GLUFOSINATE -

AMMONIUM MONOGRAPH

SUMMARY

Background

Glufosinate-ammonium is a broad-spactrum
herbicide, in use in relatively small guaniities since
the 1880s. However the recent devalopment of
more than 100 varnelies of transgenic plants,
genatically modified to be tolarant of the
harbicide, is significantly increasing its use

It carries unacceplable risks to humans,
aspacially to the neurological development of
the fostus, o agrncultural biodiversity, and (o
the environmant,

Cperator exposure during crop spraying Is
unaccaplably high evan when protactive chothing
i Worm

Formulations are more toxic (o humans and the
aquatic anvironmant than ha active ingradman
alona, but itthe information is publicly available
on tha inart, or adjuvant, ingrediants in tha
formulated products.

Overall Risk

Risk statemeants from the European Food Safety

Authority (EFSA 2005), based on Europaan use

conditions includa:

*  high nisk o mammals

*  low nsk o agqualic organisms

«  low risk to in-field non-target arthropods in
potato and transgenic malze crops, but high
risk to off-crop populations, requiring risk
mitigation such as 5 mater buffer zones

* risk to non-target plants from use in orchards
and maize is low if a 5 meter buffer zone is
used

*« low risk to birds, beas, earthworms, othear
50l non-target macro-organisms, and soil
micro-organisms.,

KEMI (2002a, 2002b), the Swedish National
Chemicals Inspectorate, had proposed the
following risk statements:

*  harmiful; danger of serious damage to haalth
by prolonged exposure If swallowad

toxic; danger of serious damage to health
by prolonged exposure through inhalation
may cause harm to the unborn child
possible risk of Impaired ferility

danger to the envirgnment

[axic to aquatic organisms, may cause
long-tarm adverse effects in the aguatic
BRvIronment

wear sullable protective clothing

during spraying wear suilable respiratory
aquipment

Poisonings

A number of polsonings have rasulted from
intentional ingestion of glufosinata-ammonium,
mainly In Japan.

Acute Toxicity

Acute toxicity effects are firstly gastrointestinal
such as nausea, vomiting, abdominal pain and
diarrhoea, followad by the onset of neurological
symploms such as convulsions and coma, than
respiratory failure; death results from circulatory
failure, There is no antidote,

Long-term Toxicity

Chronic effects are primarily neurological and
reproductive

Glufosinate-ammonium is structurally similar to
a neurctransmitter, glutamate, and interferes
with its proper functioning. The developing
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brain is particularly susceptible: the herbicide
has serious effects on early embryonic
development, including damage 1o the brain
and neural tube. It causes the loss of many
foeluses and damage to those actually born,
including cleft lips. Transgenerational effects on
brain function are reponed.

Environmental Effects

It is moderately persistent in soma soils, and
has the potential to leach to groundwater,
especially in sandy soils,

Despita baing a harblcida it also has insecticldal
proparties. It is highly toxic to baneficial
organisms including spidars, pradatory mites
and butiarflies.

It is toxic to @ number of soil micro-organisms,
and may Increase susceptibility to plant
diseases, with consaqueant Increasad use of
and depandence on pesticides, Long-tarm
usé s lkely to give rise to herbicide-rasistant
weads. Glufosinate tolerance transgenes
have already escaped from GM planis and
bean found in waedy relatives in Japan and
tha LK.

Thera are indications of synargistic ineractions
with other herbicides, such as with metolachlor
to cause damage to testes, and with

matsulfuron-methyl to increasa phytotoxicity.

Chemical Profile

Common name
Glufosinate-ammonium

Common trade names
Basta, Liberty

Other related chemicals
Glufosinate, phosphinothnicin

Chemical names

»=  butanoic acid, 2-amino=4-{hydroxy-
methylphosphinyl}-monocammonium 2alt

= ammonium-DL-homoalanin-4-yi
[methyllphosphinate (KEM| 2002a)

Molecular formula
':E-HEHE‘E}IF

Chemical group
phosphinic acid, ammonium salt

CAS number
Trig-82-2

Trade names include

Aeh, Basta, Buster, Challenge, Conquest,
Dash, Derringer, Finale, Harvaest, HOE
ODBE1, HOE 039866, Ignite, Liberty, Rely,
Remove, Tapal

Inerts

All formulations contain so-called ‘inerl’
ingradients (adjuvants), but they ara
largaly unidentified. Two have been at |east
partially identified for glufosinate-ammaonium
formulations. KEMI (200%a) partially idantified
a surfactant in Basla as alkyletharsullaie
(AES) and Koyama et al (1997 identifed It as
sodium palyoxyathylena alkyl ather sulphata,
"Ganapol' is a solvent in Basta and Liberty and
possibly other formulations (KEMI 2002a,¢),

Matarnal Safaty Data Sheats (MSDS) lor some
farmulations name one iner, as follows:

L]

Finale, Basta: propylane glyvocol
manomathyl athar

Libarty. 1-methoxy-2-propancl (which
ls the same chemical as in Finale and
Basta)

Raly, alkyl hydroxy=palyloxyathylena)
sulfata-salts

(Bayer CropScianca undated a b, 2003a b,
2006},

Genapol is described as a polyglycol ether
and there are a number of versions of i,
The OXD-080 varsion is reportad to cause
damage to mosquito fish (Gambusia) al
low concentraliong; and can be axpected (o
cause significant population decline of tha
fish when added o rice irrigation ditches
even at very low levels (Cabral et al 2001),
Anather version, used in the administration of
insulin is suspectad of causing auto-smmune
thyroiditis in diabetic patients (Chantalau
2000). Which version(s) of Ganapaol is/are
uzed in glufesinate formulations and it=/their
effects on human health and the envirocnment
is not publicly known,

