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	 ABSTRACT

	 A cytogenetic study was performed on 40 work-
men who were exposed to the pesticides malathion 
and chlorpyrifos and on 30 healthy males who had 
not been so exposed. The exposed workers had a 
consistent increase in chromosome abnormalities 
including chromatid gap, chromatid break, isochro-
matid break, dicentric and ring chromosomes, as 
determined by the standard chromosome aberration 
assay, when compared to the control group. The in-
cidence was significantly higher in exposed smok-
ers than that for exposed non smokers and than that 
for the unexposed controls as well. These findings 
provide further evidence for the intrinsic mutagenic 
activity of the pesticides studied.
	 Key words: Chromosomal aberrations; Orga-
nophosphate; Smokers

	 INTRODUCTION

	 Application of pesticides in agriculture is still 
the most effective and accepted means for produc-
tion of better crops. Their widespread application 
shows deleterious effects on the environment and 
human life in different ways. It is usually connected 
with serious problems of pollution and health haz-
ards [1-7]. A subtle danger from wide scale use of 

these chemicals may be mutagenesis and toxicity to 
a broad range of organisms, either by direct expo-
sure or by their ingestion through the food chain [8-
11]. Whereas several studies have reported adverse 
effects of pesticides on chromosomes in a labora-
tory test system [9,12-17], few have been done in 
populations occupationally exposed to pesticides 
[18,19]. In studies of chromosome aberrations in 
workers occupationally exposed to pesticides both 
positive [3,18-21] and negative findings [22,23] 
have been reported. This prompted one to study 
the cytogenetic effects in agricultural workers oc-
cupationally exposed to pesticides in Jordan, most 
of whom are not protected during their use in the 
fields.

	 MATERIALS AND METHODS

	 The study included 40 healthy male agricultural 
workers (age range 24-29 years) with a mean age 
of 26.3 years who were exposed to the pesticides 
malathion and chlorpyrifos with varied durations of 
exposure (2-5 years) in Jordan. Thirty unexposed 
healthy males of the same communities (age range 
23-28 years) with a mean age of 26.10 years who 
had no occupational contact with pesticides, were 
used as a control group. Twenty of the 40 work-
ers and 16 of the 30 controls were smokers. All the 
participants in the study completed a questionnaire 
about their medical and occupational history. Any of 
the individuals who had been exposed to any agent 
known to interfere with the results, such as expo-
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sure to X-ray, to viral infection, or to drugs within a 
period of 3-4 months preceding the blood sampling 
was excluded.
	 Peripheral blood samples were collected by 
the classical method and sent coded to the Genet-
ics Laboratory (Department of Biological Sci-
ences, University of Jordan, Amman, Jordan) for 
cytogenetic analysis. Lymphocyte cultures were 
performed according to Hungerford [24], with mi-
nor modifications. The lymphocytes were cultured 
in RPMI 1640, supplemented with 20% fetal calf 
serum, penicillin-streptomycin solution and 0.2 mL 
phytohemagglutinin. Incubation was at 37°C for 48 
hours and, during the last 2 hours, colcemid (0.1 µg/
ml) was added to produce mitotic arrest. The cells 
were then treated with hypotonic potassium chlo-
ride (0.075 M KCI) and fixed with glacial acetic 
acid in methanol (1:3). Air-dried slides were stained 
with 10% Giemsa. A total of 200 cells per individual 
were examined. Only cells with complete chromo-
some number were scored for chromosomal aberra-
tions which were classified and recorded as recom-
mended by the World Health Organization [25]. The 
data obtained were statistically analyzed by means 
of the t-test.

	 RESULTS

	 The cytogenetic analysis of structural chromo-
some aberrations was performed in 8,000 cells from 
the 40 exposed workers. The data on chromosomal 
aberrations are given in Table 1. Aberrations pro-
duced by the pesticides included gaps, chromatid 
breaks, isochromatid breaks and exchanges like 
dicentric, rings and trivalents. The results were 
compared with those obtained from 30 unexposed 
healthy controls, who were living in the same com-
munities, as shown in Table 2. When the corre-
sponding data were compared between workers and 
controls, the workers showed significantly (p <0.05-
p <0.01) higher rates for numbers of abnormal cells, 
gaps, chromatid breaks and chromosomal aberra-
tions analyzed separately or combined as compared 
with the controls in both smokers and non smok-
ers (Table 3). In individuals exposed to pesticides, 
a slight increase (but not significant) (p >0.05) in 
the frequency of abnormal cell, gaps and chroma-
tid interchanges was observed in the smokers when 
compared to non smokers.

