

Introduction:

	According to Monsanto, glyphosate herbicides (N-(phosphonomethyl)glycine) are claimed to be “among the world’s most widely used herbicides.”1 The first glyphosate herbicide was introduced in 1974 by the Monsanto corporation.  The company claims that “Roundup” has “had significant consequences upon the production of agricultural food and fiber as well as upon agricultural practices throughout the world.”1 Glyphosate herbicides are believed to have “transformed global agriculture, freed millions of people from drudgery of manual weed control, and vastly diminished the constraints on productivity imposed by perennial weeds.”2 By all measures, glyphosate is thought to be the “world’s leading agrochemical, the chemical that has enabled the development of novel and sustainable agricultural systems, and the chemical that has facilitated the production of cheap and wholesome foods.”2  
	Glyphosate has become a global herbicide because of its versatility in controlling a very broad spectrum of weeds under varied agricultural, industrial, and domestic situations.  It is a non-selective herbicide that is effective in killing all plant types including grasses, perennials, and woody plants.2  The herbicide is absorbed into the plant through the leaves and soft stalk tissue.  It is then transported throughout the plant and acts on various enzyme systems inhibiting amino acid metabolism.  Glyphosate inhibits the shikimic acid pathway.  Therefore, without these amino acids, the plant cannot make proteins required for various life processes, resulting in the death of the plant.2   The shikimic acid pathway exists in higher plants and microorganisms but not in animals.  Therefore, because it was originally thought that animals would not be harmed, glyphosate was taken as the ideal pesticide.6

A Pesticide may Harm more then the Target Pest:

	Numerous studies have examined the toxicity of the Roundup herbicide to non-target organisms.  Much of the available information reveals that formulated glyphosate products are more toxic to organisms than the glyphosate acid active ingredient alone. A great deal of the harmful effect of Roundup is thought to be due to the toxicity of the surfactant used in the formulation.  The common surfactant used in the Roundup Original and Roundup Transorbs formulations is polyoxyethylene amine (POEA).3  A study conducted in 2004, showed that “environmentally relevant” concentrations of several Roundup herbicides had significant effects on a common North American tadpole, Rana pipiens.3  When the tadpoles were chronically exposed to environmentally relevant concentrations of POEA or glyphosate formulations containing POEA, they demonstrated decreased snout-vent length (decreased size) at metamorphosis, increased time to metamorphosis, and tail damage.  In addition, between 10 and 25 percent of the Roundup-exposed tadpoles were intersex (having abnormal sex organs).  The effects were through to be caused by disruption of hormone signaling, because thyroid hormone receptor $ mRNA transcript levels were elevated by exposure to formulations containing glyphosate and POEA.3 
	Furthermore, a 1997 study showed that a Roundup herbicide caused damage to the genetic material in bullfrog tadpoles.  The biologist conducting the study concluded that its “genotoxicity at relatively low concentrations” was of concern.4
	In addition, glyphosate applications can indirectly impact the population densities of numerous other organisms.  For example, glyphosate use has been shown to impact birds when the plants killed by the treatments reduce the birds foraging grounds and shelter.  Glyphosate treatment of forests after logging has been shown to reduce the nesting success of songbirds.6  According to the U.S. Geological survey, treatment of cattail marshes with the glyphosate herbicide, Rodeo, has reduced populations of the marsh wren and the sora.5 
	Spider populations are also indirectly affected by herbicide treatments.   A study demonstrated the effects of Lepthyphantes tenuts to glyphosate applications. The study shows that the roundup herbicide caused the numbers of spiders to be reduced by over 50 percent because of the loss of refuge for these invertebrate predators.7

A Pesticide May Remain a long time in the environment:

	Glyphosate is moderately persistent in soil, with reported half lives ranging from 1 to 174 days.8   In soils and plants, glyphosate metabolizes to a non-persistent metabolite, aminomethylphosphonic acid (AMPA).  Glyphosate is degraded in soils mainly because of microbial activity, chemical decomposition, and photolysis.8  
	When glyphosate comes into contact with soils it is thought to be inactivated relatively quickly. It is strongly adsorbed to most soils by bonding to layer silicates, metal oxides, non-crystalline materials or organic matter.  Degradation of the adsorbed glyphosate is notably slower than that of free glyphosate; thus the adsorption process makes the herbicide more persistent in soil.8  
	However, adsorption of glyphosate appears to be a reversible process.  Glyphosate has been reported to have a residual activity towards some plant species.  It has been shown that damage to maple trees increases during the second year following treatment with glyphosate, and that clover planted 120 days following treatment showed reduced nitrogen fixation and growth.9   These findings imply that glyphosate which was bound to the soil particles appear to remain active and may be released from soil and taken up by plants.
A Pesticide May Travel Far:

