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Abstract
Objectives: This study aimed to evaluate cytogenetic damage in the buccal mucosa of non-exposed subjects (N = 33) and insecticide-exposed 
fumigators (N = 31) in the urban area of Cali, Colombia. Material and Methods: Through a questionnaire sociodemographic data, anthropo-
metric measurements, state of health, and lifestyle were collected. Buccal micronucleus cytome (BMCyt) assay was using for evaluate cytogenetic 
damage. Results: The study showed that all fumigators used adequate personal protective equipment (PPE) and had low alcohol consumption. 
The authors did not find significant differences in BMCyt biomarkers between the groups (p > 0.05). Multivariate analysis showed a 13% increase in 
micronucleus (MN) frequency for every year of increasing age (OR = 1.13, p = 0.029), and higher MN with the decrease in daily fruit consumption 
(OR = 4.71, p = 0.084), without statistical significance. Conclusions: The results between groups could be related to healthy habits and PPE use 
among the subjects. Int J Occup Med Environ Health. 2024;37(1):128–37
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INTRODUCTION
The extensive use of insecticides has generated con-
cern about adverse environmental and human health 
effects  [1,2]. Issues associated with these compounds 
may be underestimated due to under-registration, han-
dling of these compounds, deficient regulatory and sur-
veillance systems, non-compliance with regulations, and 

inadequate access to information systems  [3]. Although 
the entire population is exposed to these compounds, the 
population group at higher risk of suffering adverse effects 
due to acute and chronic insecticides exposure is the oper-
ating personnel in charge of formulating, preparing mix-
tures, and applying them. According to the International 
Agency for Research on Cancer (IARC), insecticides such 
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sion criteria were males >18 years of age, apparently 
healthy, and non-smokers. The subjects who self-reported 
chronic and infectious diseases, family or personal history 
of cancer, consumption of antibiotics and other xenobiot-
ics, and exposure to ionizing and non-ionizing radiation, 
during the 4 months before the biological sample collection, 
were excluded. The study comprised a total of 64 partici-
pants, consisting of 31 fumigators and 33 individuals from 
the general community, residing in the same geographical 
area without occupationally exposed to insecticides, envi-
ronmental pollutants, or genotoxic substances. This sample 
size has been reported to be sufficient to detect differences 
in cytogenetic effects between the 2 groups [11].

Subject recruitment
Urban fumigators were recruited from public and private 
entities of pest and vector control programs. The subjects 
not occupationally exposed were mostly security and sur-
veillance workers from an educational institution. Before 
inclusion in the  study, the  subjects were informed about 
the aim, methods, and risks, and signed informed consent. 
A structured questionnaire was applied to obtain sociode-
mographic data (age, sex, socioeconomic status, and educa-
tional level), health status. To determine the consumption 
of fruits, alcohol, and physical activity a  frequency ques-
tionnaire designed for this study was applied. For the foods 
the authors made a list of the main foods that are part of the 
Colombian diet and a  table of frequency of consumption 
per week of each one of them. The research protocol was 
approved by the research ethics committee of the Faculty of 
Health Sciences of the Pontificia Universidad Javeriana Cali, 
Colombia, Acta No. 07-12-2016, according to the guidelines 
of the World Health Organization (WHO)[12].

Anthropometric measurements
Body weight was measured by a  portable scale (130  kg 
capacity), and height using non-elastic measurement tape 
(200 cm). Body mass index (BMI) was calculated using body 

as organophosphates are classified as probably carcino-
genic (Group 2A), while other insecticides as pyrethroids 
are not classified regarding carcinogenicity in humans 
(Group 3). Epidemiological studies have reported that 
organophosphates exhibit genotoxic, mutagenic, tera-
togenic, hepatotoxic, and neurotoxic effects; while pyre-
throids display high toxicity in fish, in vitro genotoxicity, 
potential in vivo carcinogenic effects, endocrine disrup-
tions, and bioaccumulation in human breast milk  [2]. 
Most of the genetic biomonitoring studies in populations 
exposed to pesticides (fungicides, herbicides, and insec-
ticides) have been performed on agricultural rural work-
ers  [4–10]. Some pesticides often used in agriculture or 
public health protection programs have shown genotoxic 
effects. However, DNA and cellular damage by insecticides 
exposure, such as organophosphates and pyrethroids at 
urban workers, have not been sufficiently studied.
Cali, Colombia, a tropical city, has one of the highest prev-
alences of vector-borne infectious diseases. Therefore, 
fumigations to prevent endemic diseases like dengue, zika, 
and chikungunya is extensive. However, the assessment 
of potential effects from chronic exposure among opera-
tors and fumigators has not been sufficiently investigated 
to date. The buccal micronucleus cytome (BMCyt) assay 
has become important biomonitoring tool for assessing 
cytogenetic damage in different populations and discrim-
inating between DNA damage, cell death, and defects in 
cytokinesis, which could be associated with an increased 
risk of developing several kinds of diseases [10]. There-
fore, this study evaluated cytogenetic damage in epithelial 
cells of the buccal mucosa of urban fumigators exposed to 
insecticides, using the BMCyt assay.