	 DISCUSSION

	 Extensive studies have been carried out to in-
vestigate the genotoxic effects of organophosphorus 
pesticides [1]. The in vitro and in vivo cytogenetic 
assay is important for monitoring the genotoxicity 
of these pesticides [3,16,18,26]. In the present study, 
a cytogenetic investigation was carried out on field 
workers who were exposed to pesticides and given 
to the habit of smoking (Table 1). For comparison, 
studies were also carried out on smokers and non 
smokers who were not exposed to pesticides (Table 
2). The breaks induced were mainly of the chroma-
tid type, indicating damage at the G2 phase of the 
cell cycle (Table 1). Similar effects had been record-
ed earlier on other mammalian system [27,28].
	 Statistical analysis revealed that there was a sig-
nificant increase in chromosomal aberration rate in 
smokers exposed to pesticides compared to smok-
ers who were not exposed (Table 3). This does not 
agree with the reported results [29].
	 As Tables 2 and 3 indicate, the control smokers 
showed a significant increase in chromosomal aber-
ration rate when compared to non smokers controls. 
This provides further evidence for the intrinsic mu-
tagenic activity of smoking and agrees with obser-
vations reported [30-34].
	 This study demonstrated a high statistically sig-
nificant increase in the chromosomal aberrations 
in the lymphocytes of the exposed smoker and non 
smoker workers compared with the controls (Table 
3). These findings agree with the observations made 
by several authors [3,16,18-20]. However, two as-
pects in the induction of these chromosomal aber-
rations must be considered. One is that the chro-
mosomal aberration increase could be attributed to 
the fact that workers were exposed to the pesticides 
for long periods each year and the level of exposure 
was enough to produce chromosomal aberrations. 
The second aspect is that the higher chromosomal 
aberration frequency might be due to the combined 
activity of the pesticides. Taking into account that 
those workers use a large spectrum of pesticides and 
most of them are not protected by safety measures 
and, possibly, this kind of exposure is responsible 
for the observed chromosomal aberration increase. 
Moreover, this finding is consistent with the obser-
vations reported by other authors [18,35-39]. Since 
the significant increase in chromosomal aberration 
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Subject Age (years) Exposed to
Smoking (years)

Exposed to
Pesticides (years)

Number of
Cells Scored

Number of
Abnormal Cells

Smokers
1 27 4 3 200 6
2 25 3 2 200 4
3 24 3 5 200 10
4 26 2 3 200 4
5 28 3 4 200 5
6 26 4 5 200 9
8 27 5 2 200 3
9 25 3 4 200 5
10 27 6 5 200 9
12 26 3 3 200 4
13 28 5 4 200 6
14 27 6 4 200 4
15 26 5 3 200 5
17 25 4 2 200 4
18 27 3 3 200 3
19 26 2 4 200 8
21 26 3 5 200 8
22 27 4 4 200 6
23 28 2 5 200 9
24 27 3 2 200 3

Average 26.4 ± 0.24 – – 4000 5.75 ± 0.05

Number of
aberrations/cell – – – – 0.03
Non smoker
1 27 0 5 200 7
2 28 0 3 200 4
3 28 0 2 200 6
5 26 0 4 200 5
6 26 0 5 200 7
7 25 0 4 200 5
8 27 0 5 200 6
9 26 0 4 200 5
10 27 0 4 200 4
11 28 0 5 200 7
12 26 0 4 200 7
14 25 0 3 200 4
15 27 0 3 200 5
16 26 0 4 200 5
17 26 0 4 200 6
18 29 0 5 200 7
19 25 0 4 200 6
20 24 0 3 200 4
21 25 0 3 200 4
22 24 0 2 200 3

Average 26.4 ± 0.30 – – 4000 3.35 ± 0.26

Number of
aberrations/cell – – – – 0.03
Combined 
(S+NS)
average 26.3 ± 0.1 – – 8000 5.35 ± 0.29
Number of
aberrations/cell – – – – 0.03

