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Addicted to pesticides
Joseph Lloyd looks at the problems 
around pesticide use in agriculture

Global agriculture is under immense strain. 
In addition to feeding a rapidly growing 
population, it is also required to sustain an 

increasingly important bioenergy (crops for fuel) 
market with a reduced labour force and more hostile 
environmental conditions. Farming must therefore 
be executed with incredible efficiency to achieve high 
yields. One of the ways to achieve this is through 
the application of pesticides: substances designed 
to destroy organisms that are harmful to crops or 
livestock. However, in recent years these substances 
have received increasing criticism for their effects on 
the environment and 
human health.

Glyphosate
Glyphosate is one of the 
most widely used herbicides in the world.
A herbicide is a particular category of pesticide. It 
is a substance that is toxic to plants and used to 
kill weeds. Glyphosate has a similar structure to 
phosphoenolpyruvate (PEP) and so is a competitive 
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inhibitor of the EPSP synthase enzyme, which 
converts shikimate-3-phosphate and PEP into 
5-enolpyruvylshikimate-3-phosphate (EPSP) in the 
shikimate pathway.

This is part of the metabolic process for the 
production of aromatic amino acids, such as tyrosine, 
tryptophan and phenylalanine (i.e. amino acids 
containing a benzene ring). If plants are deprived of 
these amino acids, other metabolic pathways and 
protein syntheses fail, therefore leading to death of 
the organism. Genetically modified crops are able to 
resist these effects, meaning that only weed plants are 
affected by the herbicide.

Recently, a US court ordered Monsanto, a seed 
and chemical company owned by Bayer, to pay $289 
million in damages to a man with terminal non-
Hodgkin lymphoma, who alleges that his illness was 
caused by glyphosate exposure. Despite the verdict, the 
toxicity of glyphosate is still disputed. The International 
Agency for Research on Cancer (IARC) has deemed 
that the herbicide is ‘probably carcinogenic’. However, 
the European Union assessment does not agree. This 
disagreement highlights how different assessment 
methods, both with a strong scientific basis, can lead 
to conflicting conclusions.
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Questions
1 Glyphosate is a derivative of an amino acid. 

Which amino acid is this and what has been 
changed?

2 Why do you think glyphosate has been described 
as ‘probably carcinogenic’ by the IARC?

Check your answers at www.hoddereducation.
co.uk/chemistryreviewextras

Neonicotinoids
Another group of pesticides that has faced heavy 
opposition is neonicotinoids. In the 6 years leading 
up to 2013, 10 million beehives were wiped out by 
a phenomenon known as colony collapse disorder 
(CCD), something that has largely been blamed on 
the use of ‘neonic’ insecticides. CCD occurs when the 
majority of worker bees abandon their hive and has 
been attributed to multiple factors besides pesticides, 
such as parasites, pathogens, habitat destruction and 
malnutrition. Given that 71 of the 100 crop species that 
provide 90% of the world’s food supply are dependent 
on the bee population for fertilisation, CCD is a great 
cause for concern.

Based on nicotine (Figure 1), all neonicotinoids 
have a similar mechanism of action, which is far more 
lethal to insects than mammals. The compounds bind 
to nicotinic acetylcholine receptors (nAChRs) which, 
in insects, are located exclusively within the central 
nervous system of the organism. Ordinary levels cause 
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Figure 1 
Neonicotinoids 
that show a 
resemblance  
to nicotine

nervous stimulation, but excessive amounts cause 
paralysis and the eventual death of the insect species. 

A recent study has shown that bees can become 
addicted to neonicotinoid compounds, just as 
humans do with nicotine. Bees can be exposed to 
neonicotinoids through various paths. Bees foraging 
in and around treated fields are likely to be exposed 
to residue in the pollen and nectar of the crop. As 
neonicotinoids are also water-soluble, it is possible 
for the insecticide to accumulate in the soil. Here it is 
protected from photodegradation (breakdown by light) 
and is instead taken up into new crops as they grow, 
meaning that residues can again be found in pollen 
and nectar, which is then collected by pollinators.

The future
Both glyphosate and neonicotinoids have sustained 
heavy criticism. While glyphosate is still largely in 
use, pesticides are increasingly being phased out, 
with France recently implementing a blanket ban 
on neonicotinoid use. While the preservation of 
environmental and human health is essential, food 
production remains under intense pressure to provide 
enough for all. This begs the question: can we continue 
to feed the world using existing methods? Or will we 
be forced to adopt new methods such as precision 
agriculture and vertical farming?
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