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ABSTRACT. Sanitation workers handling pesticides in the control of
disease vectors constitute an occupationally exposed population to ge-
notoxic substances. The aim of the present study was to investigate the
relation between the occupational exposure to various pesticides and the
presence of cytogenetic damage. Fifty-nine men were selected (29 sani-
tation workers and 30 control individuals) with ages varying between
18-57 years who lived and worked in the same area in Belo Horizonte
(Brazil). The following parameters were determined for all individu-
als using the cytokinesis-block micronucleus (MN) assay in peripheral
blood lymphocytes: MN/1000 binucleated cells (BC), BC with MN
(BCMN)/1000 BC, nucleoplasmic bridges (NB)/1000 BC, apoptotic
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and necrotic cells/500 cells and nuclear division index. The analysis of
covariance showed significantly higher (P < 0.05) mean frequencies of
MN (15.81+1.31vs4.71£0.42), BCMN (15.10 £ 1.22 vs 4.62 £ 0.44),
NB (4.59 £ 0.76 vs 1.00 £ 0.34), and necrotic cells (12.07 = 1.45 vs
5.17 £ 0.70) in the exposed group when compared to the control group.
There was no significant difference in the apoptotic cell frequency be-
tween the two groups, while the nuclear division index was significantly
lower (1.49 +0.02 vs 1.61 £+ 0.02) in the control group. Neither the time
of exposure nor the smoking or alcohol drinking habit influenced the
cytogenetic parameters examined. According to these results, occupa-
tional exposure to pesticides induced genotoxic and cytotoxic effects in
sanitation workers.

Key words: Pesticide exposure, Biomonitoring, Micronucleus test,
Sanitation workers

INTRODUCTION

Pesticides are a group of natural or synthetic chemical substances designated to com-
bat plagues that generally attack, harm or transmit illness to living organisms including humans
(Kolaczinski and Curtis, 2004). Although they may be selective against specific organisms
(such as bacteria, fungi, undergrowth, and rodents), most of them do not have an absolute se-
lectivity, becoming a potential risk to human health (Bolognesi, 2003).

Many studies showed an association between the exposure to pesticides and the in-
crease in the incidence of some cancers including non-Hodgkin’s lymphoma (Hardell and
Eriksson, 1999; Zheng et al., 2001), multiple myeloma (Khuder and Mutgi, 1997), sarcomas
(Blair et al., 1983; Kogevinas et al., 1995), and pancreatic (Ji et al., 2001) and bladder cancers
(Shukla et al., 2001). The genotoxic effects of a pesticide are primary factors for carcinogene-
sis, and thus, genotoxicologic biomonitoring will become useful in human populations exposed
to them (Bolognesi, 2003). Meanwhile, the results of this kind of biomonitoring obtained until
now are ambiguous (Scarpato et al., 1996a; Venegas et al., 1998; Gomez-Arroyo et al., 2000;
Gregio D’ Arce and Colus, 2000; Lucero et al., 2000), probably due to different conditions of
the populations studied, the specific genotoxic effect of the different pesticides employed, and
to interindividual variability (Bolognesi, 2003).

In tropical countries, illnesses such as dengue, malaria, yellow fever, leishmaniasis,
and leptospirosis are public health problems. For such diseases, environmental conditions can
allow the development and proliferation of insects or other vectors (Neves and Filippis, 2003).
The struggle to eliminate these animals is a task performed by the government at different lev-
els, with the promotion of several control measures, including the application of pesticides in
areas with high concentrations of cases. The sanitation workers engaged in the application of
pesticides are occupationally exposed to potential genotoxic substances, making them a cancer
risk population (Bolognesi, 2003).
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This study aimed to evaluate the genotoxic effects of occupational exposure to pesti-
cides in a sample of sanitation workers of Belo Horizonte, State of Minas Gerais, Brazil. The
micronucleus (MN) lymphocyte culture test was employed. It is a cytogenetic method that
measures breaks (clastogenic effect) and chromosome losses (aneugenic effect) in binucle-
ated cells (Fenech, 1993). Other cytogenetic parameters, namely nucleoplasmic bridges (NB),
apoptotic (APOP) and necrotic (NECR) cells, and nuclear division index (NDI), were also
determined (Fenech, 2000). The factors age and smoking and alcohol drinking habits were
taken into account because they may influence the expression of the cytogenetic parameters
examined (Fenech, 1998).

