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Pendimethalin 

 (Herbicide)  

 

 

 

It is a pre-emergence herbicide used for the control of common weeds 

and annual grasses like pigweed, goosefoot, purslane, barnyard grass, 

goose grass, crabgrass and common buffalo grass in crops like cereals, 

fruits and vegetables. It is carcinogenic, acutely toxic and has negative 

effects on the cells, DNA, nervous system, endocrine system and 

reproductive system with no available antidote.  

 

 

 

IUPAC Name- N-(1-ethyl 

propyl)-2,6-dinitro-3,4-xylidine 

Substance Group- Dinitroaniline 

herbicide 

Trade names - Pendigan, 

Esteron-p, Dhanutop, Gadar, Tata 

panida and other names. 

Classification- (WHO) - Class II 

(Moderately hazardous) 

General properties; Synthetic 

herbicide 

Solubility- In water at 20 °C (mg 

l⁻¹)- low 

Volatility- Low volatility 

Herbicide resistance 

Classification (WSSA) – 3 

Banned Countries- Norway 

 

 

 

 

 

Mode of action- Selective 

herbicide. Absorbed primarily via 

roots and leaves into plants. 

Involved with the Inhibition of 

mitosis, cell division and 

microtubule assembly. 

 

Formulations - Pendimethalin 

5% Granules, Pendimethalin 

Technical 90% w/w, 

Pendimethalin 30 % EC, 

Pendimethalin 38.7% CS. 

 

GHS Hazard Statements-  

 

H317- May cause an allergic skin 

reaction [Warning Sensitization, 

Skin] 

H400-Very toxic to aquatic life 

[Warning hazardous to the aquatic 

environment, acute hazard] 

H410- Very toxic to aquatic life 

with long-lasting effects [Warning 

Hazardous to the aquatic 

environment, long-term hazard] 

 

Manufacturing companies- 

Adama India Pvt ltd, Amba chem 

industries, Dhanuka Agritech ltd, 

HPM Chemicals & Fertilizers Ltd, 

JU Agri Sciences Pvt. Ltd. Etc. 

 

 

 

Exposure root- Occupational 

exposure may occur through 

dermal contact. 

 

Residues- The residues of this 

herbicide have been detected in 

many crops. Harvest time residues 

of pendimethalin were detected in 

tomatoes, cauliflower and radishes 

in 0.008, 0.001, and 0.014 μg/g 

when it was applied as a pre-

emergence herbicide (Sondhia, 

2013). In farm gate samples of 

green chilli monitored for the 

presence of pesticide residues in 

Rajasthan, pendimethalin residues 

were found (Annual project report 

of All India Network Project on 

Pesticide Residues, 2019). 

 

 

Regulatory status:  

 

International regulation: 

 Pendimethalin is currently 

banned in one country, Norway. It 

is included in the PAN 

International list of Highly 

Hazardous Pesticides. It is 

approved for use in European 

Union. 

National regulation: In India, this 

herbicide is recommended for 
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crops like wheat, rice, cotton, 

soybean, pigeon pea, chilli, onion, 

mustard and cumin. This herbicide 

is included in the report of the 

Expert committee under the 

Chairmanship of Dr Anupam 

Verma, held on 22nd December 

2015, to review 66 pesticides 

which are currently banned, 

restricted or withdrawn in one or 

more countries but continue to be 

registered in the country. 

The Maximum Residue Limit 

(MRL) prescribed for 

pendimethalin according to Food 

Safety and Standards 

(Contaminants, toxins and 

residues) Regulations, 2011 is 

given in mg/kg. 

Wheat  -0.05 

Rice  -0.05 

Soyabean oil -0.05 

Cotton seed oil -0.05 

Chilli  -0.05 

Dried chilli -0.50 

Onion  -0.40 

Red gram -0.05 

 

 

Health Hazards 

 

Acute toxicity: This herbicide is 

reported to cause human health 

issues like skin, eye and 

respiratory tract irritations. It is a 

skin sensitizer. Symptoms of 

poisoning include headache, 

nausea, giddiness, vomiting, 

sweating, excessive lacrimation 

and salivation. 

Chronic toxicity: It is a 

considered thyroid and liver 

toxicant. 