Human poisonings and laboratory studies
indicate that the ‘inert’ ingredients, particularly
the surfactants, may be more toxic than the
glufosinate-ammonium itself. For example the
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formulation Basla reduced blood pressure and
alterad the heart rate in rats, but glufosinate
ammaonium alone did not (Koyama et al
1997},

Another herbicide, metsulfuron-methyl, has a
synergistic effect on glufosinate-ammonium
in terms of increasing its phylotoxicity, but
the offect is greater with formulations than
the aclive alone (Kudsk & Mathiassen 2004).
Glufosinate formulations are also more toxic
o agquatic life than the active ingredient (KEMI
2002a),

Metabolites

In soil glufasinata-ammonium |8 degraded
by microbial action o 3-methylphosphinico-
propionic ackd (MPP) and 2-methylphosphinico-
acatic ackd (MPA), and evantually to carbon
digxide under dark asrobic conditions (HSD
2003; EFSA 20085).

Anather metabolite, disodium L-2-acatamido-
4-mathylphosphinato-butyrate or N-acelyl-
glufosinate (NAG), is found only in transgenic
plants [reatad with glufosinate-ammanium
and nol in narmal plants, as iransgenic plants
matabolise glufosinate-ammaonium diffarantly.
MPP is found in both types of crop (KEMI
2002a), An additional unidentified metabolite
has been found in a crop planted following the
use of glufosinate (EFSA 2005),

In humans and animals thea princlipla
mataboliles in urine and faeces ara MPP
and NAG, Minor matabolites are MPA, 2-
hydroxy-d-methylphosphinico-butanoic acid
(MHEB), and 4-methylphosphinico-butanaic
acid (MHB) (HSD 2003; EFSA 2005),

In walar {and In anaarabic conditions)
tha metabolites are MPP, MPA, 3-
methylphosphinico-acrylic acid (P-X), and
methylphosphinico-formic acid (P-Y) (EFSA
2005),

The metabolites MPP, MPA and NAG are all
lass toxic than the parent compound according
o the European Food Safety Authority (EFSA
2005). However MPP is also reported to be
neurctoxic, causing severe convulsions and
forelimb spasms (Cox 1996 citing US EPA
1988a). It is more persistent than the parent
chemical, persisting up to 267 days, and is
more maobile in the soil (Cox 1996 citing US
ERA undated: EFSA 2005).

Mode of Action

Glufosinate-ammanium I8 a phosphorus-
containing aming acid derived from a natural
toxin isolated from two species of Streptomyoes
fungi (Jewell & Buffin 2001).

It acts by inhibiting the anzyma glutamine
synthelase in plants, leading to a complete
breakdown of ammaonia meatabolism and
consaquant inhibiton of photosynthasis (Kidd
& James 1991, HSD 2003). Leaf chiorosis
and necrosis follow and the plant dies in 1-2
weeks (KEMI 2002a)

Glutamine synthatase is also metabolically
important in animals and humans, The
herbicide has Inhibited this enzyme in the
brain, kidney and liver of rats, and In the
heart of dogs. [t has also inhibited the related
anzymas glutamate carboxylase in rat brains
and glutamate dehydrogenase In cow liver
{Cox 1986 ciling FAQ, WHO & IPCS 1882),
Inhibition of glutamate synthetase has also
bean reporad in humans (HSD 2003).

Uses

Glufosinate-ammaonium (8 a non-aalaclive
contact harblcide with syslemic action. It s
translocated only within leaves, nat within
underground rhizomes or stolons (Kidd &
James 1891),

It is used on A wide range of annual and
parannial broad-leaved weeds and grasses
in archards, vineyards, rubber and oll palm
plantations, cotton, soy, ormamantal trees,
non-crop land, home gardens, greanhouses,
nurserias, and pre-emergance in vagetables
(Kidd & James 1881, Orme & Kegley 2008).

It I& used as a pre-harvest desiccant on a
variety of crops including potatoes, peas,
beans and ceraals (PAN UK 1988).

It is also used in increasingly greater quantities
as a selective herbicide in genetically modified,
of lransgenic, crops.

GM Uses

More than 100 plant hybrids have been
genatically modified to be tolerant of, or
resistant to, the herbicide glufosinate-
ammanium (Bayer CropScience 2007). Thay
include varieties of banana, bean, cabbage,
canola (InVigor), cauliflower, coffee, coiton
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(LibertyLink, Wide3frike), maize (Herculex,
Cluad-Stack), mustard, oil palm, pineapple,
plantain, potato, rapeseed (InVigor, Topas), nce
{LibertyLink), soybean, strawberry, sugarbest,
gugarcana, and wheat (FAD 2007).