MATERIAL AND METHODS
Study population
A cross-sectional descriptive study was conducted during 
2017–2018, in the urban area of the city of Cali, Colombia. 
A  non-probabilistic sampling was conducted. The  inclu-
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The criteria followed for MNs and/or NBUDs (DNA da- 
mage) and nuclear abnormalities in buccal mucosa were 
according to Bolognesi et al. [13] and Thomas et al. [14]. 
The  MN are characterized by round or oval shape with 
the  same texture and staining intensity that nucleus 
and diameter of ranges between one-third and one-six-
teenth of the main nucleus (Figure 1). The total number 
of micronucleus (MN) and nuclear buds (NBUD) per 
cell was recorded in 2000 differentiated epithelial cells. 
 Pyknotic, karyorrhectic, karyolitic, and condensed chro-
matin cells (nuclear abnormalities) and binucleated (BN)  
were recorded in 1000 differentiated cells  [14]. Cell 
counting per slide was randomized and performed by an 
experienced researcher.

Statistical analysis
The group of fumigators was matched for age (±2 years) 
and socioeconomic level with the  subjects in the  non-
exposed group. The  normal distribution of continuous 
variables was analyzed using the Kolmogorov-Smirnov 
test. Differences between groups were analyzed by Stu-
dent’s t-test, Mann-Whitney U test, and χ2 test, accord-
ing to the distribution and type of variable. Spearman’s 
correlation was used to find relationships between 
BMCyt biomarkers, age, and exposure time. A multivar-
iate logistic regression analysis was performed having 
MN frequency as the  dependent variable and BMI, 
physical activity, fruit consumption frequency, age, and 
study group (non-exposed and fumigator occupation-
ally exposed to insecticides) as independent variables. 
A  p-value ≤0.05 was considered significant. Analyses 
were performed with SPSS v. 25 statistical software 
(SPSS Inc., Chicago, IL, USA).

RESULTS
Age, BMI, and WC did not present significant differenc-
es between the  study groups (Table  1). Regarding BMI, 
the subjects were overweight (BMI 27.34±0.52  kg/m2). 

weight (kg) by the squared height (m). The BMI was used 
to classify subjects into underweight (<18.5 kg/m2), normal 
weight (18.5–24.9 kg/m2), overweight (25–30 kg/m2), or 
obese (>30 kg/m2). Waist circumference (WC) was measured 
by taking as reference the  midpoint between the  xiphoid 
process of the thorax and a horizontal line between the iliac 
crests using a non-elastic measurement tape.

Sample collection and processing
Exfoliated buccal mucosal samples were collected with 
a  sterile cytobrush (Interplast®, Medellín, Colombia), 
performing twenty circular expansion movements on the 
buccal mucosa of both cheeks. An alphanumeric code was 
assigned to each biological sample matching the  ques-
tionnaire. All samples were collected over 5  months 
(July–December 2017).

Buccal micronucleus cytome assay
Exfoliated cells were suspended in 5 ml of 0.9% NaCl 
and stored for 4–5 h at 4°C. Then, cell suspensions were 
centrifuged (1200 rpm for 10 min at 25°C) and washed 
3  times with 0.9% NaCl. In  each wash, descending vol-
umes (50  µl, 30 µl, and 20 µl) of dimethyl sulfoxide 
(D-2650  Sigma, Irvine, UK) were used to disaggregate 
the cells. In the last wash, the supernatant was removed 
leaving approx. 0.5 ml. The cell suspensions were spread 
evenly on 2 slides and dried for 15 min at 25°C. The slides 
were fixed with cold methanol (80%, v/v) for 15 min, 
dried, and stained with Schiff ’s reagent (857343 Sigma) 
and 0.2% (w/v) light green dye (F7258 Sigma) to dry 
at 25°C. For long-term storage, slides were mounted with 
a  drop of Permount (SP15500 Fisher, Fair Lawn, USA) 
and 22 × 22 mm2) glass coverslips. To avoid bias, the 
slides were coded by the “masking” method.
The cells were analyzed at a magnification of 1000× using 
a  trinocular optical microscope (BS-2040T, BestScope, 
Beijing, China), and the images were captured with a dig-
ital microscope camera (BLC-250A LCD, BestScope). 
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Multivariate logistic regression analysis to study fac-
tors associated with MN frequency (Table  3), showed 
that for each year increase in age, the  frequency of MN 
increases by 13% (OR = 1.13, p = 0.029). Fruit consump-
tion from daily to once a week was not associated with 
MN (OR  =  4.71, p  =  0.083), physical activity and BMI 
(p > 0.05).

