Thelslamic University Journal (Seriesof Natural Studiesand Engineering)
Vol.19, No.1, pp 23 - 31, 2011, ISSN 1726-6807, http://www.iugaza.edu.ps/ar/periodical/

Chromosomal Aberrationsin Males Occupationally Exposed to
Chemical Pollutantsin the Gaza Strip-Palestine

Mohammed M. Laggan, M ohammed J. Ashour,
Ahmad S. Silmi, Fadel A. Sharif.

Correspondence to: Prof. Fadel A. Sharif, Medical Technology
Department, Islamic University of Gaza-Palestine,
E-mail: fsharif @iugaza.edu.ps

Abstract

Objective: This study was conducted to evaluate the frequency of
chromosomal aberrations in peripheral blood lymphocytes from Paestinian
males exposed to various chemica pollutants during their daily work.

Subjects and Methods. The study population consisted of 32 maes (mean age
35.5 years) didributed as: 14 famers, 3 plumbers, 5 taxi drivers, 6 paint
factory workers, and 4 gas station workers, exposed to pollutants like
pesticide, petrol derivatives etc. The control group consisted of 10 heathy
Paestinian individuas of the same age and gender, but not exposed directly to
pollutants in their jobs. Chromosomes were prepared from peripheral blood
lymphocyte cultures using standard methods. The evauation of chromosomal
aberrations was performed following the IPCS (International Program
Chemical Safety) guiddines for the monitoring of genotoxicity effects of
carcinogensin humans.

Results: A dgnificantly higher incidence (2.14%, p<0.05) of chromosomal
aberrations (chromatid breaks, iso-chromatid bresks, chromatid deletions, and
acentric fragments) were detected in lymphocyte of the study population.
Interestingly, no chromosomal damage at al was recorded in the control
group lymphocyte.

Conclusion: These results suggest that occupational exposure to chemical
pollutants is the cause of the chromosomal aberrations observed in the study
population, which could be related to exposure time, since chromosomal
aberrations were more frequent in workers exposed for longer times. The
increased chromosomal damage detected in the study population can be
atributed to the complex mixture of genotoxic compounds to which this
group has been exposed.
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Introduction
Chromosomal aberrations in human peripheral blood lymphocytes are well-
established biomarkers of exposure to occupational and other environmental
genotoxic agents [1-4]. Cytogenetic anayses from persons occupationaly
exposed to such agents have shown increased frequencies of chromosomal
damage [5-8].
Workers in many fields are occupationally exposed to various and complex
mixtures of chemicas (synthetic and natural organic solvents, heavy metals,
fuel emission particles), many of which were documented as mutagens [3,4, 9-

12].Workers in Gaza Strip normally work without appropriate protective
equipment, and the pollutants in many work places are not disposed of

properly.
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Despite the fact that there are different occupations in Gaza Strip in which
workers are exposed to harmful chemicals and pollutants, no previous studies
have been conducted to evaluate the genotoxic effect of those compounds.

Here we report the results of the cytogenetic analysis of chromosomal
aberrations in peripheral blood lymphocytes from a group of workers exposed
to various chemicals as compared to a control group not directly exposed to
such chemicalsin their daily work.

Materials and Methods

Study subjects

The “study group” consisted of 32 males with a mean age of 35.5 years they
arel4 farmers, 3 plumbers, 5 taxi drivers, 6 paints factory workers, and 4 gas
station workers.

The “control group” included 10 males’ university employees with a mean age
of 34.5 years, who were not directly exposed to chemicals or pollutants in the
course of their professiona work.

The objective of the study was first explained to al participants, after which
they gave their informed consent. Blood samples (2 ml) were collected in
heparinized tubes. Each individua aso completed a persona history
guestionnaire on standard demographic questions such as age and place of birth
as well as lifestyle and health status factors including employment record, time
of exposure to pollutants, drug and tobacco use and eating habits.

Peripheral blood lymphocyte chromosomes preparation

Chromosomes were prepared from peripheral blood samples using standard
methods [13]. Briefly, 0.5 ml heparinized blood was added to 10 ml complete
RPMI-1640 in a sterile Falcon culture tube. For induction of lymphocyte
proliferation, 2% (w/v) phytohemagglutinin-M was added to each culture tube.
Tubes were incubated for 72h at 37°C under 5% CO,. Lymphocytes were
arrested at metaphase by addition of colchicine (20 ug/ml) 30 minutes prior to
harvesting of cells. Cells were collected by centrifugation, resuspended in pre-
warmed hypotonic solution (0.075 M KCl), fixed in methanol: acetic acid (3:1),
and spread on pre-cleaned microscope slides. The preparations were kept at 80
°C for 72h and stained with 2.5% (w/v) Giemsain methanol.
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Evaluation of chromosome aberrations

The evaluation of chromosomal aberrations was performed following the IPCS
(International Program Chemical Safety) guidelines for the monitoring of
genotoxic effects of carcinogens in humans [13]. All slides was coded, and
analyzed blind, with 100 well-spread metaphases screened for each individual .
Achromatic lesions (gaps) were not considered as chromosomal aberrations
[14]. Single chromatid and iso-chromatid deletions were included into one
category as “chromatid(s) deletion”. Chromosomal aberration frequency
differences were anayzed using the Mann-Whitney Test [15].