MATERIAL AND METHODS
Subjects

Fifty-nine males between 18 and 57 years old agreed to take part in the research, be-
tween August and October of 2004. All the participants lived and worked in Belo Horizonte
(Brazil) and they did not show any serious morbidity at the time of the sample collection. The
exposed group included 29 sanitation workers of the City Hall of Belo Horizonte who were
occupationally exposed to various pesticides. The control group was selected from population
that worked next to the exposed individuals and included 30 volunteers who had never been
occupationally exposed to pesticides.

All the individuals answered a questionnaire, supplying information related to age,
smoking and alcohol drinking habits and, in the case of the exposed group, the duration and the
frequency of exposure and the personal protection equipment (PPE) employed. People were
considered smokers when they usually smoked 15 or more cigarettes per day for at least one
year, and people who often drank any alcoholic beverage two or more times per week were
considered alcohol drinkers.

The project was approved by the Committee on Ethics and Research of the Federal Uni-
versity of Minas Gerais (ETIC 373/04) and all the subjects signed an informed consent form.

Blood sample collection and cell culture

Ten milliliters of peripheral blood was obtained from each subject by venipuncture
using heparinized vacutainers. Mononuclear cells were separated in a Histopaque® density
gradient (Sigma) and added (10° cells/mL) to an RPMI 1640 (Gibco) medium supple-
mented with 10% (v/v) fetal bovine serum (Gibco), 2 mmol/L glutamine (Gibco), antibiot-
ics (100 U/mL penicillin, 100 pg/mL streptomycin and 25 pg/mL amphotericin B; Gibco)
and 2% (v/v) phytohemagglutinin A (Gibco). The cultures were maintained at 37°C in a
5% CO, incubator. After 44 h, cytochalasin B was added to the culture (6 ng/mL; Sigma)
(Fenech, 2000).

At the end of incubation (72 h), the cells were centrifuged at room temperature and
gently suspended in a cold 70% (v/v) methanol:acetic acid (3:1) fixative solution. This pro-
cedure was performed twice. The cell suspension was dropped onto three previously labeled
clean slides. The slides were air-dried and stained with Giemsa solution (4%, v/v; Gibco) in
Dulbecco’s phosphate-buffered saline, pH 7.1 (Gibco) for 15 min.
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Slide analysis

The slides were analyzed blindly using a light microscope with a 1000X lens. For each
individual, 500 lymphocytes were analyzed in order to determine the APOP cell frequency, the
NECR cell frequency and the number of cells with one to four nuclei was computed to calcu-
late the NDI. This index is determined by the formula: NDI = (MC + 2X BC + 3X TC + 4X
QC) / total viable cells, where MC-QC represents the number of cells with one to four nuclei,
respectively. The frequencies of MN, binucleated (BC) cells with MN (BCMN) and the NB
were determined by counting 1000 BC viable cells with preserved cytoplasm. BC, MN, NB,
APOP, and NECR were determined in agreement with previously described criteria (Fenech
et al., 2003).

Statistical analysis

In order to evaluate the possible differences between the control group and the exposed
one in relation to age, the unpaired Student #-test was performed. In relation to smoking and
alcohol drinking habits, the possible differences between the two groups were analyzed by
the Z-test for two independent proportions. The effects of exposure and smoking and alcohol
drinking habits on the cytogenetic variables (MN, BCMN, NB, APOP, and NECR) and on the
NDI were evaluated by the analysis of covariance (ANCOVA) including age and time of ex-
posure as covariates. The statistical analyses were performed with the STATISTICA software
(5.0 for Windows). Differences were considered statistically significant when P values were
less than 0.05.