DISCUSSION
This study characterized cytogenetic damage in a sample 
of non-exposed subjects and fumigators exposed to insec-
ticides in the urban area of the city of Cali. The authors 
did not find a difference in the frequency of biomarkers 
of genotoxic and cytotoxic damage between the 2 groups. 
The results are consistent with studies conducted on 
occupationally exposed subjects to organophosphorus 
and pyrethroid between 36–44 years old, such as flower 
growers, applicators, and formulators  [10,15,16]. Con-
versely, the genotoxic potential of pesticides used for pest 
and vector control has been reported [4,5,7,17,18]

Regarding lifestyle, 64.5% of those exposed and 84.8% 
of non-exposed practiced some type of physical activ-
ity; this difference was not significant (p  =  0.06). Fruit 
consumption was higher in the  non-exposed group 
(p  =  0.04), and alcohol consumption was not different 
between the groups (p = 0.84).
The occupational exposure time to insecticides was 
5.6 years (range 0.4–22 years) with a daily exposure ≥8 h. 
All fumigators applied pyrethroids (permethrin and 
cypermethrin) and 6.4% organophosphates (malathion), 
and the application method was spraying. All fumigators 
reported the use of personal protective equipment (PPE) 
such as masks with filters, impermeable clothes, and 
rubber boots.
There were no significant differences in BMCyt bio-
markers of genotoxic (MN and BN) or cytotoxic (nucle-
ar abnormalities) damage between groups (Table  2). 
The frequency of MN in the fumigator’s group correlated 
with age (ρ = 0.495, p = 0.005), this correlation was not 
found in the non-exposed group (ρ = 0.100, p = 0.579).

a) b) c) d)

e) f) g) h)

Figure 1. Photographic registry of the genotoxicity and cytotoxicity biomarkers observed using the buccal micronucleus cytome assay:  
a) differentiated cell, b) cell with micronucleus (MN) (black arrow), c) cell with nuclear bud (NBUD), d) karyolitic cell (KHL),  
e) cell with condensed chromatin (CC), f) pycnotic cell (PYC), g) karyorrhectic cell (KHC), h) binucleated cell (BN), July 2017–January 2018, Cali, Colombia
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Table 1. Main demographic characteristics and lifestyle of non-exposed subjects and insecticide-exposed fumigators, July 2017–January 2018, Cali, Colombia

Variable

Participants
(N = 64)

p
total

non-exposed
(N = 33)

exposed
(N = 31)

Age [years] (M±SE) 36.11±1.11 36.18±1.60 36.03±1.60 0.95
Height [m] (M±SE) 1.69±0.01 1.69±0.01 1.69±0.01 0.77
Weight [kg] (M±SE) 78.23±1.62 78.53±2.44 77.92±2.17 0.85
BMI [kg/m2] (M±SE) 27.34±0.52 27.53±0.81 27.14±0.64 0.71
Waist circumference [cm] (M±SE) 93.25±1.67 93.23±2.90 93.30±1.66 0.99
Weight status [%] 0.094

<18.5 (underweight) 1 0 1
18.5–24.9 (normal weight) 19 13 6
25–30 (overweight) 23 8 15
>30 (obese) 20 12 8

Socio-economic level [n (%)] 0.272
1 (low-low) 11 (17.2) 8 (24.2) 3 (9.7)
2 (low) 28 (43.8) 11 (33.3) 17 (54.8)
3 (medium-low) 20 (31.3) 11 (33.3) 9 (29)
4 (medium) 5 (7.8) 3 (9.1) 2 (6.5)

Education level [n (%)] 0.087
elementary 2 (3.1) 1 (3) 1 (3.2)
high school 29 (4.53) 15 (45.5) 14 (45.2)
technician 16 (25) 7 (21.2) 9 (29)
technologist 8 (12.5) 4 (12.1) 4 (12.9)
professional 9 (14.1) 6 (18.2) 3 (9.7)

