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Abstract We evaluated 41 rural workers occupationally
exposed to pesticides and 32 subjects as a control group,
using the micronucleus (MN) and the comet assay. For the
comet assay, we evaluated the peripheral blood, and for the
MN, we sampled cells from the oral epithelium. Damage to
DNA was measured by tail length, % DNA in tail (% tail),
olive tail moment (OTM), and tail moment (TM). The
exposed group presented an 8× increase in MN frequency,
when compared to the control group (p <0.05). When we
contrasted the MN frequencies between the individuals that
use and do not use personal protective equipment, we found
a mean of 7.5 MN (57 % variance) and 12.1 MN (130 %
variance), respectively. The binucleated cells were 0.04 and
0.005, in the exposed and control groups, respectively,

indicating 8× increase in the number of binucleated cells,
when comparing the groups (p <0.05). In the comet assay,
we demonstrated statistically significant differences in three
parameters (% DNA, OTM, and TM) indicating that the
rural workers presented high levels of genomic damages.
Our results indicate that occupational exposure to pesticides
could cause genome damage in somatic cells, representing a
potential health risk to Brazilian rural workers that deal
constantly with agrochemicals without adequate personal
protection equipment.
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Introduction

The term pesticide is used to describe a wide variety of
chemicals used to kill weeds (herbicides), insects
(insecticides), and fungi (fungicides) (Simoniello et al.
2008). Human contact with these products is mainly due
to their widespread use in agriculture, horticulture, forestry,
and handling of pesticides in secondary processing indus-
tries (McDuffie 2001). Pesticide consumption grows corre-
sponding to the advance of the agribusiness model, which
intensifies land usage and uses large amounts of pesticides
to ensure industrial-scale production.

Currently, Brazil is fourth among the top ten countries
that represent 70 % of the world market in pesticides, and
between the years 1964 to 1991, domestic consumption
increased to 276 % (Gonzaga and Blank 2005). Exposure
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to pesticides both occupationally and environmentally
causes a lot of problems to human health. It is estimated
that globally, there are 10,000 deaths per year due to the use
of chemical pesticides, with 80 % of these occurring in
developing countries (Chitra et al. 2006). Generally, the
occupational exposure of agricultural workers occurs due
to the lack of information or resources. Thus, personal
protective equipment (PPE) tends to not be used during
the preparation and/or use of pesticides, because such equip-
ment is not always appropriate to Brazilian climate.

According to Preston (2003), biomonitoring of human
populations exposed to potential mutagens is an efficient
and early system to detect adverse effects in endocrine,
immune, nervous, and reproductive systems in agricul-
tural populations. In Brazil, the use of pesticides in
agriculture has been increasing continuously, and as a
consequence, the effects of environmental exposure show
an epidemiological profile in cancer distribution, both in
the occupational population and in the general population
indirectly affected by food and water contamination
(Santos et al. 2008).

The possible toxic effects of such exposure are still
unclear and information on toxicity that relates only to the
activity of the ingredients is not sufficient to assess the risk
of the adverse effects of pesticides on humans and environ-
mental health. Regarding genotoxicity, the determination of
genetic changes in individuals exposed to pesticides can be
used as a marker of early biological effect, providing a
general framework of genotoxic exposure to pesticides
(Bolognesi 2003).

Several studies have reported the injurious effects of
pesticides on human health. However, at Goiás, an
agropastoral state, there has been no research that used the
various classes of genetic markers in farm workers occupa-
tionally exposed to chemical agents. Thus, this study aimed
to assess the biological effect of occupational exposure to
pesticides on the genome of these workers, which may
contribute to understanding the risks to human health due
to individual exposure, reinforcing the need for occupational
safety measures that are designed to maintain physical
health and protect against the development of occupational
diseases. Thus, an understanding of the biological aspects
underlying the human cellular system’s exposure to pesti-
cides allows greater protection of farm workers’ health.

Material and methods

Study population

We carried out a case–control study recruiting 73 people,
divided into 41 workers from agricultural cooperatives in
the Goiás municipalities (Fig. 1), with a history of

occupational exposure to pesticides. Subjects were random-
ly selected and samples were obtained voluntarily,
according to the terms of consent. As a control group, 32
men were selected, also from Goiás State, who presented
similar socio-environmental factors (age, smoking, alcohol)
as rural workers, but who have never had exposure occupa-
tionally to pesticides.