RESULTS

The sanitation workers included in this study were exposed to several pesticides. As
shown in Table 1, some of these pesticides are mutagenic and/or possibly carcinogenic com-
posites and belong to the organophosphate and pyrethroid insecticides and hydroxycoumarin-
ic rodenticides. The application of the composites was performed by spraying (pyrethroids),
powder, pelleting bait, paraffin bait (hydroxycumarin and indandione), and ultra-low volume
pulverization or sand-mixed granulated (organophosphate). The composites were applied sepa-
rately and the PPE used was specific for each composite, except for malathion and temephos
whose application was performed without PPE. The majority of the pesticides are used spo-
radically. All the exposed individuals worked for 40 h a week.

The main characteristics of the population are described in Table 2. Age and alcohol
drinking habit were similar in the two groups. The exposed group had a larger number of smokers
(P <0.05, Z-test). The average pesticide exposure time of the workers was 5.28 + 0.60 years.

Table 3 summarizes the mean values of the cytogenetic variables and NDI examined in
the groups. The ANCOVA results and the regression coefficients are presented in Tables 4 and
5, respectively. The exposed group showed MN frequencies, BCMN, NB, and NECR signifi-
cantly higher than the control group (P < 0.01) (Table 4). Figure 1 shows the MN frequencies
in both groups. Although the difference in APOP frequency was not significant, it was higher
in the exposed group (Table 4). The exposed group had significantly lower NDI values (P <
0.01) (Table 4). The regression coefficients (Table 5) indicated that, from the covariates intro-
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Table 2. Characteristics of the groups studied.

Characteristics Control (N = 30) Exposed (N =29)
Age (years) 29.17+1.64 30.31 £ 1.48°
Range (years) 18-49 21-57
Smoking habit
Smokers 6 (20.0%) 14 (48.28%)°
Non-smokers 24 (80.0%) 15 (51.72%)
Drinking habit
Yes 19 (63.33%) 15 (51.72%)°
No 11 (36.67%) 14 (48.28%)
Years of pesticide exposure - 5.28 £0.60
Range (years) - 1.50-18

Data are reported as means + SEM, range, or as number of subjects with percent in parentheses.
aNo statistical difference between the two groups (#-test).

P < 0.05 compared with the control group (Z-test).

°No statistical difference between the two groups (Z-test).

Table 3. Cytogenetic variables examined in the groups studied.

Variable Control Exposed

MN 4.71£0.42 15.81 +1.31
BCMN 4.62+0.44 15.10+1.22
NB 1.00+0.34 4.59 £0.76
APOP 11.81+1.20 18.40 +2.60
NECR 5.17+0.70 12.07 £ 1.45
NDI 1.61 £0.02 1.49+£0.02

Data are reported as means + SEM. MN, micronuclei in 1000 binucleated cells; BCMN, binucleated cells with micronuclei in
1000 binucleated cells; NB, nucleoplasmic bridges in 1000 binucleated cells; APOP, apoptotic cells in 500 viable cells; NECR,
necrotic cells in 500 viable cells; NDI, nuclear division index.

duced in the analysis, only the age of the individuals had a significant influence on the MN and
BCMN frequencies (P < 0.01). The pesticide exposure time did not show an influence on the
parameters examined (Table 5). Neither the smoking habit nor alcohol drinking influenced the
cytogenetic variables studied (Table 4).

DISCUSSION

With the increase in global population, new areas are being rough-hewed, and the hu-
mans are more exposed to illnesses transmitted by wild vectors (Neves and Filippis, 2003). The
control of the increase of infected, transmitting organisms has become a central issue in sanita-
tion surveillance managed by governments. The use of pesticides has become routine, mainly
in underdeveloped countries, but the genotoxic potential of these substances is not yet well
established (Bolognesi, 2003). Most of the population that lives in the affected areas and the
sanitation workers responsible for the application are at risk for cytotoxicity and genotoxicity.
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Table 4. Summary of the effects for each cytogenetic variable examined (ANCOVA).