	When a pesticide is applied, there is always the chance of non target species being effected by the pesticide escaping from the target area.  This is known as pesticide drift.  Drift is greatest from aerial applications, when typically about 40 percent of the pesticide applied is lost.  The drift causes illnesses and injury to both the plants and people exposed.  In 1991 in California, over 350 illnesses and injuries were reported as a result of drift.10 
	In order to quantify exactly how far pesticides can drift, the Northwest Coalition for Alternatives to Pesticides examined 16 studies. Typical estimates of pesticide drift following aerial applications ranged from 100 meters (330 feet) to 1600 meters (5250 feet).  However, in virtually every study pesticides were detected as far away from the application as samples were taken.10  Therefore, these numbers cannot even give a definite answer to the question of how far pesticides can drift.
	In 1999, the American Association of Pesticides Control Officials surveyed agencies and determined that glyphosate was the second most common pesticide; only the herbicide 2,4-D caused more complaints.6  One case involving 2,4-D was in Central Washington.  Winds and hilly terrain combined to cause 2,4-D drift for 10 to 50 miles.10
	In addition, pesticides may leach in to groundwater or runoff into rivers and streams and travel to non target sites. Numerous studies have found glyphosate or glyphosate’s primary breakdown product, AMPA (aminomethylphosphonic acid) as water contaminants.12  A study conducted by the U.S. Geological Survey as part of the Toxic substances Hydrology Program examined streams in the Midwestern United States to determine the geographic and seasonal distribution of herbicides.  Of the 51 streams examined, glyphosate was found in substantial quantities in 21 of the streams collected.  Furthermore, AMPA was found in 43 of the samples.11

A pesticide may become more poisonous in the presence of other chemicals:

	Synergism, or synergistic effect, refers to the action of two different effects acting together to create a greater effect than the sum of the actions produced by each acting independently.  Determining the joint action of herbicides is a pre-requisite for designing optimum herbicide mixtures.  Therefore, in 2003, the Danish Institute of Agricultural Sciences examined the joint action of binary mixtures of the amino acid biosynthesis-inhibiting herbicides glyphosate, glufosinate-ammonium, metsulfuron-methyl, and imazapyr.  Sinapis arvensis and Salix alba were sprayed with seven doses of the herbicides alone and binary fixed-ratio mixtures of the four herbicides.  Of the chemicals used, synergism was observed most frequently for mixtures of glyphosate or glufosinate-ammonium with metsulfuron-methyl.  Another interesting trend was that synergism was more pronounced for commercial formulations of glyphosate and glufosinate-ammonium than for the chemicals alone.  This implies that part of the synergistic effects were due to the formulation constituents of the commercial products.13 When testing for environmental effects and toxicities of pesticides, the formulations are tested individual.  Therefore, it is important that scientists quantify the synergistic effects of the pesticides used in our generation to determine if different combinations of chemical formulations are having a greater environmental effect then we had originally imagined.

A pesticide may poison by methods different than those intended:

	Glyphosate herbicides have been shown to not only affect the shikimic acid pathway, but also are linked to increased problems with a variety of plant diseases.  
	In a study conducted by scientists at Agriculture and Agri-Food Canada, glyphosate herbicides where shown to increase the severity of fusarium head blight in cereal crops.14 Furthermore, studies have demonstrated that glyphosate herbicides increase the severity of Pythium root rot in sugarcane, 15 and white mold in soybeans.16
	Glyphosate has also been found to effect the growth, nodulation, and nitrogen content of some plants.  Glyphosate effects were examined in greengram inoculated with Bradyrhizobium sp. The application of glyphosate, at 2 mu g a.i. g(-1) of soil, significantly reduced the nodulation (nodule number and dry mass).  Nitrogen content in the whole plants decreased gradually with herbicide rates both at 35 and 50 days after seeding.17  

A pesticide may poison in such a way that it is hard to recognize that the poisoning is taking place - Pesticide Damage may show up long after the pesticide has left the body:

