Glyphosate (N-(phosphonomethyl)glycine) is a broad-spectrum
systemic herbicide used to kill weeds, especially annual broadleaf
weeds and grasses known to compete with commercial crops grown
around the globe. Initially patented and sold by Monsanto Company in
the 1970s under the tradename Roundup, its US patent expired in
2000.

Glyphosate is marketed in different solution strengths under many
tradenames:[11] Roundup, Buccaneer, Razor Pro (41%), Genesis Extra
Il (41% w/ Surfactant), Roundup Pro Concentrate (50.2 %), Rodeo
(51.2%), Aquaneat (53.8%), and Aquamaster (53.5%).[12] These
products contain other ingredients, causing them to have different
effects from glyphosate alone.[13] Roundup herbicides are usually
water-based solutions containing glyphosate, a surfactant, and other
substances. Other formulations contain additional active ingredients to
improve the speed of action.

Glyphosate Kills plants by interfering with the synthesis of the amino
acids phenylalanine, tyrosine and tryptophan. Glyphosate has also been
shown to inhibit other plant enzymes,[19][20] and also has been found to
affect animal enzymes.[21]

Glyphosate is effective in killing a wide variety of plants, including
grasses, broadleaf, and woody plants.[22] It has a relatively small effect
on some clover species.[23] By volume, it is one of the most widely used
herbicides.[24] It is commonly used for agriculture, horticulture, and
silviculture purposes, as well as garden and verge maintenance.

Glyphosate is supplied in several formulations for different uses:

= Ammonium salt

= |Isopropylamine salt

= Glyphosate acid - standalone, as ammonium salt or as isopropy! salt
= Potassium salt

Products are supplied most commonly in formulations of 120, 240, 360,
480 and 680 g active ingredient per litre. The most common formulation
in agriculture is 360 g/l, either alone or with added surfactants.

For 360 g formulations, European regulations allow applications of up to
12 litres per hectare for control of perennial weeds such as couch grass.
Rates of 3 litres per hectare are practiced for control of annual weeds.

While the effects of glyphosate on the usage of herbicides is disputed
its use has changed the herbicide use profile away from atrazine,
metribuzin, and alachlor.

Glyphosate is rated least dangerous in comparison to other herbicides
and pesticides, such as those from the organochlorine family.[38]
Roundup has a United States Environmental Protection Agency (EPA)



Toxicity Class of Il (on a | to IV scale, where |V is least dangerous) for
oral and inhalation exposure.[39] It does not bio-accumulate, and breaks
down rapidly in the environment.[40]

The United States Environmental Protection Agency (EPA) considers
glyphosate to be relatively low in toxicity, and not to have carcinogenic
effects.[41] The EPA considered a "worst case" dietary risk model of an
individual eating a lifetime of food entirely from glyphosate-sprayed
fields, and with residue levels remaining at their maximum levels, and
concluded no adverse effects would exist under these conditions[41] In
2007, the EPA selected glyphosate for further screening for endocrinal
disruptor effects, not because of suspected effects, but because
glyphosate is a widely used herbicide (the EPA has stated selection for
screening does not itself imply risk).[42][43]

Laboratory toxicology studies suggest other ingredients combined with
glyphosate may have greater toxicity than glyphosate alone. For
example, a study comparing glyphosate and Roundup found Roundup
had a greater effect on aromatase than glyphosate alone.[13] Another
study has shown Roundup formulations and metabolic products cause
the death of human embryonic, placental, and umbilical cells in vitro,
even at low concentrations. The effects are not proportional to
glyphosate concentrations, but are dependent on the nature of the
additives used in the formulation.[44] Many common materials that
contain surfactants, such as shampoo, can cause similar effects in in
vitro experiments.

Statistics from the California Environmental Protection Agency's
Pesticide lliness Surveillance Program indicate glyphosate-related
incidents are one of the highest reported of all pesticides.[45][46] This is
proportionate with usage for the number of people exposed, rather than
the severity of symptoms associated with each incident.[46] Based on
hospitalisation glyphosate would be considered relatively safe, since,
over a 13-year period in California, none of the 515 pesticide-related
hospitalisations recorded were attributed to glyphosate.[46]

A review of 58 studies of the effects of Roundup on a range of
organisms concluded that "for terrestrial uses of Roundup minimal acute
and chronic risk was predicted for potentially exposed non-target
organisms". It also concluded there were some risks to aquatic
organisms exposed to Roundup in shallow water. More recent research
suggests glyphosate induces a variety of functional abnormalities in
fetuses and pregnant rats.[48] Also in recent mammalian research,
glyphosate has been found to interfere with an enzyme involved
testosterone production in mouse cell culture[49] and to interfere with an
estrogen biosynthesis enzyme in cultures of human placental cells.[50]