Reproductive toxicity: The 

xenoestrogen nature of 

pendimethalin was observed in 

teleost Clarias batrachus 

(Linnaeus). When exposed to the 

sublethal concentrations of the 

herbicide, a significant increase in 

plasma 17β-estradiol (E2) was 

observed in male fishes. Also, 

plasma testosterone levels 

decreased in both sexes. An 

increase in Plasma vitellogenin 

(VTG) and Gonadal aromatase 

activity in males was also 

observed. This indicated the 

induction of reproductive toxicity 

in fishes. The study suggests that 

this herbicide may be able to 

produce risk factors for human 

beings when exposed long term 

(Gupta and Verma, 2020). 

 

Cytotoxicity: Studies reveal that 

contamination by pendimethalin 

can induce toxicological and 

endocrine side effects in both 

humans and other animals. The 

effects of pendimethalin exposure 

studied in human umbilical vein 

endothelial cells (HUVECs) were 

studied and results suggested that 

the exposure resulted in the 

decrease of the viability of the 

cells and also induced loss of 

mitochondrial membrane 

potential. It also increased the 

proportion of necrotic cells, 

apoptotic cells and expression of 

BiP, p-elF2α, and ATF4. 

Repressed tube formation and 

migratory ability were also 

observed (Lee et al, 2022).  

 

Genotoxicity: The ability of 

chloroaniline herbicides 

(pendimethalin &trifluralin) to 

induce genotoxicity in mammals 

was studied in Chinese hamster 

lung fibroblast cells (V79) and 

human peripheral lymphocytes. 

The reactive oxygen species 

(ROS) levels were estimated and 

found to be increased by the 

herbicides. They also induced 

DNA damage on human 

peripheral lymphocytes and V79 

cells. The increase in 

micronucleus frequency suggested 

chromosomal damage in the cells 

(Kilic et al, 2018). 

 

Carcinogenic effect: Studies 

suggest that environmental 

exposure to dinitroaniline 

herbicides can alter tumour 

suppression genes. The 

carcinogenic effects of 

pendimethalin were studied by 

treating human non-small lung 

cancer cells with this herbicide 

along with trifluralin. The 

expression levels of BCL-2, BAX, 

CAS3, CAS9, P53, BIRC, and 

PPIA (apoptosis-related genes) 

were examined with several 

concentrations. Reduced 

apoptosis and tumour growth in 

A549 cells were observed (Kilic 

and Bucurgat, 2018). 

 

Antidote- No specific antidote is 

available 

 

Poisoning Data 

 

A pendimethalin poisoning case 

was reported from rural India 

where a 25-year-old male farmer 

developed symptoms like watery 

vomiting, headache, burning 

sensation, unconsciousness and 

pain in the throat and abdomen. In 

another case, a 73-year-old man 

was subjected to pendimethalin 

poisoning. He developed nausea, 

epigastric pain and corrosive 

gastroduodenal damage. The 

major clinical manifestations of 

pendimethalin poisoning include 

headache, nausea, vomiting, 

retching, sore throat and 

haematemesis etc (Kumar and 

Verma, 2013) 
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Environmental fate and effects:  

 

The half-life estimated for vapour-

phase pendimethalin is estimated 

to be 13 hours and in soil, it’s been 

reported 3-4 months. The 

biodegradation of pendimethalin 

is not an important fate process. 

But the volatilization from moist 

soil is one. The process of 

volatilization is attenuated in soil. 

Pendimethalin is a persistent 

herbicide when incorporated into 

the soil with no mobility.  

The US Environmental Protection 

Agency has classified this 

herbicide as Persistent 

Bioaccumulate Toxin (PBT) for 

the fact that they do not degrade in 

the environment easily. From the 

studies, it can be interpreted that 

pendimethalin is capable of 

contaminating the surface waters 

through drift from aerial or ground 

spray application, runoff waters 

and irrigation waters. Studies 

reveal that the use of 

pendimethalin in cotton is a threat 

to endangered species like 

Slackwater darter and freshwater 

mussels. 

Acute Ecotoxicity   

Mammals - Low  

Birds  - Moderate  

Earthworms -Low  

Honeybees - Moderate  

Fish  - Moderate  

Aquatic invertebrates- 

Moderate  

Sediment-dwelling organisms- 

Moderate  

 

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.  

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.  

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 

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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