
Abstract. Waste collectors collect, transport, and process
the garbage produced by people living in the city.
Nowadays, this activity requires special attention due to the
environmental impact of garbage and its potential
consequences on human health. The aim of this study was
to evaluate potential cytotoxic and mutagenic effects of
garbage collection on waste collectors. For this purpose, a
total of 47 male waste collectors aged from 24 to 53 years
were included in the experimental group. A total of 30 men
matched by age were used as the control group. Cytotoxicity
and mutagenicity were analyzed by micronucleus test in
buccal mucosaI cells. No statistically significant difference
(p>0.05) in the frequency of micronuclei was detected in the
waste collectors when compared to controls. Nevertheless,
higher frequencies of karyolysis and pyknosis (p<0.05) were
detected in buccal mucosaI cells from waste collectors when
compared to matched controls. Taken together, our results
indicate that waste collectors comprise an at-risk group as
a result of increased cytotoxicity apparent from buccal
mucosa cells. 

Waste collectors collect, transport, and process the garbage
produced by people living in the city. Nowadays, this activity
requires special attention due to the environmental impact of
garbage and its potential consequences on human health (1).
It is known that waste collectors handle many hazardous
materials, from physical, chemical or even biological

sources. Some studies have been conducted to evaluate the
impact of this occupational exposure; the results showed that
waste collectors present respiratory symptoms induced by
dust and microorganisms; gastrointestinal disorders such as
nausea and diarrhea induced by bad odors; as well as body
injuries (2-7). Of particular importance, waste collectors can
also be exposed to bioaerosols, gases, and vapors that in turn
can induce many injuries in eukaryotic cells (8, 9). For this
reason, it is probable that adverse health effects induced by
garbage exposure depend strongly on the scenario of
occupational exposure. In order to understand the true
consequences of such workers under different paradigms, it
is mandatory to estimate the risk faced by those continuously
exposed to genotoxic agents under different scenarios and
the effects of their exposure to these agents at the cellular
and molecular level.
The micronucleus test using buccal mucosal cells was

standardized by Belien et al. as a cheap and non-invasive
biomarker for evaluating cytogenetic damage (10). Today,
this methodology is recommended in human biomonitoring
studies for predicting risk assessment (11, 12). This is
because some investigations have shown that higher
micronuclei frequencies in eukaryotic cells of independent
origin are correlated with an elevated risk of cancer.
Micronuclei are defined as acentric fragments or whole
chromosomes that are not included in the main nuclei of the
daughter cells. Micronuclei are induced by substances that
cause chromosomal breakage (clastogens), or disruption of
the spindle apparatus (aneugens) (10). Tolbert et al. (13)
increased the specificity of this test by analyzing other
metanuclear alterations indicative of cytotoxicity, such as
pyknosis, karyolysis and karyorrhexis. 
Because of the lack of scientific evidence regarding the

effects of garbage exposure in waste collectors, the aim of
this study was to investigate mutagenicity and cytotoxicity
in buccal mucosaI cells from waste collectors by
micronucleus assay.
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Materials and Methods

Participants. This study was conducted at a garbage collection
company in Salvador, BA, Brazil. The subjects of this study
consisted of 47 men aged 24 to 53 years (mean±SD=36±8.5 years).
The study’s eligibility criteria included: (i) having worked at least
1 year as a waste collector; (iii) 18-55 years of age; and (iii) consent
to participate in the study. The control group consisted of 30 healthy
men matched by age to the members of the experimental group aged
(33.6±11.6 years), not exposed directly to garbage. Each person was
interviewed concerning possible confounding factors and
individuals were excluded from this study when there was any
lesion on the oral mucosa visible at clinical examination, a history
of cancer, previous radio- or chemotherapy, use of therapeutic drugs,
or exposure to diagnostic X-rays during the previous 6 months.
None of volunteers were smokers. Exposure to other known
genotoxic agents such as alcohol consumption was not recorded in
this setting. The study was approved by the Ethics Committee of
the Federal University of Bahia, Brazil. Informed consent was
obtained from the individuals included in the study.

Micronucleus test on oral mucosal cells. After rinsing the mouth
with tap water, cells were obtained from each participant by
scraping the mucosa of the right/left cheek with a moist wooden
spatula. Cells were transferred to a tube containing saline solution,
which was then centrifuged (85 × g) for 5 min, fixed in 3:1
methanol/acetic acid, and dropped onto pre-cleaned slides. After
that, the air-dried slides were stained using the Feulgen/Fast-Green
method, and examined under a light microscope at ×1,000
magnification to determine the frequency of micronucleated cells.
Two thousand cells were scored from each person.

Data analysis. Micronuclei were scored according to the criteria
described by Belien et al. (10) as a parameter of DNA damage
(mutagenicity). For cytotoxicity, the following nuclear alterations
were considered: pyknosis, karyolysis and karyorrhexis. Results
were expressed as a percentage of total cells examined. This
analysis was established in a previous study conducted by our
research group (14). The analysis was evaluated independently by
two biomedical doctors in a blinded fashion.

Statistical methods. The Mann–Whitney non-parametric test was used
to compare the frequencies of cytotoxicity among the samples
between the experimental group versus the control group.
Micronucleus frequencies between controls and waste collectors were
evaluated as established by Pereira et al. (14). The statistical analysis
was conducted using BioStat software, version 5.0 (Maringa, PR,
Brazil). The level of statistical significance was set at 5%.