A questionnaire was completed to obtain information on
standard demographic data such as age and gender; on
individual lifestyle such as diet, smoking habits and alcohol
consumption; and finally, there were occupational questions
such as working hours, years of exposure, use of protective
measures, pesticides used, and intoxication events. This
study was approved by the Brazilian National Committee
on Ethics Research (179.0.168.000-11) and an informed
written consent was obtained from each individual before
the beginning of this study.

Cytogenetic assays

Samples of buccal cells were collected from sites of the oral
mucosa to determine the frequency of micronuclei (MN).
This methodology was performed with the aid of a tongue
depressor, removing the sample from the right and left
cheeks epithelium, after one mouthwash with water to elim-
inate the presence of food remains and to diminish the
concentration of bacteria on the slides. The mucosa was
scraped and the cells were spread on slides previously
cleaned with absolute alcohol. The slides were dried at room
temperature and then fixed in ethanol for approximately
15 min (Minasi et al. 2011).

Then, the slides were submitted to acid hydrolysis using
10 % HCl (20-mL concentrated HCl in 120-ml distilled
water) for 2 min at room temperature. Afterwards, the slides
were placed in a water bath at 60 °C for 6 min and finally,
for 2 min at room temperature. The slides were stained by
Feulgen method and were left in a basic fuchsine solution in
the dark for 15 min. Next, the slides were slightly rinsed in
water to remove the excess stain and finally counterstained
in fast green for 10 min and rinsed in 70 % ethanol. Two
slides were prepared for each subject, 2,000 cells being
analyzed in each case with an increase of 1,000× (Minasi
et al. 2011). The micronuclei were identified by the criteria
established by Tolbert et al. (1992), such as: a size less than
one third the diameter and at least one sixth of the main
nucleus; the MN must not be refractive; its staining must
show the same color as the other nuclei, but it can have
greater intensity; and it must not be connected to the main
nucleus. Cells with two nuclei were considered as binucle-
ated and analyzed according to Lope et al. (2010).

The comet assay methodology was done under alkali
conditions according to Singh et al. (1988), with slight
modifications. Cells were suspended in 0.7 % low melting
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point (LMP) agarose in saline buffer phosphate (pH 7.4) at
37 °C, and 80-μl LMP (low melting point) agarose, with
20-μl cells pipetted onto a microscope slide precoated with
100 μl of 1 % agarose. The agarose was allowed to set on
ice for 5 min, and the slide was immersed in lysis solution
(2.5-M NaCl, 100-mM Na2 ethylenediaminetetraacetic acid
(EDTA), 10-mM Tris, NaOH to pH 10±0.5, and 1 % Triton
X-100) for 1 h at 4 °C to remove cellular proteins. The slides
were placed in an electrophoresis tank containing 0.3-M
NaOH and 1-mM Na2 EDTA (pH >13) for 20 min. Electro-
phoresis was performed at 25 V (1 V/cm, 300 mA) for
20 min at an ambient temperature of 4 °C. Two slides were
processed for each sample, including negative and pos-
itive (H2O2 50 μM) controls. The cell nuclei were
visualized using a 10× objective and the fluorescent
image was captured using the ISIS® software, analyzing
two slides for each individual. We counted, at random,
50 cells totaling to 100 cells per individual, which were
analyzed by “comet score” version 1.5. For analysis of
the comet assay, we considered four parameters related
to genomic damage: tail length (TL), percentage of
DNA in the tail (% DNA T), olive tail moment
(OTM), and tail moment (TM).

Statistical analysis

Life habits of the exposed group, as well as age, number of
children, and other variable were correlated with the fre-
quency of micronucleus, and frequencies of binucleated
cells, and also with genomic damage, assessed by the comet
assay.

In all analyses, we verified if the frequency of
micronuclei, binucleated cells, and the genomic damage
would be associated with the chronic use of pesticides. It
was verified if smoking, alcohol consumption, and time of
pesticides usage would be able to increase the genomic
damage of the workers, compared to the control group.
The analysis included descriptive statistics, Student t test
and simple linear regression. For all statistical analysis, a
0.05 level was used to determine significance using the
BioEstat 5.0 program (Ayres et al. 2003).

Results

The distribution of subjects related to age, gender, smoking,
and alcohol consumption is presented in Table 1. Most rural
workers (56.1 %) worked with more than one type of grown
food, such as pumpkin, rice, beans, African eggplant, pas-
sion fruit, watermelon, corn, cucumber, soybean, and toma-
to. The remaining rural workers worked in the monoculture
of tomato (19.5 %), soya (9.8 %), and banana (3.6 %). The
length of time of exposure of rural workers to pesticides is
shown in Table 2.