Alcohol intake frequency [n (%)] 0.84
a few times a week 3 (4.7) 1 (3.0) 2 (6.5)
a few times a month 15 (23.4) 8 (24.2) 7 (22.6)
rarely 38 (59.4) 19 (57.6) 19 (61.3)
never 8 (12.5) 5 (15.2) 3 (9.7)

Physical activity [n (%)] 0.06
yes 48 (75) 28 (84.8) 20 (64.5)
no 16 (25) 5 (15.2) 11 (35.5)

Fruit intake [n (%)] 0.04
every day 11 (17.2) 9 (27.3) 2 (6.5)
1–3 times a week 27 (42.2) 12 (36.4) 15 (48.4)
weekly 18 (28.1) 6 (18.2) 12 (38.7)
monthly 3 (4.7) 3 (9.1) 0 (0)
rarely 5 (7.8) 3 (9.1) 2 (6.5)

* Chi-squared test.
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are rapidly metabolized by hydrolytic cleavage of ester 
bonds, followed by oxidation and glucuronidation to pro-
duce 3-phenoxybenzoic acid (3-PBA) and cis- or trans-3-
(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic 
acid (cis- or trans-DCCA) in individuals exposed to per-
methrin and cypermethrin, respectively  [20]. The rapid 
metabolism and elimination (between 4–12 h) of these 
pyrethroids could explain the reduced cytogenetic effect 
in the subject studied. Also, the mean time of exposure 
to insecticides was 5.62 years in the  fumigators, which 
is lower than reported by Lamadrid et  al.  [16], Wil-
helm et al. [6], and Remor et al. [10] (7.6 years, 9.7 years, 

In this study, pyrethroids and organophosphates were 
the  most often used insecticides by urban fumigators. 
Organophosphates have genotoxic effects, and both 
occupational and non-occupational exposures have been 
associated with adverse human health outcomes  [1,19]. 
However, pyrethroid studies have shown results incon-
sistent concerning genotoxic effects in biomonitoring 
studies and have been suggested that pyrethroid expo-
sures primarily affect the male reproductive system [2]. 
These compounds have a  relative selectivity (so their 
toxicity is low on non-target organisms) and low per-
sistence in the  environment. Additionally, pyrethroids 

Table 2. Genotoxicity and cytotoxicity biomarkers frequency determined by buccal micronucleus cytome (BMCyt) assay of non-exposed subjects 
and insecticide-exposed fumigators, July 2017–January 2018, Cali, Colombia

Biomarker

Participants
(N = 64)

p*
non-exposed

(N = 33)
exposed
(N = 31)

Micronucleia (M±SE) 0.24±0.11 0.13±0.06 0.73

Nuclear buda (M±SE) 1.36±0.23 1.39±0.19 0.73

Pycnoticb (M±SE) 16.21±2.82 14.52±1.83 0.94

Karyorrhecticb (M±SE) 18.64±3.82 14.58±2.36 0.70

Condensed chromatinb (M±SE) 44.55±4.03 38.13±4.12 0.15

Karyoliticb (M±SE) 13.97±1.97 16.13±2.39 0.56

Binucleatedb (M±SE) 1.15±0.22 1.71±0.30 0.13

* Significance between groups. Mann-Whitney U test.
a Registered in 2000 differentiated epithelial cells.
b Registered in 1000 differentiated epithelial cells.

Table 3. Odds ratios and 95% confidence interval (CI) of micronucleus frequency in exfoliated buccal cells of non-exposed subjects and insecticide-exposed 
fumigators, July 2017–January 2018, Cali, Colombia