Dermal exposure to ready-to-use glyphosate formulations can cause
irritation, and photo-contact dermatitis has been reported occasionally;
these effects are probably due to the preservative Proxel
(benzisothiazolin-3-one). Severe skin burns are very rare. Inhalation is a
minor route of exposure, but spray mist may cause oral or nasal
discomfort, an unpleasant taste in the mouth, tingling and throat
irritation. Eye exposure may lead to mild conjunctivitis, and superficial
corneal injury is possible if irrigation is delayed or inadequate.[51]

Roundup showed no toxic effects when fed to animals for two years,
and only produced rare cases of reproductive effects when fed in
extremely large doses to rodents and dogs. An increase in cancer rates
in animal studies has not been demonstrated, and it is poorly absorbed
in the digestive tract. Glyphosate has no significant potential to
accumulate in animal tissue.[53][54]

Glyphosate is used with five different salts, but commercial formulations
of it contain surfactants, which vary in nature and concentration. As a
result, humans who have ingested this herbicide may suffer poisoning
not with the active ingredient alone, but with complex and variable
mixtures.[51]

Certain surfactants used in some glyphosate formulations have higher
toxicity to fish and invertebrates, resulting in some formulations of
glyphosate not being registered for use in aquatic applications.[62]
Monsanto produces glyphosate products with alternative surfactants
that are specifically formulated for aquatic use, for example "Biactive"
and "AquaMaster".[63] According to Monsanto, "Conservation groups
have chosen glyphosate formulations because of their effectiveness
against most weeds as glyphosate has very low toxicity to wildlife".[64]

Glyphosate's effect on soil life may be limited, because when
glyphosate comes into contact with the soil, it rapidly binds to sail
particles and is inactivated.[65][66] Unbound glyphosate is degraded by
bacteria. Low activity because of binding to soil particles suggests
glyphosate's effects on soil flora are limited. Low glyphosate
concentrations can be found in many creeks and rivers in the US and in
Europe.[67]

Roundup is not registered for aquatic uses,[72] and studies of its effects
on amphibians indicate it is toxic to them.[73] Other glyphosate
formulations registered for aquatic use have been found to have
negligible adverse effects on sensitive amphibians.[74]

Glyphosate is one of the pesticides that pose the greatest danger to
amphibians.[70] Fish and aquatic invertebrates are more sensitive to
Roundup than terrestrial organisms.[47] Glyphosate is generally less
persistent in water than in soil, with 12 to 60 day persistence observed



in Canadian pond water, yet persistence of over a year has been
observed in the sediments of ponds in Michigan and Oregon.[39]The EU
classifies Roundup as R51/53 Toxic to aquatic organisms, may cause
long-term adverse effects in the aquatic environment.[71]

The first documented cases of weed resistance to glyphosate were
found in Australia, involving rigid ryegrass near Orange, New South
Wales.[83] Some farmers in the US have expressed concern that weeds
are now developing glyphosate resistance, with 13 states now reporting
resistance, and this poses a problem to many farmers, including cotton
farmers, that are now heavily dependent on glyphosate to control
weeds.[84][85] Farmers' associations are now reporting 103 biotypes of
weeds within 63 weed species with herbicide resistance.[84][85] This
problem is likely to be exacerbated by the use of Roundup-Ready
Crops.[86]

A non-peer reviewed report, published in November, 2009, "Impacts of
Genetically Engineered(GE) Crops on Pesticide Use in the United
States: The First Thirteen Years" using USDA data shows US farmers
have applied 383 million more pounds of herbicides on GE crops since
1996, including soybeans, than they likely would have applied on non-
GE varieties of these crops. The report states the rise in pounds per
acre is associated with the replacement of older, higher-risk herbicides
with glyphosate, with 46 percent of the total increase occurring in the
last two years studied (2007 and 2008). It identifies the problem as an
increase in herbicide-resistance.

On Fri Jan 20, 2007, Monsanto was convicted in France of false
advertising of Roundup for presenting it as biodegradable, and claiming
it left the soil clean after use. Environmental and consumer rights
campaigners brought the case in 2001 on the basis that glyphosate,
Roundup's main ingredient, is classed as "dangerous for the
environment" and "toxic for aquatic organisms" by the European
Union.[93] Monsanto appealed and the court upheld the verdict;
Monsanto appealed again to the French Supreme Court, and in 2009 it
also upheld the verdict. [94]
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