Variable MS effect MS error F(d.f.=1.0) P
MN

Exposure 615.38 17.19 35.81 <0.01

Smoking habit 58.94 17.19 3.43 0.07

Drinking habit 0.0 17.19 0.0 0.99
BCMN

Exposure 513.52 16.30 31.50 <0.01

Smoking habit 47.33 16.30 2.90 0.09

Drinking habit 0.03 16.30 0.0 0.96
NB

Exposure 30.20 9.82 3.08 0.04

Smoking habit 4.74 9.82 0.48 0.49

Drinking habit 1.96 9.82 0.20 0.66
APOP

Exposure 187.65 113.31 1.66 0.20

Smoking habit 0.01 113.31 0.00 0.99

Drinking habit 0.55 113.31 0.0 0.94
NECR

Exposure 348.12 33.33 10.44 <0.01

Smoking habit 109.88 33.33 3.30 0.07

Drinking habit 6.12 33.33 0.18 0.67
NDI

Exposure 0.11 0.01 8.89 <0.01

Smoking habit 0.0 0.01 0.11 0.74

Drinking habit 0.04 0.01 3.18 0.08

MS, mean square; d.f., degrees of freedom; MN, micronuclei; BCMN, binucleated cells with micronuclei; NB, nucleoplasmic
bridges; APOP, apoptotic cells; NECR, necrotic cells; NDI, nuclear division index.

The aim of this study was to determine if occupational exposure to pesticides could
cause cytogenetic damage compared to a control group that has never been exposed to these
chemicals. Fifty-nine males (29 occupationally exposed and 30 control subjects) were included
in the study. The age of the subjects and alcohol drinking habits were similar in the two groups,
but there were a larger number of smokers in the exposed group. In spite of that, this difference
did not influence the results, since analysis of covariance showed that the smoking habit did not
have a significant effect on the cytogenetic parameters examined.

To evaluate the genetic damage that has taken place in these subjects, the cytokinesis-
block micronucleus assay in human lymphocyte cultures (CBMN assay) was used (Fenech
and Morley, 1985; Fenech, 1997). Through this assay, clastogenic and aneugenic effects are
detected since the MN originate from chromosomal fragments or from an entire chromosome
not included in the main nucleus of the descendent cells during cell division (Fenech, 1997;
Kirsch-Volders et al., 1997). Recently, the inclusion of other cytogenetic parameters in the
CBMN assay has been proposed (Thomas et al., 2003). These parameters are the presence of
nucleoplasmic bridges (indicators of chromosomal rearrangements), apoptotic and necrotic
cells (indicators of cell viability), and cell division index (Fenech et al., 1999; Kirsch-Volders
and Fenech, 2001). Because this test offers simultaneous information on DNA damage and
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Figure 1. Micronuclei in 1000 binucleated cells (MN/1000 BC) in exposed and control groups.

Table 5. Regression coefficients for the covariates introduced in the ANCOVA analysis.

Covariate +SE t P
MN

Age 0.58 +£0.08 4.86 <0.01

Years of exposure -0.19+0.26 -1.58 0.12
BCMN

Age 0.57+0.07 4.77 <0.01

Years of exposure -0.15+0.26 -1.27 0.21
NB

Age -0.04 + 0.06 -0.28 0.78

Years of exposure 0.18 £0.20 1.29 0.20
APOP

Age -0.23+£0.20 -1.61 0.11

Years of exposure -0.07 £ 0.68 -0.51 0.61
NECR

Age -0.06 £0.11 -0.40 0.69

Years of exposure -0.25+0.37 -1.75 0.09
NDI

Age 0.22 +0.00 1.54 0.13

Years of exposure 0.06 = 0.00 0.45 0.65

MN, micronuclei; BCMN, binucleated cells with micronuclei; NB, nucleoplasmic bridges; APOP, apoptotic cells; NECR,
necrotic cells; NDI, nuclear division index.
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cytotoxic/cytostatic effects caused by possibly aggressive agents, nowadays it is a simple and
important tool for the monitoring of human populations (Kirsch-Volders and Fenech, 2001).