Variable β OR 95% CI p

Age 0.12 1.13 1.01–1.26 0.029

BMI (normal/altered) 0.83 2.29 0.23–23.18 0.483

Physical activity (yes/no) –041 0.66 0.10–4.34 0.670

Fruit intake (once a week/every day) –1.55 4.71 0.81–27.44 0.084

Group (non-exposed/exposed) –0.52 0.60 0.12–3.04 0.534
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Related to lifestyle factors, the subjects selected for this 
study were non-smokers and the majority (approx. 62%) 
reported occasional or null alcohol consumption. The 
exclusion of smokers eliminated one of the possible con-
founding factors associated with MN, due to mutagenic 
and carcinogenic effects of cigarette compounds. While 
biological evidence of genotoxicity by alcohol consump-
tion is inconsistent  [23,24]. In  vivo studies performed 
in mice and rats chronically and sub-chronically [25,26] 
treated with ethanol showed contrasting results in 
the frequency of MN, and studies in humans have shown 
that chronic alcohol consumption or in combination with 
smoking are related to higher MN frequency  [24,27]. 
In this study, as was mentioned, most of the subjects had 
low consumption of alcohol without differences between 
groups. Therefore, this factor could not be associated with 
DNA damage analyzed.
Diet and nutritional status have a key role in the mainte-
nance of genomic stability; certain vegetable foods contain 
micronutrients necessary for DNA repair. In  this study, 
the subjects had a high consumption of fruits, which may 
be a protective factor against genotoxic damage induced 
by occupational exposure to pesticides, as reported by 
Martínez-Perafán et  al.  [28]. The  daily consumption of 
fruits has been associated with a reduction up to 32% in 
MN frequency compared with a poor consumption [11]. 
However, the effect of fruit consumption may depend on 
the number and size of the portion ingested, as well as the 
type of fruit consumed.
Considering that both age and sex are internal confound-
ing factors when DNA damage is evaluated  [21], one 
strength of this study was the match exposed with non-
exposed subjects by age (±2 years), this ensures similar-
ity in this variable for analysis. Some authors affirm that 
the MN biomarker is influenced by sex. The males could 
have less MN than females because inactive X chromo-
some in females induces higher micronucleation  [29]. 
Since in the study the  population recruited was males, 

and 25 years, respectively), studies that found no cytoge-
netic damage or association with the time of exposure.
On the  other hand, in the study, all fumigators report-
ed  the use of adequate PPE during insecticide applica-
tion; this factor could reduce exposure to insecticides 
and their effects. For instance, the lack of use of PPE has 
been associated with a  significant increase of 137% in 
MN distribution in exfoliated cells of the buccal mucosa 
when compared to those that used PPE, suggesting that 
the use of PPE may have an important protective effect 
against exposure to insecticides [7]. Other studies show 
an opposite tendency (without statistical significance) on 
MN frequency and the use of PPE [10].
The exposed group showed a  positive association 
between age and the  frequency of MN; this association 
was not found in the  non-exposed group. These dif-
ferences between the  2 groups could indicate an effect 
of insecticides in frequency of MN. On the other hand, 
the association between age and the increase in MN has 
been reported in age groups >40 years old [11], a cutoff 
point that is higher than the  mean age of the sample, 
which could explain why the association was not signifi-
cant in the non-exposed group. In the fumigator group, 
the positive correlation can be explained by occupational 
exposure to insecticides contributing to a higher frequen-
cy of MN with age. This increase could be explained by 
the accumulation of DNA lesions, due to the progressive 
deterioration of genome repair capacity and an increase 
in free radicals related to aging. Xotlanihua-Gervacio 
et al. [21], reported that the frequency of MN increases in 
individuals >35 years old exposed to pesticides, a finding 
similar to this study. Rohr et  al.  [22] found age-depen-
dent cytogenetic damage in buccal cells with the BMCyt 
parameters. Higher genotoxic damage with age can be 
explained by the  accumulation of DNA lesions, due to 
the progressive deterioration of the genome repair ability 
and the increase of free radicals related to aging, proving 
age as an important confounding factor.
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this confounding factor did not affect this study results. 
In  addition, the  Feulgen Fast green staining technique 
used avoids the  registration of cell bodies or debris 
resulting from sample processing that could be falsely 
registered as MN.
For future studies, the authors recommend a larger sample 
size with genetic biomonitoring studies to identify risk 
and protective factors, which contribute to the  imple-
mentation of occupational epidemiological surveillance 
programs and the  use of exposure, effect, and suscep-
tibility biomarkers, to match with national and global 
occupational cancer control plans  [30]. The purpose of 
these plans is to strengthen the  prevention of occupa-
tional risks through the  promotion of health at work, 
by methods for the identification of carcinogenic agents 
with markers of biological effect in exposed populations. 
The  authors also recommended extending the  study to 
other populations susceptible to cytogenetic damage 
because of environmental exposure to insecticides, such 
as children, pregnant women, and the  elderly. Finally, 
according to Valencia-Quintana et al. [8] the authors also 
suggest the use of combined biochemical and cytogenet-
ic techniques to assess the risk of pesticide exposure in 
urban workers.

CONCLUSIONS
In conclusion, the results suggest that the use of PPE in 
the workplace and the adoption of healthy self-care habits 
(daily fruit consumption, low alcohol consumption, 
and not smoking) in urban fumigators could attenuate 
the cytogenetic effects of insecticides.