Table 1A. Analysis of structural chromosome aberrations in workers exposed to pesticides
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Chromosome Aberrations Total Chromosome Interchange
Total Number
Aberrations/

100 cells

Subject Al B’ B” DIC+ DIC– RI
B’+B”+
DIC++

DIC–+RI RB’ RB’B” Total
Al+B’+B”+DIC++DIC–

+RI+RB’+RB’B”

Smokers
1 4 3 2 1 – – 6 – – 0 5.0
2 3 2 1 – 1 – 4 – – 0 3.5
3 5 3 3 – – – 6 – – 1 6.0
4 4 3 1 – 1 – 5 – – 0 4.5
5 8 3 2 – 1 – 6 1 – 1 7.5
6 10 4 3 1 1 1 10 – 0 1 0.0
8 3 3 1 – – 1 5 – 0 0 4.0
9 4 3 3 – 1 – 7 – 0 0 5.5
10 8 6 3 1 – – 10 – 1 1 9.5
12 4 3 2 – 1 – 6 – 0 0 5.0
13 5 3 3 1 – – 7 – 0 0 6.0
14 4 2 2 1 – – 5 – 1 1 5.0
15 3 7 2 – – – 9 – – 0 6.0
17 2 7 1 – 1 – 9 – – 0 5.0
18 2 3 2 – – – 5 – – 0 3.5
19 4 4 3 – – – 7 – – 0 5.5
21 9 4 2 1 1 – 8 – – 0 8.5
22 7 3 3 – 3 1 10 1 – 1 9.0
23 10 2 2 – 1 1 5 – – 0 7.0
24 3 4 2 – – – 7 – – 0 5.0
Average 5.10±0.57 3.70 2.16 0.30 0.60 0.20 7.10 0.10 0.15 0.25 6.10

Number of 
aberrations/cell 0.03 0.02 0.01 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03

Non smoker
1 7 4 2 1 – 8 – 0 0 0 7.5
2 4 2 1 – – – 3 – – 0 3.5
3 3 3 3 – – – 6 – – 0 4.5
5 4 4 2 – 1 – 7 – 1 1 6.0
6 8 4 1 – 1 – 6 1 – 1 7.5
7 4 3 2 – – – 5 – – 0 4.5
8 6 2 3 – 1 1 7 – 1 1 7.0
9 4 3 2 – 1 – 6 – – 0 5.0
10 4 3 1 – 1 – 5 – – 0 4.5
11 7 4 3 1 – – 8 – – 0 6.5
12 5 2 2 1 1 – 5 – – 0 5.5
14 4 4 1 – – – 5 – – 0 4.5
15 3 3 2 – – 1 6 – – 0 4.5
16 3 3 3 – – – 6 – – 0 4.5
17 4 2 2 1 1 – 6 – – 0 5.0
18 5 4 2 1 1 – 8 1 – 1 7.0
19 3 3 2 – – – 5 – – 0 4.0
20 3 2 1 – – – 3 – 1 1 3.5
21 2 3 2 – – – 5 – – 0 3.5
22 3 3 1 – 1 – 5 – – 0 4.0
Average 5.35±0.26 3.05±0.18 1.90 0.25 0.55 0.10 5.70 0.10 0.10 0.35 5.13±0.28

Number of 
aberrations/cell 0.02 0.02 0.01 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03
Combined 
(S+NS) 
average 4.65±0.34 3.38±0.18 2.02 0.28 0.57 0.15 6.40 0.10 0.12 0.23 5.61±0.27

Number of 
aberrations/cell 0.02 0.02 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.03

Table 1B. Analysis of structural chromosome aberrations in workers exposed to pesticides (continued)

Al: achromatic lesions (gaps); B’: chromatid break; B”: isochromatid or chromosome break; RB’: chromatid 
exchange; RB’B”: trivalent; DIC+: dicentric chromosome with fragment; DIC–: ducentric chromosome without 
fragment; RI: ring chromsome; T: total; S: smokers; NS: non smokers.