In this study, the group exposed to pesticides showed a significantly higher frequency
of chromosome damage (MN, BCMN and NB) when compared to the control group. Some
studies have also shown a positive association between genotoxicity and occupational expo-
sure to pesticides (De Ferrari et al., 1991; Carbonell et al., 1993; Kourakis et al., 1992, 1996;
Garaj-Vrhovak and Zeljezic, 1999; Falck et al., 1999; Gomez-Arroyo et al., 2000; Shaham
et al., 2001; Zeljezic and Garaj-Vrhovac, 2001), but other studies did not conclude the same
(Gomez-Arroyo et al., 1992; Scarpato et al., 1996a,b; Pasquini et al., 1996; Davies et al., 1998;
Gregio D’ Arce and Colus, 2000; Lucero et al., 2000; Pastor et al., 2001a,b). Such disagreement
may be explained by either different exposure conditions (protection measure used and specific
genotoxic potential of the substances used) or by demographic factors, individual habits and
associated genetic features (Fenech, 1998; Bolognesi, 2003). Therefore, each biomonitoring
study is unique and, in order to estimate the effects of an occupational exposure, each popula-
tion should be studied separately and the results should not be generalized.

The higher occurrence of chromosomal damage in the exposed group can be explained
by the genotoxic potential of the pesticides to which they were exposed. The pyrethroid group is
the most frequently used in solution through spraying. When applying it the workers make use of
PPE. Of the pyrethroids used by the workers, the U.S. Environmental Protection Agency (EPA)
has classified only cypermethrin as a possible carcinogen, while the other pyrethroids do not have
mutagenic and/or carcinogenic activity. This reduces the possibility of the remaining pyrethroids
(except cypermethrin) being responsible for the damage detected. The organophosphate group
was applied daily in the solid form without using PPE. In agreement with the EPA classification,
malathion showed mutagenic activity in the experimental system, but carcinogenic activity was
not observed. Other substances (hydroxycoumarin and indandione) were sporadically applied
with the use of PPE. So far, most of them have not been tested for their mutagenic and carcino-
genic effects, and so it is not possible to say if the exposure to these substances could be consid-
ered safe. This suggests that malathion (organophosphate) and cypermethrin (pyrethroid) should
be the main pesticides responsible for the chromosome damage found in the exposed workers.
However, it is important to note that an exposure to a great number of different compounds makes
it difficult to know which agent could be responsible for the observed cytogenetic damages.

Another aspect that could contribute to the positive association between the observed
cytogenetic damage and pesticide exposure is that most of the biomonitoring studies in occupa-
tionally exposed populations are conducted with individuals that use a mix of several chemical
compounds (Lucero et al., 2000; Bolognesi et al., 2002; Pastor et al., 2001a,b, 2002, 2003). In
this study, the pesticides were applied separately and probably in higher concentrations than
those found in mixtures, and these concentrations may show a higher genotoxic potential.

In spite of the use of protective equipment in the application of most products, an
induction of chromosome damage caused by pesticide exposure was still observed. These find-
ings can be explained by the ineffectiveness or inappropriate use of the protective measures.
Another explanation could be the fact that malathion organophosphate may be the main sub-
stance responsible for the chromosome damage found, because it was applied without PPE.