The use of PPE was described by 56.1 % of the rural
workers while 18 (43.9 %) did not use any type of protection.
After evaluating the exposure to pesticides, it was observed
that 43.3 % of the workers were exposed to more than one
type of pesticide, and some workers were exposed to up to six
different products (Table 3). Of the rural workers, 57 % were
exposed to only one pesticide—identified as glyphosate
(herbicide), fenpropathrin (insecticide), or carbofuran

Fig. 1 Representing map of
Brazil and Goiás state,
demonstrating the 09
municipalities sampled to
obtain the biological samples of
the rural workers
occupationally exposed to
pesticides
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(insecticide)—the first two being classified as moderately
toxic and the last one as highly toxic; 26.7 % were exposed
to two pesticides; and 6.7 % were exposed to five distinct
types of pesticides, as described in Table 3.

Episodes of intoxication were reported by 12 (29.3 %) of
those interviewed (N=41), whose main signs were body
aches and headaches, nausea, vomiting, dizziness, chills,
illness, irritability, alteration in the skin, and fainting. Of
all workers who reported signs of intoxication, only 7
(17 %) did not use PPE. The symptoms ascribed to which
pesticides are listed in Table 4. According to the rural
workers, the mean diary dose was 4 h and the mean expo-
sure time was 17 years (SD=±13.9).

For the exposed group, the frequency of MN was 0.008,
while in the control group the frequency was 0.001, indi-
cating that the exposed group presented 8× more
micronuclei than the control group (t test=5.5; p <0.0001).
Furthermore, the frequency of binucleated cells in the ex-
posed group (0.04) is 8× higher (t=11.7; p<0.0001) than the
control group (0.005).

A simple linear regression analysis detected no statisti-
cally significant differences between age and number of
micronuclei in the exposed group (F=0.03; p=0.86) and
between age and the amount of binucleated cells in the
exposed group (F=0.37; p=0.55). There were also no sta-
tistically significant differences detected between the num-
ber of micronuclei and binucleated cells when related to the
time of exposure to pesticides, smoking, and alcohol con-
sumption (p >0.05).

With respect to the use of PPE and the amount of
micronuclei, individuals who used such equipment had, on
average, 5.7 MNs and those who did not use it had, on
average, 12.1 MNs, indicating that the use of PPE may have
a protective effect against the pesticides (t=3.0; p<0.05).
However, this tendency was not observed when comparing
the quantity of binucleated cells among those using PPE
x ¼ 34ð Þ or not x ¼ 41ð Þ.
To the comet assay, we evaluated four parameters, as

described in Table 5. The mean and standard deviations of
each parameter were obtained both in the exposed and in the
control groups. For the TL parameter, there is no statistically
significant differences between the exposed and control
groups (t=1.5; p >0.05). As for the parameter % DNA in tail,
statistically significant differences were detected between the
exposed and control groups (t=10.5; p <0.05), indicating that
rural workers had more genomic damage when compared to
the group control. In TM parameter, we also detected statisti-
cally significant differences between the exposed and control
groups (t=6.7; p <0.05), also indicating higher levels of
genomic damage in farm workers exposed to pesticides in this
study.

Finally, for the parameter OTM, statistically significant
differences were detected between the control and exposed
groups, indicating once more larger genomic damage in the
exposed group compared to controls (t=3.4; p <0.05). In the
exposed group, individuals who drink and smoke had no
higher TL (t=1.4; p >0.05), % DNA in tail (t=1.5; p >0.05),
TM (t=1.2; p >0.05), and OTM (t=1.4; p >0.05) levels,
when compared with nonsmokers or nondrinkers.

Discussion

The use of pesticides has brought a number of conse-
quences for the environment and for the health of rural
workers. These consequences are conditioned by factors
that are intrinsically related, such as the inappropriate
use of these substances, the high toxicity of certain
products, the lack of utilization of protection equipment,

Table 2 Exposure time of the rural workers evaluated

Years of exposure

≤1 ≤10 ≤20 ≤30 >30

N 9 6 13 7 6

% 22.0 14.6 31.7 17.1 14.6

Table 3 Quantity of rural workers associated to multiple pesticide
exposure

Pesticide number Rural workers (N/%)

1 17 (56.7 %)

2 8 (26.7 %)

3 1 (3.3 %)

4 1 (3.3 %)

5 2 (6.7 %)

6 0

7 1 (3.3 %)

Table 1 Demographic characteristics of controls and exposed workers

Parameter Controls (n=32) Exposed group (n=41)

Age (Mean ± SD) 43.9±15.2 39.8±11.7

Gender (n) (%)

Female 2 (6.2 %) 2 (4.9 %)

Male 30 (93.8 %) 39 (95.1 %)

Smoking (n) (%)

Yes 10 (31.2 %) 10 (24.4 %)

No 22 (68.8 %) 31 (75.6 %)

Alcohol (n) (%)

Yes 25 (78.1 %) 31 (75.6 %)

No 7 (21.9 %) 10 (24.4 %)
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and the insecurity of surveillance (Oliveira-Silva et al.
2001).