Author contributions
Research concept: Elizabeth Londoño-Velasco, 
Jose Guillermo Ortega-Ávila, Helberg Asencio-Santofimio, 
Aldair Rosero-Caldón
Research methodology: Elizabeth Londoño-Velasco, 
Jose Guillermo Ortega-Avila, Aldair Rosero-Caldón

https://doi.org/10.1016/j.toxlet.2011.10.007
https://doi.org/10.1016/j.toxlet.2011.10.007
https://doi.org/10.1289/ehp.1104340
https://doi.org/10.1289/ehp.1104340
https://doi.org/10.1590/0001-3765201520150181
https://doi.org/10.1590/0001-3765201520150181
https://doi.org/10.1007/s11356-015-5474-7
https://doi.org/10.1007/s11356-015-5474-7


IJOMEH 2024;37(1)136

O R I G I N A L  P A P E R      E. LONDOÑO-VELASCO ET AL.  

13. Bolognesi  C, Knasmueller  S, Nersesyan  A, Thomas  P, Fe-
nech  M. The  HUMNxl scoring criteria for different cell 
types and nuclear anomalies in the  buccal micronucleus 
cytome assay – An update and expanded photogallery. Mu-
tat Res Rev Mutat Res. 2013 Oct;753(2):100–13. https:// doi. 
org/ 10. 1016/j.mrrev.2013.07.002.

14. Thomas  P, Holland  N, Bolognesi  C, Kirsch-Volders  M, 
Bonassi S, Zeiger E, et al. Buccal micronucleus cytome as-
say. Nat Protoc. 2009;4(6):825–37. https://doi.org/10.1038/ 
nprot. 2009.53.

15. Wilhelm CM, Calsing AK, da Silva LB. Assessment of DNA 
damage in floriculturists in southern Brazil. Environ Sci 
Pollut Res. 2015 Jun 26;22(11):8182–9. https://doi. org/ 10. 
1007/ s11356-014-3959-4.

16. Lamadrid Boada  AI, Romero  I, Ii  A, González  JE, Iii  M, 
Mandina T, et al. Biomonitoreo de trabajadores expuestos 
a  plaguicidas Biomonitoring of workers exposed to pesti-
cides. Rev Cuba de Investig Biomed. 2011;30(2): 235–44.

17. Cobanoglu H, Coskun M, Coskun M, Çayir A. Results of 
buccal micronucleus cytome assay in pesticide-exposed 
and non-exposed group. Environ Sci Pollut Res. 2019 
Jul  1; 26(19): 19676–83. https://doi.org/10.1007/s11356-
019-05249-0.

18. Lucio FT, Almeida IV, Buzo MG, Vicentini VEP. Genetic in-
stability in farmers using pesticides: A study in Brazil with 
analysis combining alkaline comet and micronucleus as-
says. Mutat Res Genet Toxicol Environ Mutagen. 2023 Feb- 
Mar; 886: 503587. https://doi.org/10.1016/ j.mr gen tox. 2023. 
503587.

19. International Agency for Research on Cancer, editors. IARC 
Monographs: Some organophosphate insecticides and her-
bicides/ IARC Working Group on the Evaluation of Carcino-
genic Risks to Humans. Vol. 112. [Internet]. Lyon, France: 
World Health Organization Press; 2017  [cited 2023 Jan]. 
Available from: https://publications. iarc. fr/ Book- And- Re 
port- Ser ies/ Iarc- Mo no graphs- On- The- Iden ti fi ca tion- Of- 
Car ci no ge nic- Ha zards- To- Hu mans/ So me- Or ga no pho spha 
te- In sec ti ci des- And-Herbicides-2017.

6. Wilhelm CM, Calsing AK, da Silva LB. Assessment of DNA 
damage in floriculturists in southern Brazil. Environ Sci 
Pollut Res. 2015 Jun 17;22(11):8182–9. https://doi. org/ 10. 
1007/ s11356-014-3959-4.

7. Khayat  CB, Costa  EOA, Gonçalves  MW, da Cruz e Cun-
ha DM, da Cruz AS, de Araújo Melo CO, et al. Assessment of 
DNA damage in Brazilian workers occupationally exposed 
to pesticides: A study from Central Brazil. Environ Sci Pol-
lut Res. 2013 Oct;20(10):7334–40. https://doi. org/ 10. 1007/ 
s11356-013-1747-1.

8. Valencia-Quintana R, López-Durán RM, Milić M, Bonassi S, 
Ochoa-Ocaña MA, Uriostegui-Acosta MO, et al. J. Assessment 
of Cytogenetic Damage and Cholinesterases’ Activity in Work-
ers Occupationally Exposed to Pesticides in Zamora-Jacona, 
Michoacan, Mexico. Int J Environ Res Public Health. 2021 Jun 
10;18(12):6269. https://doi.org/10.3390/ ijerph 18126269.