Cytotoxicity was higher in the sanitation workers than in the control group, since the
frequency of necrotic cells was significantly higher in the exposed group. One possibility is
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the existence of two groups of substances: a genotoxic group that causes chromosome damage
without killing the cells and a cytotoxic group that causes cell necrosis. The fact is that the sur-
viving cells are perpetuating important mutations demonstrated by the increased frequencies
of MN, BCMN and NB.

There was no significant difference in APOP frequency between the exposed and the
control groups. This suggests that the DNA damage caused by the exposure was not sufficient
to cause apoptosis, but did cause MN and NB (Fenech et al., 1999).

The reduction in the NDI found in the exposed group, according to other studies (Pas-
tor et al., 2001b, 2002), corroborates the hypothesis that cells with DNA damage delay the
cell cycle in order to repair the damage and avoid the fixation of mutations during replication
(Kirsch-Volders and Fenech, 2001). However, the fact that MN, BCMN and NB frequencies
have been higher in the exposed group shows that the repair may not be efficient to correct the
induced mutations caused by exposure. Another hypothesis is that the chemicals have cytotoxic
properties that affect the cell proliferation kinetics (Rupa et al., 1991; Pasquini et al., 1996).

Of'the variables studied that could influence the cytogenetic parameters determined, only
age was positively related to MN and BCMN frequencies. These results agree with many other
studies that have shown an increase in spontaneous MN frequency with age (Fenech and Morley,
1986; Ramsey et al., 1995; Fenech, 1998; Barale et al., 1998). This effect has been attributed to
an increase in aneuploidy mainly of the X and Y chromosomes (Norppa and Falck, 2003).

An association between the cytogenetic parameters and the time of exposure of the
workers to the pesticides was not observed. This observation differs from the results found by
other authors. Bolognesi et al. (2002) found a positive relation between MN incidence and the
duration of pesticide exposure when individuals were exposed for more than 10 years, suggesting
that chromosome damage is accumulated during continuous exposure to pesticides. The lack of
association between the cytogenetic parameters determined and time of exposure in the present
study could be explained by the slight variation in the exposure time. In this study, exposure time
was from 1.5 to 18 years, and only one individual was exposed for more than 10 years.

Smoking habit did not influence the cytogenetic parameters examined. In the biomoni-
toring studies of populations occupationally exposed to genotoxic agents, the smoking habit
influence on MN frequency is controversial. Few studies have shown an association between
these variables (da Cruz et al., 1994; Di Giorgio et al., 1994), while most of the studies of this
nature have not found any association at all (Lucero et al., 2000; Pastor et al., 2001a,b, 2002;
Bolognesi et al., 1993, 2002). A possible explanation is that the damage caused by tobacco
could kill the cells in culture or delay the cell cycle, making it impossible to carry out the MN
test (Bonassi et al., 2003). However, there was no influence of smoking habit on APOP/NECR
frequencies nor on NDI. Another possibility is that the small number of smokers in the control
group (6 individuals) constitutes a non-representative sample.

Like the smoking habit, the alcohol drinking habit did not influence the parameters
examined. Data in the literature showed positive, preventive or no effects (da Cruz et al., 1994;
Surrallés et al., 1997; Barale et al., 1998; Castelli et al., 1999) of alcohol drinking habit on
MN frequency. Normally, these effects occur as a consequence of the relation between alcohol
drinking and other variables, such as age (Pastor et al., 2001a).

In conclusion, occupational exposure to pesticides by sanitation workers in Belo Hori-
zonte showed genotoxic and cytotoxic effects, demonstrated by higher frequencies of MN,
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BCMN, NB, and NECR cells when compared with the control group. The reduced NDI in the
exposed group suggests a possible adaptive response to the chronic exposure to pesticides. The
age factor showed a direct relation with MN frequency, while the smoking and drinking habits
did not influence the cytogenetic parameters determined.

These results provide evidence of the genetic hazard related to occupational pesticide
exposure and, therefore, of the need for educational programs to encourage the correct use of
PPE and/or implementation of new protective measures for sanitation workers.
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