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Chemical pesticides have been used by farmers to prevent insects from destroying their crops
since the 1930s. Pesticides are split into three main categories: insecticides, herbicides, and
fungicides [1]. Chlorinated hydrocarbon insecticides like DDT were widely applied on crops until
the 1960s. Insecticides like DDT fell from favor in the 1970s once the Environmental Protection
Agency (EPA) was established. Currently, farmers utilize microbial agents, synthetic organic, or
synthetic inorganic chemicals to control pests; approximately one billion pounds of pesticides
are applied on crops annually in America [2]. Pesticides can affect the human genome by
deleting or altering certain genes, with farmers facing the highest risk of genetic mutations due
to their prolonged exposure [3].

Pesticides are already known to affect human health in small ways. For example, they can
cause irritation and disrupt hormones in the body [4]. Some pesticides have been observed to
cause epigenetic changes in rodents [5]. In an experiment comparing the chromosomal
alterations between two groups—farmers who were exposed to pesticides and individuals who
were not-researchers from Colombia discovered that there were more monosomies and
deletions in the population that had been exposed to pesticides. The scientists also observed
that the exposed group had a chromosomal abnormality range of 19-41%, while the unexposed
group had a chromosomal abnormality range of only 4-10% [3]. The results demonstrate that
prolonged pesticide exposure led to increased incidences of chromosome abnormalities in the
study sample.

Within pesticides, the presence of chemical compound malathion can lead to DNA methylation,
affecting how genes are expressed. In another study, when researchers from Mexico compared
a group of bone marrow mononuclear cells (BMMCs) exposed to malathion and a group
unexposed, the researchers revealed that the exposed group showed more gene deletions and
alterations. Notably, out of the 3,121 genes with an altered expression, 1,747 were
overexpressed and 1,374 had low expression [6]. Scientists from the United States confirmed
that when testing the effects of malathion, gene mutations were observed in animals and
humans. As such, the chromosome damage caused by malathion implies a risk for toxicity to
human genes [7].

When researchers compared human gene samples before and after exposure to pesticides,
they discovered that half of the samples showed similar alterations, with some of the samples
exhibiting hypermethylation and others exhibiting hypomethylation. The methylation value
directly correlates to the expression of a gene, causing proteins to produce inconsistent
amounts of their specialized products. An irregular methylation value can lead to serious
diseases like cancer and Parkinson’s disease [8]. From another study in North Carolina,
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researchers noticed that farmers who worked with pesticides had an increase of methylation
compared to other workers [9]. The hypermethylation shown in the studies suggest that
pesticide exposure can alter activity in the human genome.

Pesticides can also lead to negative effects for fetuses. When fetuses are exposed to pesticides
in utero, there is a slightly higher chance for the babies to develop tumors after birth. Having
been exposed to pesticides during pregnancy or at a very young age can increase the
possibilities for children to acquire genetic mutations possibly leading to cancer. Researchers
have found that even the slightest amount of exposure to flea or tick pesticides could lead to
brain tumors forming in children [10].

Moreover, when studying animal and human genes, researchers in Italy noticed that certain
pesticides, like ones that are considered endocrine disruptors, modified epigenetic markers [4].
Another Italian study noted that xenobiotics, such as pesticides, led to alterations in the
epigenome. The disruptions in the genome could also lead to lack of stability in human cells

[11]. Epigenetic changes, like histone modifications and changes in gene expression, are crucial
for cell specialization, but too many epigenetic changes could lead to diseases like cancer [12].
Thus, it is important to examine the evidence in an objective manner and understand that while
pesticides are likely to increase cancer risk when people are exposed to them for long periods of
time, some exposure likely is not overly harmful.

Although pesticides may help with preventing pests from consuming crops or destroying
farmland, it also negatively affects the health of farmers because their occupation requires them
to be in constant, close contact with the chemicals in pesticides. They can lead to DNA
methylation, alter expression, and increase risk of genetic mutation. In order to decrease the risk
of cancer and reduce changes to the genome for this population, it may be worth developing
functioning pesticides that cause less overall harm to human health.
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