The status of GM glufesinate-tolerant crops in
the Asia Pacific region (FAQ 2007 ):

India; mustard — fieid trials
brassical mustard — exparimeantal
phasa
cauliflower — axparmental phase
rape seed — field trials
rice = axparimental phase
Malaysia; ol palm - expermental phase
Viet Nam: cabbage — exparimanial phase
colion - exparimantal phase
malze — axpanmental phase
rica — exparimantal phase
sugarcana = axparimantal phase

Swaal polato may also be under development
in Korea (¥ at al 2007), and Acacia sunuale
(Vengadesan ol al 2008) and mungbaan (Sonia
at al 2007) In India,

The genetic modification generally Involves
incorparation of a bacterial gene that codes for
the enzyme phosphinothricin acety| ransferase
(FAT). This anzyma inactivates glufosinate-
ammonium by adding an acetyl group 1o it, and
80 confars hearbicide olarance 1o tha modiled
plant (OECD 2002},

Manufacturers

Bayer CropSciance |8 the major producer of
glufosinate-ammaonium (KEMI 2002a). The
name of the company manufacturing the
herbicide has changed as companies have
merged and split: it was manufacturad formerly
by Hoechst, then AgroEve, then Aventis
Crop3clence, now  Baver CropSclence.
Glufosinate s manufaciured at Bayer plants
in Frankfurt, Garmany and Muskegon in
Michigan, USA.

In China, Zhejiang Yongnong Chem. Ind,
Co., LTD is also producing the herbicide.
Thraa other Chinese companies have been
approved o produce it 5o it is expected that
the production and use in China will increase
rapidly in the future (Sun Jing 2007).

Bayer sales of glufosinate for 2005 were EUR
219 million, its third highest grossing product
(Bayer 2D0T).

Regulatory status
Glufosinate-ammonium was developed by
Hoechst in the 1970s and first introducsad
to the market in 1984, in Japan, It was also
considered for ragistration in tha UK in 15984
but, because of concerns aboul toxicily via
dermal absorption, it did not win full approval
there until 1986 (Jewell & Buffin 2001). It was
introduced in the USA in 1993, By 2004 it
was registered in over B0 couniries (Bayor
CropScience 2007h)

Glulosinate-ammonium I8 nol banned or
rastricted [n any country, nor is It a PIC
paslicide,

loxicological Assassmeant

Absorption

Glufosinate-ammonium s rapidly bul poorly
absorbad from Ingestion: anly §-17 parcent
was absorbed in laboratory animals. It has
low distribution to tissues and does not appear
to concentrate, although both glufosinate and
MPP ware found in brain tissue, Most of it is
axcreted via the faecas (KEMI 2002a).

Acute toxicity

WHO Recommended Classification by Acule
Hazard: Class |Il, slightly hazardous,

Lethal doses
Lethal dose, LD, is the dose thal kills 50
percant of test animals:
«  Oral LD,
= medium to moderate: 1510mg/kg
(rat) (KEMI 2002a), Also reportad as
1825mg'kg (WHOQ 20086); 2000mg/kg
(male rat), 1620mgrkg (female rat),
431mg/kg (male mousa), 418mgky
(female mouse), 200=-400mg kg (dog)
(Kidd & Jameas 1991); and as 40710mg'
kg (male rat) and 3,030mg/kg (female
rat) (US EPA 2003).
»  Dermal LD,
= jowe =4000 mg'kg {male rat); =2000mg/
kg (male rabbit), 1500-2000mg/kg
(female rabbit) (KEMI 2002a).
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« Inhalation LC,,
=  medium fo moderafe; 1.26mgf air
{aerosoldhr (rat) (KEMI 2002a).

It is reported that, when absorbed through
the skin, glufosinate formulations can ba 2.5
times more loxic than glufosinate alone [PAM
LK 1988 citing an internal LIS EPA 1985
MEMmo),

Acute effects

Faollowing aral, dermal and inhalation
pxposura, laboratory animals suffered a
number of acute symptoms indlcative of
effects on the nervous system—Iincluding
lethargy, abnormal postures, piloerection
t'goose bumps’), hyparsansitivity to touch,
incrirased molor activily, tramorg, convulsions,
solzures, Irregular respiration, sallvation,
diarrhosa, decreased spontanaous motility,
disequilibrium, hyperactivity, aggressivensss,
ataxia (unsteady motion), hyporeflexia (balow
normal reflexes), and a marked decraasea in
Body waight (Masumara &t al 2001, Lapoubla
el nl 2002; KEMI 2002a),

Skin and oye irritation

The European Food Safety Authority
characterised glufosinate-ammonium as
being mildly irritating to ayes, but not to skin
and showing no sansilising proparies (EFSA
20086), Howevar, lfoermulations contalning
glufosinala-ammonium can cause rritation
to both skin and aves, resulting in redness,
conjunctival discharge, and opaqueness of
the carmea; and redness, swelling and dry or
chappad skin, in rabbits (Cox 1996 citing US
EPA 1086a).

No Observed Adverse Effects
Levels

« Short term NOAEL (oral) = 4 Smalkg
of body weight {bw)day from a 1-year
study on dogs, based on mortality
and decreased glutamine synthetase
activity (EFSA 2005).

«  Dermal NOAEL = 100mg'kg bwiday
imale rat), 300mg'kg bwiday (female
ral) (EFSA 2005).

HNOAEC = 0D.012mg/litre air
iconceniration in air) (EFSA 2005).

«  MWOAEL (reproduction} = 4.3mglkg
bwiday based on high losses of pre-
and post- implantation rat pups (EFSA
2005).

