming.19 Most recently, in one of the largest agricultural experiments ever, thousands of rice farmers in China were able to double the yields of their crops simply by planting a mixture of two different rices - a practice that did not require using chemical treatments or investing any new capital.20 Clearly, these types of farming methods are suited to local needs and eco-systems. They will protect the environment and increase an affordable food supply. Biotechnology, however, will likely repeat the failure of the Green Revolution's fertilizers and pesticides. Biotech will not solve the problem of world hunger but may exacerbate it. 

Federal Regulatory Action to Date 

Federal regulatory review of biotechnology products is patchy and inadequate. Spread out over three regulatory agencies - the Food and Drug Administration (FDA), the U.S. Department of Agriculture (USDA) and the Environmental Protection Agency (EPA) - the system is characterized by huge regulatory holes that fail to safeguard human health and environmental protection. Furthermore, independent scientific advice available to the agencies is severely limited. 

Despite the fact that GE food may contain new toxins or allergens, the FDA determined in 1992 that GE plants should be treated no differently from traditionally bred plants. Consequently, the FDA condones an inadequate pre-market safety testing review and does not require any labeling of GE food products. The FDA has essentially abdicated these responsibilities to the very companies seeking to market and profit from the new GE products. FDA's recent proposed rule for regulating biotechnology will hardly change the present system. Although the proposal requires that companies notify the Agency before marketing new GE products, it still fails to require a comprehensive pre-market safety testing review or mandatory labeling. 

The FDA's 1992 decision to treat GE food as "substantially equivalent" to conventional food (thereby exempting most GE food on the market from independent pre-market safety testing or labeling) is a violation of the public's trust and an evasion of the Agency's duties to ensure a safe food supply. The concept of "substantial equivalence" has been challenged in numerous scientific journals.21 FDA's failure to label GE foods led a 1996 editorial in the New England Journal of Medicine to conclude that "FDA policy would appear to favor industry over consumer protection."22 

EPA's regulation of environmental hazards is equally inadequate. Under the nation's pesticide laws, EPA regulates biological pesticides produced by plants. It does not, however, regulate the plants themselves, leaving that duty to the USDA. Consequently, EPA regulates the B.t. toxin, but not the corn, cotton or potato plants exuding the toxin. EPA has allowed B.t. crops to come to the market without conducting a comprehensive environmental review. Much further research is needed on the impacts of "pest protected" crops as outlined by a National Academy of Sciences report.23 For plants engineered for other traits, such as herbicide tolerance or disease tolerance, EPA does no environmental review at all. 

The USDA's Animal Plant and Health Protection Service (APHIS) is charged with evaluating potential environmental ximpacts of field tests of GE crops. However, having virtually abandoned its original permit system which required an environmental impact assessment before a field test, the Agency can no longer claim to be doing its job. APHIS has adopted a much less rigorous "notification" system which permits researchers to conduct field trials without conducting an environmental risk assessment and without submitting specific environmental impact data.24 

The National Academy of Sciences (NAS), the premier scientific body in our nation, has recently published a scientific assessment of GE foods. Unfortunately, many of the scientists on the NAS review committee had financial links to the biotech industry. The failure of the NAS to find an unbiased panel is problematic because their mission to supply decision makers and the public with unbiased scientific assessments cannot be achieved. This reduces the lack of independent science for our regulatory agencies to rely upon.25 

Popular Demand for an Evolution in Policy Regarding GE Food 

A strong testament to consumers' desire for labeling and greater safety testing of GE food is the flurry of legislative activity and ballot initiatives that have taken place at the state and local levels. Over the past year, the city councils of Boston, Cleveland and Minneapolis have passed resolutions calling for a moratorium on GE food, and Austin has called for the labeling of all GE food. Boulder, CO has banned GE organisms from 15,000 acres of city-owned farmland. Bills requiring labeling of GE food were introduced in the state legislatures of New York, Minnesota, California and Michigan. The state legislature in Vermont considered legislation that would require farmers to notify the town hall if they were planting genetically engineered seeds. In California, a task force is exploring whether schools should be serving GE food, and in 1999 a petition signed by over 500,000 people demanding labeling was submitted to Congress, President Clinton and several federal agencies including the FDA. 

In survey after survey, American consumers have indicated that they believe all GE food should be labeled as such.26 Consumers have a right to know what is in the food they eat and to make decisions based on that knowledge. While some observe strict dietary restrictions for religious, ethical or health reasons, others simply choose not to be the first time users of these largely untested foods. 

The failure to label GE crops and food is short-sighted and could close off key markets for US farm exports. Labeling protections have been established in Europe, Japan, South Korea, Australia and New Zealand. The Cartagena Biosafety Protocol drafted early this year allows nations to refuse imports of GE organisms. 

Other Impacts of GE Foods Deserving Attention 

The gene revolution is being led by the agri-business industry. These are a handful of multinational companies which own much of the world's supplies of seeds, pesticides, fertilizers, food and animal veterinary products.27 The result of numerous acquisitions and mergers, the agri-business conglomeration has spent millions of dollars on research and development of GE products. Given such heavy investment, it should come as no surprise that its primary goal is to recover its expenses and turn a profit. 