Results
Table I shows the frequency of micronucleated cells in
buccal mucosaI cells of waste collectors. No significant
statistically significant differences (p>0.05) in frequency
were obtained between the experimental group and matched
controls. 
When cytotoxicity parameters were evaluated, interesting

findings were made. Continuous exposure to garbage
induced cytotoxicity in buccal mucosaI cells, since the

frequency of pyknosis was almost two-fold and karyolysis
more than six-fold (p<0.05) in buccal mucosaI cells from
waste collectors than in those from the controls.
Karrhyorexis did not differ remarkably between the groups
(p>0.05) (Table II).
Finally, exposure to known genotoxins was not

investigated since all participants were non-smokers. 

Discussion

The aim of this study was to investigate chromosomal damage
and cellular death induced by occupational exposure to
municipal garbage as indicators of mutagenicity and
cytotoxicity, respectively. The investigation was conducted
using the micronucleus test in exfoliated oral cells. To the best
of our knowledge, this approach has not been used so far.
The micronucleus assay is widely applied by the scientific

community since it represents an easy, cheap and
reproducible method when evaluating cytogenetic damage in
human populations (10). Micronuclei possess genetic
material that was not incorporated into the main nucleus
during mitosis, as a result of chromosomal breakage or loss
(10). Pathobiological events that induce micronuclei occur
in the basal layer of the epithelial tissue because cell
duplication occurs in this layer. Programmed turnover of
epithelial tissues brings such cells to the surface where they
exfoliate and therefore, it is possible to detect micronuclei,
as well as other metanuclear alterations, under subjective
microscopic analysis using specific DNA stain (10). 
Genomic damage plays an important role during

mutagenesis and carcinogenesis. It has been well established
that genomic damage is produced by environmental exposure
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Table I. Micronucleus incidence (mean±SD) in buccal mucosal cells of
waste collectors.

Group                                                     Micronucleus incidence

Controls (n=30)                                                 0.07±0.02
Waste collectors (n=47)                                    0.03±0.1*

*p>0.05 when compared to the control group. 

Table II. Cytotoxicity (mean±SD) as reflected in the frequency of
karrhyorexis, pyknosis and karyolysis in buccal mucosa cells of waste
collectors as a percentage of total cells examined.

Group                                      Pyknosis       Karrhyorexis      Karyolysis

Controls (n=30)                       9.1±4.8             1.0±0.9             1.9±1.7
Waste collectors (n=47)        16.2±5.3*           0.7±0.8           13.5±9.4*

*p<0.05 when compared to the control group.



to mutagens, carcinogens, and inherited genetic factors such
as defects in xenobiotic metabolism and DNA repair
deficiency (15). Micronuclei characterize genomic instability
in cells and living tissues (16). The detection of an elevated
frequency of micronuclei indicates an increased risk for
developing chronic degenerative diseases, including cancer
(17). Our results demonstrated the absence of statistical
significance for micronucleus frequency in buccal cells of
waste collectors when compared to those from matched
controls. By comparison, some studies have demonstrated
increased frequencies of micronuclei in such cells from
agricultural workers exposed to pesticide mixtures in
Guerrero state, Mexico (18). On the other hand, no induction
of micronucleated cells was observed in buccal epithelia in
people exposed to wood dust (19). Similarly, residents in
Vietman did not show remarkable differences for
micronucleus frequency in buccal mucosa cells after 40 years
of dioxin exposure (20). It seems that chronic exposure to
known genotoxins modulates the cytogenetic status of
exposed groups. This could explain our negative results.
Overall, further studies are welcome to elucidate this issue.
In order to monitor cytotoxic effects, the frequencies of

karyorrhexis, karyolysis and pyknosis were included in this
study. Our results showed that contact with garbage
increased the frequency of pyknosis and karyolysis.
Therefore, such findings revealed that continuous exposure
to garbage induces a cytotoxic effect indicative of necrosis.
It has been established that chromatin shrinkage followed by
disruption of the nuclear membrane may result in
cytotoxicity (21). Some authors have postulated that chronic
exposure to genotoxins induced an increase in cell death in
buccal epithelium of humans (19, 20). Our results are fully
in agreement with these findings. It is important to stress that
cytotoxicity interferes with micronucleus occurrence, as it is
known that such frequency generally declines when
genotoxic agents reach cytotoxic levels (21). Taken together,
we assume that continuous exposure to garbage induces
cytotoxicity as a result of necrosis in buccal mucosa cells.
Karryorexis did not duffer remarkably between the two

groups. These results are totally new and difficult to
interpret since the frequency of pyknosis and karyolysis
were increased in the experimental group. An increases in
karryorexis is closely associated with apoptosis. Apoptosis
is an important biological process in coordinated cell death,
which is genetically controlled for tissue homeostasis (22).
Overall, such findings demonstrated that garbage collection
does not appear to induce any apoptotic response in buccal
cells. 
In conclusion, the results of the present study suggest that

exposure to garbage induces cyototoxic damage in buccal
mucosal cells. Such cytotoxicity represents a degree of risk of
carcinogenesis, particularly via non-genotoxic mechanisms.
This reinforces the need to evaluate the side-effects on health

induced by occupational exposure to garbage. Overall, waste
workers should be examined regularly in order to prevent
some diseases related to continuous chemical or biological
exposure.
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