+  MOAEL (development) = 6.3mg/kg
bwiday in rabbits, based on premature
deliveries, abortions and dead foetuses
(EFSA 20035)

Sub-chronic toxicity

Sub-chronic effects observed in dogs include
a dose-related decrease in heart rate; and in
rats decreased body weight gain, decreased
white blood cell count, increased kidney wesght,
slow blood coagulation, incraasad aggressive
bahaviour, and increasad waight of the adrenal
glands (Cox 1996 citing FAD, WHO, & IPCS
1982, and US EPA 1984, 1988b.c).

Chronic toxicity

Cardiovascular effects

Twao dogs fed Bmglkg bw/day for 10 and 14
days died of heart and circulatory sysleam
failure (Cox 1986 citing US EPA 1988c).

The formulation Basta, and Its surfactant
alona, both caused decraased biood prassurs,
increased heart rate alt low doses, and
decreased heart rate al very high doses, in
rals; bul the active ingredlent glufosinale-
ammanium by itsell did nol cause thasa
affects (Koyama ol al 1887),

Immune system
No effects appear to have baan reported.

Endocrine disruption
No effecis appaar to have baan reporied,

Nervous system

Glufosinate-ammonium is structurally similar
to glutamate (Hack et al 1984), an amino acid
important to proper funclioning of the nervous
system, and the herbicide causes signs of
neurotoxicity in most species of animals
on which it has been tested {Cox 199§).
Glutamate i3 an imporant neurstransmitter,
especially in brain function, and the herbicide
causes activation of the neurotransmitter
raceplors for glutamate (Matsumara et al
2001). It also stimulates production of nitric
acid in the brain, through stimulation of N-
methyl D-aspartate receplors (Nakaki et
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al 2000), The increased production of nitric
acid is hield to be responsible for the epileptic
{tonic-clonic) seizures resulling from exposure
e glufesinate-ammonium (Lapouble et al
20027,

Developing brains appear to be particularly
susceptible to glufosinate-ammonium.
Exposure of the foetal brain of rats (through
maternal exposure) resulled in functional
abnormalities in the affspring (Fujii 1987 ).

Glufosinate specifically affacis the
neurgepithelium of the brain vesicle and neural
fube, leading to neurcepithelial cell death and
deformities, It has caused underdevelopment
of the forebrain, blisters in the head, cleft lips,
and inhibited tha diferantiation of midbrain cells
in rats (Watanabe & lwase 18098, Watanabe
1887),

There |8 no readily available information on
delayed neurotaxicity; becausa glufosinate-
ammaonium |18 nol an organophosphate,
regulatory authonlies do nol genarally reguire
delayed neuroloxicily studies (KEMI 2002¢).

Reproductive & developmental effects
Glufosinate has toxic effects on early
embryonic development, Studies on rals,
milce and rabbits have fourd the Tollowing:
increased pra- and posi-implantation
lossas

vaginal haemorrhage

intra-uterine death of foetus

rasorptions and abortions

pramature deliveries

decraased litter size (KEMI 2002a).
In the pups that were bom thern was dislension
of thi renal palvis and urater, and retardation of
skaletal casification {Walanabe & Iwase 1994,
KEMI 2002a).

L d

L L] L #* &

Glufosinate administered to the mother was
measurad in the foetus indicating that i crosses
the placenta (KEMI 2002a).

KEMI {2002a) concluded that glufosinate is
toxic to reproduction and the product should
carry risk warnings that it "may cause harm to
the unborn child®, and *possible nsk of impaired
fartility”,

Glufosinate-ammonium was found to be
leratogenic [(causes birth defects) in a study
on rats (Watanabe & Iwaze 1995; Watanabe

1997}, and it caused transgeneraticnal effects
on brain function (Fujii 1997 }—as reported
above under neurclogical effects.

Genoloxicity / mutagenicity
Mo evidence of genotoxicity appears to have
been reported (KEMI 2002a; US EPA 20:03)

Cancer

KEMI| (2002a) reported no evidence of
carcinogenicity in the studies it reviewed,
Glufosinate-ammonium has nol been
assessed for carcinogenicity by IARC or US
EPA. One study, described by the US EPA as
inadequate because it did not use sufficient
doses, found an increased frequency of
adrenal medullary tumours (Cox 18596 aifing
US EPA 1992a).

Toxic interactions

When glufosinate was combinad with another
herbicide, metolachior, for a 4-hour inhalation
study with rats, it produced atrophied and
withdrawn tesates, an affact that appaars o
ha ralatad 1o intaraction balwaan the wo
harblcides (Cox 1996 reporting on US EPA
1986h).

Gender differences

It is more acutely toxic to the females than
the males of all spacies tested, although
dermal NOAEL was higher for famala than
mala rals,

Sansitive populations
The fostus.

Health Effects and Polsonings

Exposure

E:rpusura guidelines
AD| (acceptable dally intake) set by the
WHO/FAD = 0.02mg/kg bwiday (IPCS
2003).

= ADI set by the European Food Safety
Authority = 0.021mg'kg bwiday, based
on the NOEL (no observed effects levels)
of 6.3mg/kg bw/day in rabbits (EFSA
2005).

=  ADEL (Acceptable operator exposure
level) = 0.0021mg'kg bw/day, based on
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the MOEL for rabbits and a correction for
10per cent oral absorption (EFSA 2005),

« ARID (Acute reference dose) = 0,021mg/
kg bwiday for women of child-baaring
potential, based on reproductive effects;
and 0,045mg’kg bw/day for the general
population (EFSA 2005).