9. Silvério ACP, Machado SC, Azevedo L, Nogueira DA, de Cas-
tro Graciano MM, Simões JS, et al. Assessment of exposure 
to pesticides in rural workers in southern of Minas Gerais, 
Brazil. Environ Toxicol Pharmacol. 2017 Oct 1;55:99–106. 
https:// doi. org/ 10.1016/j.etap.2017.08.013.

10. Remor  AP, Totti  CC, Moreira  DA, Dutra  GP, Heuser  VD, 
Boeira JM. Occupational exposure of farm workers to pesti-
cides: Biochemical parameters and evaluation of genotoxic-
ity. Environ Int. 2009;35(2):273–8. https://doi. org/ 10. 1016/ 
j.envint.2008.06.011.

11. Bonassi S, Coskun E, Ceppi M, Lando C, Bolognesi C, Bur-
gaz S, et al. The HUman MicroNucleus project on eXfoLi-
ated buccal cells (HUMN XL): The role of life-style, host fac-
tors, occupational exposures, health status, and assay pro-
tocol. Mutat Res Rev Mutat Res. 2011;728(3):88-97. https:// 
doi. org/10.1016/j.mrrev.2011.06.005.

12. World Health Organization [Internet]. Geneva: The Organi-
zation: 2011. [Cited 2024 Jan]. Standards and Operational 
Guidance for Ethics Review of Health-Related Research 
with Human Participants. Vol. 1. Available from: https://iris.
who. int/ bitstream/handle/10665/44783/9789241502948_ 
eng. pdf?sequence=1&isAllowed=y.

https://doi.org/10.1016/j.mrrev.2013.07.002
https://doi.org/10.1016/j.mrrev.2013.07.002
https://doi.org/10.1038/nprot.2009.53
https://doi.org/10.1038/nprot.2009.53
https://doi.org/10.1007/s11356-014-3959-4
https://doi.org/10.1007/s11356-014-3959-4
https://doi.org/10.1007/s11356-019-05249-0
https://doi.org/10.1007/s11356-019-05249-0
https://doi.org/10.1016/j.mrgentox.2023.503587
https://doi.org/10.1016/j.mrgentox.2023.503587
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Organophosphate-Insecticides-And-Herbicides-2017
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Organophosphate-Insecticides-And-Herbicides-2017
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Organophosphate-Insecticides-And-Herbicides-2017
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Organophosphate-Insecticides-And-Herbicides-2017
https://doi.org/10.1007/s11356-014-3959-4
https://doi.org/10.1007/s11356-014-3959-4
https://doi.org/10.1007/s11356-013-1747-1
https://doi.org/10.1007/s11356-013-1747-1
https://doi.org/10.3390/ijerph18126269
https://doi.org/10.1016/j.etap.2017.08.013
https://doi.org/10.1016/j.envint.2008.06.011
https://doi.org/10.1016/j.envint.2008.06.011
https://doi.org/10.1016/j.mrrev.2011.06.005
https://doi.org/10.1016/j.mrrev.2011.06.005
https://iris.who.int/bitstream/handle/10665/44783/9789241502948_eng.pdf?sequence=1&isAllowed=y
https://iris.who.int/bitstream/handle/10665/44783/9789241502948_eng.pdf?sequence=1&isAllowed=y
https://iris.who.int/bitstream/handle/10665/44783/9789241502948_eng.pdf?sequence=1&isAllowed=y


IJOMEH 2024;37(1) 137

  GENOTOXICITY IN URBAN FUMIGATORS    O R I G I N A L  P A P E R

micronucleous assay and the dominant lethal mutation as-
say. Biol Res. 2012;45(1):27–31. http://dx.doi.org/10.4067/ 
S0716- 97 6 0 2012000100004.

26. Kotova N, Vare D, Schultz N, Gradecka Meesters D, Stepnik M, 
Grawe J, et al. Genotoxicity of alcohol is linked to DNA rep-
lication-associated damage and homologous recombination 
repair. Carcinogenesis. 2013 Feb 1;34(2): 325–30. https:// doi.
org/10.1093/carcin/bgs340.

27. Rana  SVS, Verma  Y, Singh  GD. Assessment of genotoxicity 
amongst smokers, alcoholics, and tobacco chewers of North 
India using micronucleus assay and urinary 8-hydroxyl−2’-de-
oxy gua nosine, as biomarkers. Environ Monit Assess. 2017 Aug 
12; 189(8): 391. https://doi.org/10.1007/s10661- 017- 6103-3.

