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HIGHLY HAZARDOUS PESTICIDES

Glyphosate
(Herbicide)

IUPAC Name- N-
(phosphonomethyl)glycine

Substance Group-
Organophosphate herbicide;
Phosphonoglycine herbicide

Trade names - Glyphogan,
Knockdown, topper 77 and other

names

Classification- (WHO) - Class Il1
(Slightly hazardous

IARC - Group 2A- Probably
carcinogenic to humans

General properties- Synthetic
herbicide

Solubility- In water at 20 °C (mg
1I"1)- High

Volatility- Low volatility

Herbicide resistance
Classification (WSSA) — 9

Banned countries- Mexico, Sri
Lanka, Vietnam and Luxembourg

It is a broad-spectrum herbicide used for the control of annual, perennial
broad-leaved weeds and grasses growing among crops like soybean and
other glyphosate-tolerant crops. They are also used in horticulture,
forestry, gardens and lawns. It is carcinogenic, teratogenic, acutely toxic
and has negative effects on the nervous system, endocrine system and
reproductive system with no available antidote.

Mode of action- Non-specific
herbicide with systemic action. It
is involved in the inhibition of
EPSP (5-enolpyruvyl-shikimate3-
phosphate)  synthase  activity
(amino acid synthesis inhibition)

Formulations -  Glyphosate
Technical 95.00% w/w min,
Glyphosate Ammonium Salt 20%
SL wiw, Glyphosate 41% S.L,
Glyphostate 202 %  SL,
Glyphosate 54% SL (IPA Salt).

Exposure root- Occupational
exposure may occur through
dermal contact.

GHS Hazard Statements-

H318: Causes serious eye damage
[Danger Serious eye damage/eye
irritation

H411: Toxic to aquatic life with
long-lasting effects [Hazardous to
the aquatic environment, long-
term hazard]

Manufacturing companies-
Adama India Pvt Itd, Amba chem
industries, Crystal crop protection
Pvt. Ltd, Excel crop care Itd,
Dhanuka Agritech Itd etc.

Residues; A study was conducted
among Thai women regarding the
presence of glyphosate des in
maternal and foetal serums.
Among the 82 women observed
during the study, 39 % were
farmers. From this study, they
could analyse that glyphosate
concentrations greater than LOD
were more likely to be found in the
serum of pregnant women (Kong
tip et al, 2017).

Among the wurine samples
collected from cattle, hares,
rabbits and humans to detect
glyphosate concentrations,
researchers could detect its
presence in collected urine
samples of German dairy cows,
rabbits, hares and humans (Kruger
et al, 2014). Glyphosate residues
were detected in honey, and soy
sauce purchased from markets in
Philadelphia metropolitan area
(Rubio et al, 2014).
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Regulatory status:

International regulation: It is
included in the PAN International
list of Highly Hazardous
Pesticides. It is currently banned
in 4 countries. They are
considered  moderately  toxic
compounds (Class I1) by EPA and
Slightly hazardous by WHO. It is
approved by European Union.

National regulation: In India,
glyphosate is approved for tea and
non-cropped areas. The Ministry
of Agriculture and farmers welfare
has currently issued a restriction
on the use of glyphosate to restrict
its use in India, on October 2022.

The Maximum Residue Limit
(MRL) prescribed for glyphosate
according to Food safety and
standards (Contaminants, toxins
and residues) Regulations, 2011 is
given in mg/kg.

Tea -1.00
Rice -0.01
Meat products -0.05

Health Hazards

Acute toxicity: Ingestion of
glyphosate is associated with
symptoms like dysphagia,
gastrointestinal haemorrhage,
difficulty swallowing and erosion
of the gastrointestinal tract (Talbot
et al, 1991). It may cause serious
eye damage, headaches, nausea,
and respiratory tract irritation.
Concentrated solutions can cause
dermal irritation. Of the most
intoxicated cases of glyphosate,
pulmonary oedema, arrhythmia
and shock were the main causes of
mortality. Glyphosate surfactant
herbicides may cause acidosis,
acute kidney injury,

cardiovascular  collapse  and
electrolyte abnormalities.

Reproductive and cytotoxicity:

In a study, glyphosate-exposed
rats showed symptoms like
impaired testis, reduced sperm
motility and increased sperm
malformation ratio. Through 16S
rRNA sequencing analysis, they
could find out that exposure
towards this herbicide also altered
the composition of gut commensal
microbiota. This study showed the
association between microbiota
alteration  and  reproductive
toxicity in mammals (Bo Liu et al,
2021).