The Australian label for the formulation Finale
carries tha following warning regarding stock
withhalding period: "do not graze or cul
reated area for stock fead for B weeks after
application” (Baver CropScience undated a).

ODceupational exposure

Exposura can occur through inhalation of
spray or dust, and dermal contact, where
glufosinate |s used or manufactured.

The European Food Safety Authority (2006)
has judged thal operator exposure axceads
thae ADEL when Basta SL14/5L18 s used
for potato desiccation and whan Libarty SL
18 |s used on transganic malze—avan when
personal protective equipment, including
ploves, headwear, coverall and sturdy
footwear (KEM| 2005), Is worn. Exposurs was
regarded as unaccaptable, Howeaver axposura
In apple orchards at approved rates of use was
risgpardod as accaplabla

Non-occupational - food residues
Residues in food are of concem, aspacially
when glufosinate is used as a pre-harvest
desicoant—auch as on dried peas, field baans,
barley, cllsead raps, linsesd and polaloas—
and in the liver and kidneyvs of animals fad
careal sliraw or pea and bean stalks that have
baen treated with glufosinate (PAN UK 1588
citing MAFF 1890),

When wheal grain containing residues was
turnad into flour, 10-100per canl of the raskdusa
was retained. Residue lavals in bran ware 10-
GO0par cant of those in grain (PAN UK 1998
citing MAFF 1980).

significant residues of glufosinate have been
found in the UK in animal feed, potatoes and
olber crops. Additionally residues of an ‘inert’
ingredient and the metabolita, MPP, ware
found in milk and the tizsues of animals fed
'treated’ straw, resulting in a restriction on the
feeding of treated” straw to reduce health risks
to livestock and consumer intake of residues

in animal products (PAN LK 1998 citing MAFF
1990).

The European Food Safety Authority (EFSA
2005) found that residues of glufosinate in
potatoas can ba up to 0.5mg/kg and are not
altered by cooking in boiling water. They
concluded that these residues pose an acute
risk for small children, as they were 11dper
cant of the acute reference dose (EFSA
2005).

Residues are also stable in frozen food for
1 year in potatoes, 2 years in applas and
transgenic maize, They are also stable in
pouttry and cattle for up to 15 months (KEMI
2002a).

Glufosinate has baan found In spinach, radish,
whaat and carrots plantad 120 days after the
soll was treated with a glufosinate herbicide
(Cox 1986 citing US EPA 18884), but KEMI
{20028 concludaed that the potential for
residuas of glufosinate or its matabolites in
soll and subsaguent crops |8 low.

Tha main residue found when glufosinata (s
used as a non-selective herbiclde s MPP,
whan it is used as a desiccant it is glufosinate
itsalf, and on transgenic maize it is NAG. The
othar matabolilas may also ocour as residues
in lasser amaunts (KEMI 2002a),

According to Jewell & Buffin {2001), data
from Aventis indicales that the metabolite
NAG, formed in transgenic plants, can be
raconverted into the active herbicidal form
by micro-organisms in the digestive tract of
warm-bloodad animals, ingluding humans,

Absorption

Absorption i described by the EFSA (2005)
as poor. It reports dermal absorption of the
formulations Basta SL14 and Basta SL18/
Liberty SL18 as 16per cent and 7per cant for
undiluted product and 14par cent and Yper
cent for spraying dilution.

Treatment

Pecple who have been polsoned should be
immediately taken to hospital and placed
under surveillance and freatment by properly
trained medical staff. Do not induce vomiting.
For eye exposure imigate eye with copious
amounts of room temperature water for at
least 51 minutas (HSD 2003).
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Treatmant Is symptomatic and supportive,
thera s no known antidote (KEMI 2002a).

Symptoms and consequences of
poisonings

Most clinical experience of glufosinate poisoning
comes from intentional ingestion in Japan
(KEMI 2002a).

Neurctoxicity is characleristic of glufosinate-
ammonium poisoning (Watanabe & Sano
1968), Acute effects such as convulsions
appear to be mediatad by activation of the
glutamate naurotransmitter recaplars by the
herbicide (Malsumara et al 2001),

Acute effects

The first effects are nausaa, vomiting, abdominal
pain, and diarrhosa shorly after acule exposure
{oral). This s followad by @ short asymplomatic
period, and then by neuralogical symploms
including loss of consciousness, coma, and
seizuras, and/or respiratory fallure which may
develop suddenly 8-24 hours after ingastion
(HSD 2003),

Other reported acute affacls Include favar,
disturbances of speach and aye movements,
loss of short-term memory, general cedema
{swalling resulting from accumulation of lymph
in tissues and organs), systemic tremor, and
arosion of gastric membranes (HSD 2003)

A cage of transient diabates following Ingastion
of glufosinate has been raported (Takahashi
et al 2000).

Clinical signs include elevated white blood
cell count and liver enzymes, lowerad blood
pressure, metabolic acidosis (low bload pH),
depressed sarum cholinesterase, and inhibition
of the enzyme glutamine synthetase (HSD
2003},

Death results from circulatory failure usually,
1-3 days after ingestion. It has resulted from
doses as low as 3.7 grams, bul others have
survived doses as high as 92.5 grams (HSD
2003},

The acute oral toxic dose for humans has been
identified as 1.6-1.8mikg body weight of Basta
formulation, or 298-333mg/kg of glufosinate
ammonium (KEMI 2002c).