Results

Data on the total number, type and frequency of chromosomal aberrations
observed in the “study group” as compared to the “control group” is presented
in table.l. Significantly higher incidence (2.41%, p<0.05) of chromosomal
aberrations (chromatid(s) deletions, chromatid and iso-chromatid breaks, and
acentric fragments) were detected in occupationally exposed workers as
compared to the control subjects. The most frequent aberrations encountered in
the “study group” were chromatid deletions.

Figure.1 shows representative microscope (1000x) photographs for each type of
the aberrations documented in the study. Results of the number and frequency
of chromosomal aberrations for each occupation in the “study group” are
provided in table2. As can be seen from the table, the highest frequency of
aberrations were observed in plumbers who are occupationally exposed to
various potential genotoxic substances including organic solvents and paints
dust that are known to contain heavy metals. This category was followed by
farmers who are exposed to various chemicals in the form of pesticides and
fertilizers most of which are of proven toxicity to humans.

The most frequent types of aberrations differed between the categories e.g., in
farmers more chromatid breaks were observed as compared to plumbers while
more frequent chromatid(s) deletions were encountered in the taxi drivers. This
may reflect the different modes of action of chemicalsto which the workers are
exposed to. This observation deserves further investigation.

Table.3 illustrates the frequency of chromosomal aberration in relation to
exposure time. Interestingly, plumbers and farmers who showed significantly
higher aberrations were occupationally exposed to pollutants for longer times
(24 and 17.5 years, respectively) as compared to workersin other professions.
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Discussion

Although chromosomal aberrations were observed in all categories of workers,
only farmers and plumbers showed significant differences in the frequency of
aberrations as compared to the control group. This may indicate that those two
categories of workers are occupationally exposed to more genotoxic chemicals
than others over a longer period of time. Verification of the nature of the
genotoxic component(s) will be considered in a future study.

Anaysis of questionnaire data showed that all workers do not use persona
protective equipment, such as overalls, helmets and masks, and safety boots,
and that most of the workers eat and drink right on the spot of the working area.
These acts alow for the direct exposure to the chemicals handled in their work
professions. Moreover, workers are not aware of the dangerous consegquences of
exposure to the chemicas they are using. The workplaces also lack the
necessary safety measures for the disposal of the harmful chemicals, thereby,
increasing the risk of exposure to those chemicas. Finding a significantly
higher incidence of chromosomal aberrations in the lymphocytes of the “study
group” as compared to the “control group”, and an association between the
frequency of those aberrations and time of exposure indicate that the observed
increase in aberrations could be the primary consequence of occupationa
exposure to genotoxic compounds. This conclusion is congruent with various
earlier studiesin thisfield [1, 7, 10, 16].

Several authors consider cytogenetic biomonitoring (such as measurement of
chromosomal aberrations) as a valuable index of exposure to genotoxic
carcinogens and as a predictor of cancer risk [17-19]. This is plausible since
chromosomal abnormalities are implicated in initiation and progression of
many cancers. This study constitutes the first published record of occupationa
exposure to genotoxic agents in the Gaza Strip. Further studies are needed to
analyze the nature of the chemical components that cause chromosomal
damage, the mode of action of those chemicals on the genetic material, and link
the various chromosomal aberrations with increased risk of cancer and other
diseases such as immune system disorders.
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Table.1. Total number, type and frequency of chromosomal aber rations.

Chromatid . | so- .
Group © Chromatid Chromatid Acentric Total

deletions breaks breaks fragments | aberrations

“Study
group” | 32 (1.0%) | 24 (0.75%) | 7 (0.22%) 14 (0.44%) | 77 (2.41%)
(n=32)

“Control
group” 0 0 0 0 0
(n=10)
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Figure 1. Representative microscope (1000x) photograph of the various
chromosomal aberrations observed in the study. Arrow headsindicate the
abnormality in each photo. Arrow heads do not appear in the photographs.
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Table.2. Types and frequencies of chromosomal aberrations from
categories of workersincluded in the study.

; . Iso- Acentric Total
Occupation Cgéoertnatld %ht:roangzts' Chromatid | fragmen | aberration per IT
1on breaks ts occupation value
Farmer (n=14) 7(0.5%) 15(1.07%) | 3(0.21%) | 7(0.5%) 32 (2.27%) 0.000*
Plumber (n=3) 5 (1.66%) 4(133%) | 2(0.66%) | 2(0.66%) 13 (4.33%) 0.001*
Ta’("rgg')" e 11 (2.2%) 3(0.6%) 2(0.4%) 1(0.2%) 17 (3.4%) 0.000*
Pa“‘fﬁgs‘;rke' 9(1.5%) 0 0 0 9(1.5%) 0.004*
Gas i
Wofﬁer (r']‘iz) 0 2 (0.5%) 0 4(1%) 6 (1.5%) 0.003
Contral group
(n=10) 0 0 0 0 0

*: Statistically significant ( Sig < 0.05).

Table.3. Frequency of chromosomal aberrations (all types) in relation to
exposuretime.

Occupation Chr omogomal M ean Exposure
aberrations time (years)
Farmer (n=14) 32 (2.27%) 17.5
Plumber (n=3) 13 (4.33%) 24
Taxi driver (n=5) 17 (3.4%) 14
Paints worker (n=6) 9 (1.5%)
Gas station worker
(n=4) 6 (1.5%) 9
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