In a study, the reproductive
toxicity of four glyphosate-based
herbicides was studied in three
different human cell types
(HUVEC (Human umbilical vein
endothelial cells), Human
embryonic kidney 293 cell line
and human choriocarcinoma-
derived placental JEG3 cell line).
Cell deaths were observed within
24 hours. Inhibition of
mitochondrial succinate
dehydrogenase activity, necrosis,
cytosolic  adenylate  release,
activation of enzymatic caspases
3/7 activity, DNA fragmentation
and nuclear shrinkage were
observed (Benachour and Seralini,
2008)

Carcinogenicity:

The herbicide glyphosate is
considered Group 2A (Probable
human carcinogen) by IARC.
Epidemiological studies
conducted for studying the
carcinogenic effects of glyphosate
revealed that this herbicide
induced a slight increase in
pancreatic islet cell adenomas,
hepatocellular adenomas, thyroid

C-cell adenomas, decreased body
weight and mammary gland
tumours among mice (Stout et al,
1990; Knezevich and Hogan,
1983; McConnel, 1986)

Endocrine toxicity:

Glyphosate and glyphosate-based
herbicides are considered
endocrine disruptors. In a study
conducted in human liver HepG2
cells, human cell endocrine
disruption was observed on both
androgen and oestrogen receptors
(Gasnier et al, 2009). The
endocrine disruption was also
observed in animals who received
soy milk supplemented with
glyphosate. Reduced testosterone
levels, Sertoli cell number and
round spermatids were observed
along with an increase in
abnormal sperm  morphology,
epidydimal  tail mass and
degenerated Sertoli cells (Nardi et
al, 2016).

Teratogenicity: When Wistar rats
were ingested with glyphosate,
teratogenic effects like skeletal
alterations, mortality and
developmental retardation in
foetuses (Dallegrave et al, 2003).

Antidote- No specific antidote is
available

Poisoning Data:

Glyphosate poisoning cases were
reported from Nagpur Medical
College during the years 2014 and
2018. Patients developed
symptoms like agitated behaviour,
congestion and ulceration in
buccal and pharyngeal mucosa,
respiratory  distress,  altered
consciousness and sinus
tachycardia. Bradycardia and fatal
ventricular  arrhythmia  may
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develop in glyphosate-poisoned
victims. (Khot et al, 2018).

Several herbicide poisoning cases
were reported in a medical college
hospital located in Himachal
Pradesh. The medical records
showed that between the years
2017-2019, 20 patients were
admitted  following herbicide
poisoning. The commonly
ingested herbicides identified also
included the herbicide glyphosate
(Raina et al, 2019).

Ingestion of glyphosate s
associated with symptoms like
gastrointestinal corrosive effects,
burns in the mouth, and throat,
epigastric pain, dysphagia, renal
and hepatic impairment,
pulmonary oedema, metabolic
acidosis, impaired consciousness,

To be noted...

High doses of herbicides can have
lethal effects. Low doses when
exposed for a long term can cause
chronic health issues. Farmers,
applicators and farm workers are
mostly exposed to herbicides.
Exposure can occur under
deplorable conditions, such as
handling herbicide without PPE
(Personal Protective Equipment)
during storing, mixing, loading,
spraying, disposing and washing
pesticide containers or pesticide-
soaked clothes.
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Environmental fate and effects:

It is moderately persistent in soil.
It does not undergo
photodegradation. Biodegradation
is the primary process with a half-
life of 1.85-7 days. In water,
glyphosate is absorbed into
suspended solids and sediments
and undergoes biodegradation.
Volatilization is not expected in
both soil and water as it has low
volatility.

Acute Ecotoxicity

Mammals - Low
Birds - Low
Earthworms - Low
Honeybees - Low
Fish - Low

Aquatic invertebrates-Low

Bystanders and residents near
herbicide-treated fields can be
exposed to herbicide residues
through contaminated air and
water as a result of herbicide drift.

Women, especially farm workers
are more susceptible to exposure
as they have a high proportion of
fat and hormonally sensitive
tissues. This may produce high
chances of bioaccumulation,
endocrine disruption and
reproductive-linked cancers,
especially breast cancers.
Herbicides may have teratogenic

placental cells. Chemical research in toxicology, 22(1), 97-105.

Bradberry, S. M., Proudfoot, A. T., & Vale, J. A. (2004). Glyphosate
poisoning. Toxicological reviews, 23, 159-167

Aquatic crustaceans- Moderate
Algae - Low

Alternate weed management

Sustainable ecological solutions to
replace  chemical  herbicides
include mechanical, cultural and
biological practices. They include
the utilization of mechanical
weeders, mulching practices, crop
rotation, tillage, soil solarization,
stale seedbed technique, livestock
grazing and smothering methods.
Utilizing weeds for the benefit of
crop protection is a useful element
in agroecological practices. They
can harbour beneficial insects,
attract pests away from crops, can
provide microclimates for
assisting crop growth and are
excellent indicators of soil
structure and fertility.

effects and is a threat to both
pregnant women and foetus.

Children too are prone to exposure
to the herbicide-contaminated
environment as they consume
more air, water and food per unit
of body weight. Exposure can
occur in children living nearby
farmlands,  from  herbicides
applied in schools, parks and
roadsides, playing with herbicide
containers and through ingestion
of herbicide-contaminated food
and water.
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