Long-term effects

An epidemiological study of parental
occupational exposure o pesticides in Spain
fournd possible risk of congenital malformations
from parenial exposure to glufosinate (Garcia
at al 19048)

Cases of Poisonings

KEMI {2002c) stated that all known cases of
poisoning {at that time) arose from intentional
oral poisonings, and a “few incidences
of mccidental misuse, About 230 cases
of poisening are known o have occurred
betwaan 18985 and mid-1999, almast all in
Japan, with 9 in France. Morality from all
reporied cases was 19.4dper canl (KEMI
2002c). Poisoning resulied from boih the
active ingradient and the surfactani,

Aquatic toxicity

For a numbear o aqualic organisms, such
as fish, waler fleas and oysters, formulated
products containing glufosinate are more
toxic than the active ingredient alone,
indicating the presence of a toxic surfactant
or othar ‘inert’ ingradient. KEMI [(2002a)
described loxicity as ‘moderate’ for mosi
aquatic species,

Freshwater fish
LC,, Rainbow trout = 580mg/ (%6 hours)
(Kidd & James 1881)
LE,, Bluegill, Carp, Goldan arfe = >1000mg/
| {98 hrs) (HSD 2003)

Froshwater invertebrates
Daphnia (water flea):

«  EC,, (48hrs) = 868mg/l (15-18mgA for
Basta and Liberty)

+  NOEC (no observed effects concentration)
(21 days) = 18mgd

Mysld shrimp:
« EC,, (48hrs) = 7.5mg/l
+ NOEC (21 days) = 0.75mg/

Estuarine/marine
Clams: the Ignite farmulation is highly toxic to
clam larvae (Cox 1996 citing US EPA 1893).

Ovwsters: glufosinate is acutely toxic to
embryos and larvae, and at least one
formulated product is more so (Cox 1996
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citing US EPA 1990a.b).

Shrimp: 1ppm glufosinate caused loss of
equilibrium, and at higher concentrations
(7. 5ppm} death of half the shrimps tested (Cox
1996 citing US EPA 1980c).

Aguatic planis
Green algasa:

= EG,, (72 hrs) = T80mg/l [36mg/| for
formulated product]

«  NOEC (72hrs) = 2.5mgl

Lamna giba (duckweed)
= EC, (14 days) = 1.5mg/l [10mg/l for
formulated product]
»  NOEC (14 days) = 0.8Bmg/l [3.2 mg/ for
formulated product]

Terrestrial ecotoxicity

Birds

Acute LD, for 4 species = > 2000mg/kg bw
Digtary: bobwhite quail = 1100mglkg bw/'day
Reproductiva toxicity: bobwhite quail = 40mg/
kg bwiday (KEM| 2002a),

Al lowar levels of exposura effects on
reproduction occur, principally fewer eggs are
laid (Cox 19896 citing Robarts et al 1981),

Effacts noted in 4 day-old parridgas given a
dosa of 2,000 mg/kg of 96per cant glufosinata
showed slgns of central nervous syslam
damage including ataxla, disaquillbrium,
convulsions, trembling, and wing flapping
(PAN UK 1898 citing MAFF 1990,

KEMI {2002a) identiied that there may be
a lang-tarm risk 1o bird populations where
glufosinate s usad in genetically modified
Crops.

Beos

LD, {96 hrs) is > 345ug/bee by contact and
=G00ug/bes for inhalation (KEMI 2002a).
However the formulation Basta SL14 is more
than 10 times mora oxic by the oral route than
the active ingredient alone, for Basta SL18
and Liberty SL 18 significant effects were sean
at 100ugbee (KEMI 2002a).

Beneficial micro-organisms

Studies of 12 agricultural and 10 forast soils
in Canada found that glufosinate salectively
reduced the number of fungl and bacteria in

soils. In agrcullural solls it reduced fung! by
40 percant and bacteria by 20 percent, and in
forest soils it reduced bacteria by 20 percent,
However the least affected species were plant
pathogens such as Verlicillium, Fusarium
and Pyfthium. The most affected species
ware benaficial micro-organisms such as
Bacilus subiilus, Psevdomonas lurcescens,
and Trichoderma species which parasitise
diseaze-causing species, The glufosinate
therefore impairs their ability io control disease-
causing organisms, for example impairing
Trichoderma's conirol of Fusarum oxysporim
and Pythium aphanidermatum (Ahmad &
Malloch 1995; Ahmad el al 1995a, b).

It also significantly inhibits decomposition of
céllulose In soils (Ismail & Wong 1994) and
is towie to nitrogan-fixing soil bactaria such as
Rhizabivm mealilol (Kriele & Broer 19986),

Earthworms
Low toxicity: LC, (14 days) =1000 mgikg dry
wit (KEMI 2002a).

Beneficial insecis
Glufosinate-ammaonium has inseclicidal
proparbes, [1is highly toxic 1o banahiclal insecis
and KEMI (2002a) determined that the risk o
them was unacceptable. Recommanded fiakd
rates caused nearly 100per cent mortality
in 5 out of B arthropod species tested, with
splders baing particulary sensitive. Spider
populations in the fisld took 2-3 months to
racover, Evan al doses 10 limes lowar than
recommended field rates serlous effects weare
observed on tha Linyphiid spider Pardosa.
Predatory mites were the most sensitive
species (KEMI 2002a)

Glulosinate-ammaonium was found io be highly
toxie to nymphs and adults of three predalory
mite species Amblyselus womarsley! Schicha,
Phytoseius persimilis Athlas-Hennof, and
Tetranychus urticae Koch. It also caused
71.2per cent mortality 1o eggs, 65.0per cent
martality to nymphs and 577 per cent mortality
ta adults of the predatory insect spacies Orius
strigicollis Popplus (Ahn et al 2001).