Mostly of the rural workers (57 %) were exposed to only
one pesticide—identified as glyphosate (herbicide),
fenpropathrin (insecticide), or carbofuran (insecticide).
Glyphosate is a broad spectrum, nonselective systemic her-
bicide used for control of annual and perennial plants,
including grasses, sedges, broad-leaved weeds, and woody
plants. It can be used on non-cropland as well as on a great
variety of crops. Glyphosate itself is an acid, but it is
commonly used in salt form, most commonly the
isopropylamine salt. It may also be available in acidic or
trimethylsulfonium salt forms. It is classified as non-
genotoxic and non-carcinogenic in humans, based on stud-
ies on laboratory animals (EPA 1993; Tomlin 2006).

Fenpropathrin is used to control a range of insects, espe-
cially mites, in fruits and vegetables. The main target pests
include mites, aphids, beet armyworm, mealybug, potato

leafhopper, moths, leaf rollers, and lace bugs. It is most
often used on pome fruit, citrus fruit, vines, hops, vegeta-
bles, ornamentals, cotton, field crops, and glasshouse crops
(Kegley et al. 2010). Carbofuran is one of the most toxic
pesticides. It is used to control insects in a wide variety of
field crops, including potatoes, corn, and soybeans. It is a
systemic insecticide which means that the plant absorbs it
through the roots, and from here, the plant distributes it
throughout its organs where insecticidal concentrations are
attained. Carbofuran also has contact activity against pests
(EPA 2006). So, the impact of conventional agriculture on
the health of rural workers by the use of pesticides is a
research area of great importance and still incipient in Bra-
zil. The studies in this field indicate underreporting by
health agencies when it comes to intoxication by misuse
and overuse of pesticides, affecting the health of workers
and consumers (Leite and Torres 2008).

In our study, the rural workers were exposed to a large
number of pesticides, none of which were classified as being
carcinogenic by the EPA. As discussed by Simoniello et al.
(2008), the assessment of associations with individual pes-
ticide exposure is not easy to do, once the majority of
occupations involve the regular use of a large number of
different pesticides, together with other chemicals such as
co-formulants, which vary greatly in their potential toxic-
ities and potencies. And, according to Bull et al. (2006),
measurements of systemic exposure to pesticides were not
taken and therefore correlations of increased genotoxicity
biomarkers with degree of exposure were not possible.

In the state of Goiás, there is concern about the overuse
of pesticides in the cultivation of tomatoes. In our study,
19.5 % of the exposed group worked exclusively in this
culture. However, the use of pesticides like organophos-
phate and even pesticides not recommended for tomatoes
can expose rural workers to the risk of poisoning and chron-
ic health problems including neurological effects, reproduc-
tive or development problems, and cancer (Latorraca et al.
2008; Bolognesi et al. 2011).

Another study in the Midwest region of Brazil (Caires
and Castro 2002) reported that most of the pesticides used in
the municipality of Alta Floresta (MT) were classified as
highly toxic, especially the active ingredients glyphosate
and 2,4-dichlorophenoxy acid, results that are similar to this
study. Among the rural workers from Serra Gaúcha (RS), it
was found that 35 % did not use any type of PPE, and
adherence to use was lower among older workers. Pesticides
based on carbamates (28 %) and glyphosate (16 %) were
responsible for the majority of poisonings (Faria et al.
2000), as related in our study, in which 56.7 % of the rural
workers were exposed to glyphosate or carbofuran.