It is to profit-seeking companies, therefore, that we are ceding the right to re-engineer the earth – our plants, our food, our fish, our animals, our trees, even our lawns. Genetic engineering in agriculture should be considered a commercial venture that includes the privatization of agricultural knowledge through the patenting system and the increasing concentration of key agricultural resources in a handful of multinational agricultural companies. 

Marketed by agri-chemical companies, genetic engineering in agriculture promises to perpetuate the present industrialized system of agriculture - a system characterized by large farms, single cropping, heavy machinery and dependence on chemical pesticides and fertilizers. Such a system has consolidated acres into fewer and larger farms, marginalizing small farmers and reducing the number of people living on farms and in rural communities. 

With a goal of marketing GE seeds worldwide, genetic engineering will continue the trend of industrialized farming to reduce crop diversity, making our food supply increasingly vulnerable to pests and disease. The Southern Corn Leaf Blight which in 1970 destroyed 60 percent of the US corn crop in one summer, clearly demonstrates that a genetically uniform crop base is a disaster waiting to happen. The linkages of genetically engineered seeds and pesticides, such as Monsanto's GE Roundup Ready Seeds will ensure continued use of agricultural chemicals. 

Genetic engineering is likely to further diminish the role of the farmer. GE seeds are designed to be grown in a large scale agricultural system in which farmers become laborers or "renters" of seed technology.28 Desperate to increase their yields to make up for low prices, many US farmers have adopted the "high-yielding" GE seeds. In doing so, they have been forced to sign contracts legally binding them to use proprietary chemicals on their transgenic crops and in some cases to permit random inspections of their fields by biotechnology company representatives who check that farmers are not saving and reusing the licensed seed. Despite the premium farmers pay for high tech seeds, they receive no warranty for the performance of these seeds as the contracts protect biotechnology seed companies in the event of seed failures. 

A Protective Regulatory Structure 

Despite the uncertainties associated with genetic engineering, nevertheless, GE crops covered 71 million acres of U.S. farmland last year,29 and GE ingredients are present throughout the food supply. Ranging from ice-cream and infant formula to tortilla chips and veggie burgers, foods produced using genetic engineering line our supermarket shelves. These foods are unlabeled and have not been appropriately assessed for safety. Consumers, therefore, are unwitting subjects in a massive experiment with their food. 

Our regulatory system has clearly failed to ensure the protection of human health, the environment and farmers. In response I have authored legislation in the 106th Congress that would fill the regulatory vacuum. 

To ensure food safety, I have introduced a bill that requires that GE food go through the FDA's current food additive process, acknowledging that a food is fundamentally altered when a new gene is inserted into it. The review process would look at concerns unique to GE products including allergenicity, unintended effects, toxicity, functional characteristics and nutrient levels. 

To date, the public has been largely left out of the biotechnology regulatory process, and that needs to change. Consequently, I propose that the FDA conduct a public comment period of at least 30 days once a completed safety application is available to the public. All studies performed by the applicant must be made available including all data unfavorable to the petition. The FDA should also maintain a publicly available registry of the GE foods for which food additives are pending or have been approved. 

When the FDA was called upon to confirm the Taco Bell taco shell contamination for a possible regulatory enforcement action, it was unable to do so because it lacked the necessary testing protocols. The FDA should correct this failure by immediately creating testing protocols for all GE foods and test for potential contamination in these foods. Until then, the FDA cannot determine the ingredients in our food supply, it is unlikely that the FDA can ensure the American public that other foods are not contaminated. 

I have also introduced a bill requiring mandatory labeling of GE foods or foods containing GE ingredients so that American consumers can make informed choices about what they are eating. Packaged foods carry nutritional labels, drugs and medications come with descriptions of their contents. There is no reason that GE food should not also be labeled granting consumers their fundamental right to know what is in their food. 

Clearly, environmental regulations for the release of the GE organisms need to be strengthened. Similarly, the USDA allows field trials of all GE plants that prevent adequate assessments of the environment risks posed by these plants. Though genetically engineered fish are predicted to be commercialized by 2001, it is still unclear which agency will regulate them. The US Fish and Wild Life Service as well as the National Marine and Fish Service must play a role in developing regulations for GE fish. 

Finally, Congress should hold hearings on the failure of the regulatory agencies in protecting the American public. 

Conclusion 

The controversy surrounding genetically engineered food should not be a surprise to anyone. The mechanical manipulation of genes in the food one eats instinctively raises questions of health and safety. We instinctively trust farmers to grow and raise our food, but we must question the motivation of large corporations who want to create impure food for pure profit. When we feed our family, we don't take chances. If we are not sure how old the leftovers in the back of the fridge are, we throw them out. And as long as we are not convinced that this new technology is flawless, people should be hesitant to serve genetically engineered food to their children. New technologies always have unforseen effects. The American consumer does not want to be a part of an experiment at their dinner table. 
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