Glufosinate-ammonium is also toxic to
butterfty caterpillars, with an LD, of 400mgikg
for the Sth-instar caterpillars of the skipper
butterfly Calpodes ethlius, Caterpillars
stopped feeding, became dehydrated as a
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result of the loss of rectal function, showed
symptoms of neurctoxicity, such as tremors in
larval ‘prolegs’ (abdominal structures), body
convulsions and complete paralysis bafore
death. The amaunt of glufasinale-ammonium
that caused this effect was described by the
authors as "comparable to the amount that
might realistically by acquired from feeding
on [glufosinate-ammoaonium]-treated. crops”
(Kutlasa & Caveney 2001).

Herbicide resistance

There are serious concerns regarding the
potential of the gene confering glufosinate-
resistance in transgenic plants to escape from
the plant and be transferred (o weaeads, thus
transfarring the resistance to weads, Such
gana flow can occur through pollen disparsal
or vectors such as viruses and nematodes.

In Japan scientists hava already confirmed the
presence of glufosinate-resistant transganas
in weedy ralatives of ollseed rape (Brassice
napa). Thay found the transgane-infactad
Brassica rapa and Brassica juncea at five of
adx ports and along two of four roadsides in the
Kanto District. As transgenic oilseed raps had
not besn grown in Japan, tha genstic escaps s
assumed o have come from Iransganic seads
spilled during transportation (Sajl e al 2005)

Also In 2008, sclantists in the UK found that
glufosinate-resistance transgenes had been
transferred from an experimental crop of
genetically modified oilseed rape to a related
weed, charlock (wild mustard). The GM weed
was found growing amongst olhars in a fleld
thal had bean usad fo grow tha GM rape
(Brown 2005),

Environmental fate

Soil persistence

Glufosinate has been found in Canadian soils
after 113 days (Cox 1996 citing Smith & Belyk
1988); and in greenhouse soils after 172 days
(Cox 1986 citing US EPA 1888d). The hall-life
in Californian vineyard soils has been reported
as 12-T0 days, with an average of 40 days (Cox
1986 citing US EFA 1992b). Other reported
half-lives vary from 3-20 days, with degradation
eecurring more rapidly at higher temperatures
(KEMI 2002a; HSD 2003). Persistance
increases in sandy solls and with low carbon
content (Allen-King et al 1995). Degradation Is
largely microbial (HSD 2003).

However EFSA (2005) described glufosinate
as having low persistence, the meataboliies
MPP and MPA as having low to moderate
parsistence, and the metabolite NAG formed
in transgenic plants as having vary low
parsistence, in soll under agrobic conditions.
Degradation is much slower under anaerchic
gonditions, with the half-life (DT, ) calculated
to be 388 days (KEMI 2005).

Soil mobility

Laboratory studies indicate glufosinata and
its metaboliles, especially MPP, are modearate
to highty mobile in soils, particularly sandy
soils (EFSA 2005). KEMI (2002a) identified
A high potential for both glufosinate and its
meatabolites o leach in sandy soils, However
limited fleld studies have not found it 1o leach
gignificantly (HSD 2003; KEMI 2002a). Most
residues are found In the top 0-30cm of soll,
but it has been found down to 150cm (KEMI
2005).

Groundwater contamination. |l can
conlaminate groundwater whera thera s
low clay contant and low labile organic
carbon (HSD 2003). MPP may contaminate
groundwater in vulnerable areas (EFSA
200%5).

Water: Il I8 highly soluble in watar, and
nol degradad by photolysis or hydralysis in
watar. Tha half life In water is =300 daya; tha
range of Koc values (coefficient for sorption)
indicates it can have low to high absomption
1o suspended solids and sedimant; and so
may ba persistent in water. [t Is not likely 1o
volatilise from the surface (HSD 2003), The
half-life In waler is =300 days; tha range of
Koc¢ values indicates it can have low (o high
adsorption to suspended solids and sediment;
and it is not likely to volatilise from the surface
(HSD 2003). Glufosinate and the metabolite
MPP are described by KEMI (2006} as baing
“scotoxicologically relevant for surface water
and sedimeants”.

The dissipation half-life of glufosinate in
water at 20°C is 1.4-13 days, and for MPF it
is estimated to be 150 days. The degradation
of metabolites MPA and P-Y Is slower, and
the rates for NAG and P-X are not known
(EFSA 2005).
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Biodegradation. Glufosinate-ammonium is
not readily biodegraded (EFSA 2005),

Air: Glufosinate-ammanium has low volatility
and short parsistenca in the atmosphare
so concentrations in air are expected o be
negligible (EFSA 2005).