As with the results obtained in this research, workers
exposed to pesticides presented more genomic damages than
non-exposed workers, either evaluated by the comet assay

Table. 4 Symptoms ascribed related to intoxication events in the rural
workers

Symptoms Main principle

Body aches, dizziness,
irritation, upset, tremors

Fenpropathrin, pyraclostrobin; cartap
hydrochloride, methyl parathion,
profenofos

Burning sensation
in the nose

Glyphosate

Headache Glyphosate

Body aches Glyphosate; abamectin

Nausea, vertigo,
dizziness, fainting

Glyphosate

Headache, dizziness,
irritability, tremors

Methyl parathion;
lambda-cyhalothrin; hydrochloride
cartap; carbofuran, deltamethrin

Body aches, dizziness,
malaise, tremor,

Carbofuran; hexachlorocyclohexane

Headache Not informed

Headache, nausea,
dizziness, tremors

Carbofuran

Headache Glyphosate

Body aches Glyphosate

Headache, nausea,
dizziness, malaise,
tremor

Lambda-cyhalothrin, permethrin,
methyl parathion, methyl
thiophanate

Table 5 Median of the four comet assay parameters evaluated in the
exposed and control groups

TL* % DNA** TM*** OTM****

Exposed 4.9±1.81 5.71±1.63 0.18±0.13 0.54±0.21

Controls 3.82±2.34 1.13±1.25 0.02±0.04 0.09±0.13

*Tail length (p >0.05); **% of DNA in tail (p <0.05); ***Tail moment
(p <0.05); ****Olive tail moment (p <0.05).
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(Garaj-Vrhovac and Zeljezic 2002; Simoniello et al. 2008;
Agopian et al. 2009; Bortoli et al. 2009; Paiva et al. 2011;
Benedetti et al. 2013) or by the presence of higher numbers of
MN or binucleated cells (Bolognesi and Morasso 2000;
Ergene et al. 2007; Costa et al. 2007; Martínez-Valenzuela et
al. 2009; Remor et al. 2009; Kvito et al. 2012).

In those studies, there is not a clear statement if the usage
of personal protective equipments associated to other factors
such as age, gender, smoking, and alcohol consumption
could influence genetic damages. Contrasting Remor et al.
(2009), in our study, workers who did not use PPE
presented, mostly, a larger distribution of micronuclei and
an increase of 137 % compared to those that used PPE.
Perhaps the effectiveness of PPE cannot be proven because
the information obtained from the workers is not reliable, as
they may feel pressured to respond using PPEs (when, in
fact, do not use).

In our study, factors such as smoking, alcohol consump-
tion, and exposure to pesticides did not affect the number of
micronuclei in binucleated cells and in the parameters relat-
ed to genomic damage, analyzed in the comet assay, as
demonstrated by other groups (Sailaja et al. 2006; Costa et
al. 2007; Ergene et al. 2007; Agopian et al. 2009; Martínez-
Valenzuela et al. 2009; Remor et al. 2009; Kvito et al. 2012).

In this context, the differences between results obtained
by biological monitoring of groups exposed to pesticides
may reflect different exposure conditions, such as magni-
tude of exposure, protective measures, specific genotoxic
potential, type of culture, environmental factors, endoge-
nous factors, formulation, and potential for absorption of
the pesticide, and laboratory technique used. For these rea-
sons, a genotoxicity study conducted in a specific occupa-
tional risk condition cannot be extrapolated by other
situations that occur in genetic and occupational risks in-
volved (Bolognesi and Morasso 2000; Sailaja et al. 2006).

The perception of risk when rural workers use pesticides
is often overlooked and can expose workers to the risk of
poisoning, since many of them fail to interpret labels and
package inserts of products. When we evaluated the risk
perception of the rural workers, all of them were aware of
the risks resulting from direct and indirect pesticides expo-
sure, and many were concerned about potential environmen-
tal contamination. They complained about the small print
and technical language used on the labels, but all of them
were able to understand the color toxicity codes, as related
by other Brazilian groups (Moreira et al. 2002; Peres et al.
2005; Recena and Caldas 2008).

Another problem occurs when rural workers are com-
pared to larger groups of workers exposed to hazardous
substances. The issues related to rural workers have not
been a priority for healthcare research, and have not been
highlighted in the regulatory policies of some countries.
With the exaggerated application of chemicals in Brazilian

plantations, pesticide use is no longer a question related
specifically to agricultural production and is becoming a
more general problem of public health and nature conserva-
tion (Peres and Moreira 2007; Bortoli et al. 2009).

Finally, this paper presented an association between pes-
ticide exposure and an increase in either DNA damage or in
the number of micronuclei. So, our findings showed that
pesticides in long-term exposure could act as mutagenic
agents. But unfortunately, as the rural workers were exposed
to distinct products, it is not possible to determine the effect
of a specific compound on the genome of such workers.
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