28. Martínez-Perafán  F, Santoli  MF, López-Nigro  M, Carbal-
lo  MA. Assessment of the  health status and risk of geno-
toxic and cytotoxic damage in Argentinian adolescents liv-
ing near horticultural crops. Environ Sci Pollut Res. 2018 
Feb 13;25(6):5950–9. https://doi.org/10.1007/s11356-017- 
0969-z.

29. Catalán J, Falck GCM, Norppa H. The X Chromosome Fre-
quently Lags Behind in Female Lymphocyte Anaphase. Am 
J  Hum Genet. 2000 Feb;66(2):687–91. https://doi. org/ 10. 
1086/ 302769.

30. [Plan Decenal Para el Control del Cáncer en Colombia 
2012–2021. Ministerio de Salud y Protección Social, Institu-
to Nacional de Cancerología E. 2012; Vol. 1. 85 p.]. Available 
from: https://www.minsalud.gov. co/ Do cu ments/ Plan- De ce 
nal- Can cer/ Plan De ce nal_ Con trol Can cer_ 2012-2021.pdf. 
Spanish.

20. Chrustek  A, Hołyńska-Iwan  I, Dziembowska  I, Bogusie-
wicz  J, Wróblewski  M, Cwynar  A, et  al. Current Research 
on the Safety of Pyrethroids Used as Insecticides. Medicina 
(B  Aires). 2018 Aug 28;54(4):61. https://doi.org/10.3390/ 
me di ci na 54040061.

21. Xotlanihua-Gervacio M del C, Guerrero-Flores MC, Herrera-
Moreno JF, Medina-Díaz IM, Bernal-Hernández YY, Barrón-
Vivanco BS, et al. Micronucleus frequency is correlated with 
antioxidant enzyme levels in workers occupationally exposed 
to pesticides. Environ Sci Pollut Res. 2018 Nov  11; 25(31): 
31558–68. https://doi.org/10.1007/s11356- 018- 31 30- 8.

22. Rohr P, da Silva GF, Vicentini VEP, Almeida IV de, dos San-
tos RA, Takahashi CS, et al. Buccal micronucleus cytome as-
say: Inter-laboratory scoring exercise and micronucleus and 
nuclear abnormalities frequencies in different populations 
from Brazil. Toxicol Lett. 2020 Oct; 333:242–50. https://doi. 
org/ 10. 1016/j.toxlet.2020.08.011.

23. Santovito A, Cervella P, Delpero M. Evidence of genotoxicity 
in lymphocytes of non-smoking alcoholics. Mol Biol Rep. 
2015 Jan  16;42(1):53–9. https://doi.org/10.1007/s11033- 
014- 3739-8.

24. Jindal S, Chauhan I, Grewal H. Alteration in buccal mucosal 
cells due to the effect of tobacco and alcohol by assessing 
the  silver-stained nucleolar organizer regions and micro-
nuclei. J Cytol. 2013 Jul;30(3):174. https://doi. org/ 10. 4103/ 
0970- 9371.117667.

25. Ellahueñe  MF, Pérez-Alzola  LP, Olmedo  MI. Chronic eth-
anol consumption in mice does not induce DNA damage 
in somatic or germ cells, evaluated by the  bone marrow 

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License – http://creativecommons.org/
licenses/by-nc/3.0/pl/deed.en.

https://dx.doi.org/10.4067/S0716-97602012000100004
https://dx.doi.org/10.4067/S0716-97602012000100004
https://doi.org/10.1093/carcin/bgs340
https://doi.org/10.1093/carcin/bgs340
https://doi.org/10.1007/s10661-017-6103-3
https://doi.org/10.1007/s11356-017-0969-z
https://doi.org/10.1007/s11356-017-0969-z
https://doi.org/10.1086/302769
https://doi.org/10.1086/302769
https://www.minsalud.gov.co/Documents/Plan-Decenal-Cancer/PlanDecenal_ControlCancer_2012-2021.pdf
https://www.minsalud.gov.co/Documents/Plan-Decenal-Cancer/PlanDecenal_ControlCancer_2012-2021.pdf
https://doi.org/10.3390/medicina54040061
https://doi.org/10.3390/medicina54040061
https://doi.org/10.1007/s11356-018-3130-8
https://doi.org/10.1016/j.toxlet.2020.08.011
https://doi.org/10.1016/j.toxlet.2020.08.011
https://doi.org/10.1007/s11033-014-3739-8
https://doi.org/10.1007/s11033-014-3739-8
https://doi.org/10.4103/0970-9371.117667
https://doi.org/10.4103/0970-9371.117667
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