	The effects of pesticide exposure may not always be immediately visible.  Many chemicals have been shown to have serious detrimental effects on the human body that are only visible months or years after poisoning.  For example, glyphosate has been shown to have carcinogenic and mutagenic effects on numerous organisms.  Numerous studies have also demonstrated that exposure to this pesticide is linked to problems with pregnancy.  
	Numerous laboratory studies have shown the ability of glyphosate and glyphosate containing herbicide products to cause genetic damage.  In the specific study examined, Roundup, and its active agent, glyphosate, were tested in the same battery of assays for the induction of DNA damage and chromosomal effects in vivo and in vitro.  Cytogenic damage, more pronounced for the Roundup formulation, was evident in mouse bone marrow as an increase in micronucleus frequency.  DNA damaging activities of glyphosate and Roundup were also observed in the liver and kidneys of mice, in terms of DNA breaks and alkali labile sites.   Furthermore, when testing the effects of the pesticide compounds on human lymphocytes, it was shown that 72 hours after treatment, both glyphosate and Roundup significantly induced sister chromatid exchanges.18  These chromatid exchanges could result in mutagenic effects.
	In addition, glyphosate has also been proven to have carcinogenitic effects.  Three recent studies found a link between glyphosate exposure and non-Hodgkin’s lymphoma.6  One study demonstrated that the risk of non-Hodgkin’s lymphoma for men exposed to glyphosate more than two days per year was two times greater than the risk for men who were either unexposed or exposed very little.19  Furthermore, another study from the University of Minnesota demonstrates that both glyphosate and Roundup caused a rapid increase in cell division in human breast cancer cells.20 
	Furthermore, glyphosate exposure has been linked to increased risk of pregancy problems, but the mechanism of action in mammals is questioned.  An article recently published in Environmental Health Perspectives found that both glyphosate and Roundup are  toxic to human placental JEG3 cells.  Toxicity occurred within 18 hours of exposure.  Roundup appears to reduce JEG3 cell viability at least twice more efficiently than glyphosate.  This effect increases with time and was obtained with concentrations of Roundup 10 times lower than that of agricultural use.  The same study evaluated the possible capacity of glyphosate and Roundup to act as an endocrine disruptor, by measuring their effects at nontoxic levels on aromatase.  Aromatase is a mammalian cytochrome P450 enzyme crucial for sex steroid synthesis.   At nontoxic levels, aromatase activity and mRNA levels were distupted; the herbicides interacted with the active sites of the purified enzymes.21




A pesticide may be dangerous even if all label directions are followed:
	We live in a world where regulations and directions are placed on every product or package you can obtain.  Pesticide products are registered and sold with labels explaining the minimal consequences that may occur from misuse.  However, after reading the previous information, can we really believe that by following labels and trusting the government registration guidelines that pesticides are safe? 
	The U.S Environmental Protection Agency (EPA) is one of the organizations that is responsible to regulate pesticides in the United States.  According to the EPA, pesticides are to be regulated so that they “will not generally cause unreasonable adverse effects on the environment.”22  The federal law for pesticides used on food states that the residues must be “safe,” defined as “a reasonable certainty that no harm will result from aggregate exposure to the pesticide.”22 
	The Canadian Food and Drug act also states that “No person shall sell an article of food that (a) has in or on it any poisonous or harmful substance [or a food that is ] (b) is unfit for human consumption.”23  However, if these acts and regulations are being followed accurately, then how are any pesticides freely allowed in today’s environment?.  It was previously demonstrated that Roundup is toxic to human placental cells at ten times lower then the allowed agricultural use.  
	As of 2005, the bold on the back of a Monsanto’s Roundup states “May cause eye irritation.  Harmful if swallowed.” The directions for use are “For good hygiene practice, wear a long-sleeved shirt, long pants and chemical resistant gloves during mixing, loading, cleanup or repair activities.”24  After even minor research, it is easy to determine that these warning labels and directions are not accurately presenting the dangers of these toxic chemicals. 
A pesticide may cause damage that was never investigated before it was registered or not discovered during toxicological testing:

	Pesticide law classify pesticide ingredients into two categories, active and inert.  “Active ingredients are those that are designed to kill or damage a pest.  Inerts are all other ingredients used in pesticide products and are added to active ingredients to make the pesticide more potent or easier to use.”25   Pesticide manufactures claim that the identity of many inert ingredients is confidential business information and they will not publicly disclose them.  Therefore, the complete list of inerts in glyphosate products is still questioned.  Furthermore, only minimum testing requirements are required for inerts.  Therefore, the Environmental Protection Agency has little information about their hazards.25  
	Even though the effects of some ingredients are ignored by chemical companies, many of the inerts found in glyphosate herbicides have hazardous effects.  For example, glycerine, sodium sulfite, sodium benzoate, propylene glycol, and sorbic acid all causes genetic damage in tests with human cells and laboratory animals.  Other effects include thyroid damage and decreased growth from 3-Iodo-2-propynyl butyl carbamate, skin irritation and cancer from Sodium salt of o-phenylphenol, and eye irritation from polyoxyethylene alkylamine.6
	Therefore, pesticides may be registered without having the full effects of all the chemicals tested or the full effect of these chemicals available to the public.  By examining the different effects of Roundup and glyphosate alone, one can understand the power of the numerous inert substances.  
Conclusions:
	After 30 years of sales, glyphosate is still one of the world’s biggest selling and fastest growing agrochemicals.  Glyphosate has many strengths, particularly it’s ability to control a broad spectrum of different weeds.  In addition, glyphosate appears to be relatively non-toxic if leached into soils.  Also, after 30 years of use, there are very few resistant weed species.  These factors have lead to numerous advancements in agriculture and also the development of numerous forms of glyphosate resistant crops.  In hindsight, it appears that Monsanto discovered the world’s greatest pesticide.  However, it is also important for the world to remember that even if glyphosate herbicides remain in circulation and production for several generations, maybe the full effects of these dangerous chemicals are still unknown.  
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