Plants: De Snoo et al (Z002) concluded that
glufosinabe-ammonium can cause adverse
effects on off-crop vegelation as a resull of
drift. In thedr expariments thay found significant
phyloloxic affects on non-targel vegatation,
a decreasa of the biomass of the vegetation,
and a amall decrease in species number and
caver, especially for monocolyledons,

The US EPA has identified glufosinate as
having "high risk potential lo sensitive plants”
basad on sclentific avidence of damage to
planis at sublethal levels (Lee et al 2005),

Bloaccumulation: An estimated
bioaccumulation factor (BCF ) of <3.2 suggests
low polantial lo bloaccumulale in aqualic
arganismsa (HSD 2003). KEM| (2002a) glvas
tha BCF as <1,

Altarnatives to Glufosinata

Alternative herbicides

There are many other synthetic chamical
herbicides on tha market, but thess also have
B range of adverse haalth and anvironmantal
effects, such as andocrine disruption, cancar,
neurological damage, reproductiva toxicity,
groundwater contamination, persistence, alc.
Hence their use is NOT recommended as
replacements for glufosinate-ammaonium,

Thare ara some harblcidas darlvad from
natural plant axiracts that can kill or supprass
weeds, such as extracts from pine oil and
cocanul oil. But care must be taken to
ensure that formulations do not include foxic
surfactants, solvents or other inert or adjuvant
ingrediants, Some formulations are permitted
In cerain circumslances in organic growing
syslams.

However, generally a herbicide, even a natural
one, should be regarded as the choice of last
resort, with the primary focus being placed on
alternative weaad management prachces that
pravent the need for a spray.

Alternative weed management

Altermative weed management focuses on
sustainable acological solutions that minimise
the incursion and build up of weeds. It lakes
a haolistic approach to crop managemant that
recognises weeds as an integral part of the
whiole agroecosystem, forming a complex with
beneficial insects, weeds, and crops, The seli-
regulaiory mechanisms of a highly biodiverse
farming system help keep both weed and
pes! species in balance, Although weeds are
genarally regarded by the moderm agricultural
institution as reducing crop productivity and
encouraging pests and diseases, there are
many instances where the reverse is true,
Weads can play a vilal role in suppressing
past and disease populations, improving soils
and increasing yields,

So-called weeds can provide valuable
ground covar, protecting the soll from sun
and rain damage and erosion. Balanoed
waed populations can provide Tavourable
migroclimales thal assist crop growih,
Waad roots can halp improve soll bialogical
activity and structure. Thay can be useful
green manures, Weeds can also produce
chemicals that are beneficial to crop plants-—
for example corncockla produces the chemical
agrostammin, which can increasa tha yield and
gluten content of whaat (Lampkin 1990).

Weads can altract insacl pesls away from
crops andfor provida habitat for beneficial
insacts that control pest species, for example
for ladybirds that control aphids (Lampkin
1990); or the use of Napler grass in East
African maize and sorghum syslams: the
grass produces an odour which allracts slem
borer and a slicky substance which kills tha
larvae (Ho & Ching 2003},

Indian farmer Poorak Kheti, in Mohanpur,
Uttah Pradesh uses the weeds baru (Sorghum
hatepense), doob (Cynodon daclylan),
lipatuiva and motha [(Cyperus rolundus) to
improve soil fertility and the yields of his sugar
cane [Scialabba & Hattam 2002).

Weeds can also be very useful as prized
herbal remadies or valuable additions to the
diet because of their nutritive guality. Plants
that are called weeds by somea are in facl
highly valued plants for others—for example
the Mapier grass mentioned above as a weed
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is highly prized as a source of food and fodder
by some African communities and can be a
lifeline for them.

Waads are axcellen! indicators of problams
with sodl structure and fertility. Weed species
can be read io indicate problems with ph, poor
drainage, compaction, low friability of soils and
nuirient deficiency (Lampkin 1980}, Spraying
the weeds with glufosinate-ammonium or any
ather herbicide will not fix the problem, but
golving the soll health problem will contral
the weed as wall as increase productivity and
resistance o pesis and diseases.

Elements of alternative weed management

can include;

« designing a farm ecosyslem thal
ancourages blodiversity, providing habitats
for benaeficial insects, and utilising weads
as an element of useful blodiversity whilst
minimising the need for intervention to
control them;

= ramding waads o dantify soll protlems and
than making the necessary improvamanis
to soll health (Lampkin 1680);

« {imely and appropriate cultivation prior to
sowing crop o either bury weed seeds or
encourage thelr germination before crop
sowing, although mechanical disturbance
of the soil should ba minimised in order to
prafect the soll siructura (Lampkin 1580,
BIO-GRO 2001);

« sowing of grean manures batwaen crops
helps weed sead garmination, than turning
the green manure and weeds in before
they flower;

* Increasing compealitivaness of the crop
through appropriale nuirient use and
impraving soll health,

« gontrolling the spréad of weed seeds
through good sanitation practices, such
as claaning machinery, cleaning seeds
for saving, caraful use of animal manures,
good composling practices, and avolding
latting weeds go 1o saad;

«  galection of optimum planting dates with
respect o crop choice, lunar cycles and
weather patterns (BIO-GRO 2001);

= appropriate mechanical methods and
cultural practices such as hand and
mechanical weeders. mulches, smothering
riathods, tharmal waad contral, solarisation,
livestock grazing, rolations, use of undear-

sowed species (Lampkin 1990; BIO-GRO
2001),

+ flame weeders can be used pre-
emergencea, post-eameargence and aven
as pra-harvest defoliants for crops such as
potatoes and onions (Lampkin 19907

= introducing ducks into rice growing
systems to eat weed seeds and seedlings
(Ho 1908);

*  jnroducing insect species thatl provide
biological control of weads,
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