Abnormal cells with at least one chromosome aberrration. Cells with achromatic lesions only were not scored as 
abnormal.
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Subject Age
(years)

Exposed to
Smoking (years)

Exposed to
Pesticides (years)

Number of
Cells Scored

Number of
Abnormal Cells

Smokers
1 24 2 0 200 6
2 26 3 0 200 4
3 26 3 0 200 8
4 23 2 0 200 4
5 27 4 0 200 6
6 26 5 0 200 8
7 26 3 0 200 4
8 24 6 0 200 4
9 28 5 0 200 4
10 28 6 0 200 6
12 25 4 0 200 4
13 27 4 0 200 4
14 28 2 0 200 4
15 28 3 0 200 4
17 26 4 0 200 6
18 28 3 0 200 6

Average 26.25 – – 3200 5.13 ± 0.36

Number of
aberrations/cell – – – – 0.3
Non Smokers
1 27 0 0 200 4
2 28 0 0 200 6
3 26 0 0 200 6
4 28 0 0 200 4
5 25 0 0 200 4
7 26 0 0 200 6
8 25 0 0 200 4
9 24 0 0 200 4
10 23 0 0 200 4
11 27 0 0 200 2
13 26 0 0 200 4
14 28 0 0 200 4
15 25 0 0 200 4
16 28 0 0 200 2

Average 26.14 – – 2800 4.14 ± 0.32

Number of aberrations/
cell – – – – 0.02
Combined (S+NS) 
average 26.19 – – – 4.67 ± 0.24
Number of aberrations/
cell – – – 6000 0.02

Table 2A. Analysis of structural chromosome aberrations in the control group
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Chromosome Aberrations Total Chromosome Interchange
Total Number
Aberrations/

100 cells

Subject Al B’ B” DIC+ DIC– RI

B’+B”+
DIC++

DIC–+RI RB’ RB’B” Total

Al+B’+B”+DIC+ 

+DIC–+RI+RB’+
RB’B”

Smokers
1 4 4 1 1 0 0 6 0 0 0 5.0
2 2 2 1 0 0 0 3 0 0 0 2.5
3 4 6 3 1 0 0 10 0 0 0 7.0
4 4 2 2 0 0 0 4 0 0 0 4.0
5 2 2 2 0 1 0 5 0 0 0 3.5
6 4 4 0 0 1 1 6 0 0 0 5.0
7 4 2 2 0 0 0 4 1 0 1 4.5
8 4 4 0 0 0 1 5 0 0 0 4.5
9 6 5 2 0 0 0 7 1 0 1 7.0
10 2 5 2 1 0 0 8 0 0 0 5.0
12 3 2 0 0 1 0 3 0 0 0 3.0
13 3 4 2 0 0 0 6 0 0 0 4.5
14 2 2 1 1 1 0 5 0 0 0 3.5
15 2 2 1 0 0 0 3 0 0 0 2.5
17 4 4 2 1 1 0 8 0 0 0 6.0
18 4 4 4 0 0 0 8 0 0 0 6.0

Average 3.32±0.27 3.38±0.34 1.56±0.30 0.25 0.31 0.13 5.68±0.52 0.13 0.00 0.12±0.08 4.59±0.35

Number of
aberrations/cell 0.02 0.02 0.01 0.00 0.00 0.00 – 0.00 0.00 0.00 –

Non Smokers
1 1 2 0 0 0 0 2 0 0 0 1.5
2 2 2 0 0 0 4 0 0 0 0 2.5
3 2 3 1 0 0 0 4 0 0 0 3.0
4 2 2 2 0 0 0 4 0 0 0 3.0
5 1 2 0 0 0 0 2 0 0 0 1.5
7 1 3 1 0 0 0 4 0 0 0 2.5
8 0 2 0 0 0 0 2 0 0 0 1.0
9 2 2 1 0 0 0 3 0 0 0 2.5
10 1 2 1 0 0 0 3 0 0 0 2.0
11 1 0 0 0 0 0 0 0 0 0 0.5
13 2 2 1 0 0 0 3 0 0 0 2.5
14 2 2 2 0 0 0 4 0 0 0 3.0
15 0 2 1 0 0 0 3 0 0 0 1.5
16 2 0 1 0 0 0 1 0 0 0 1.5

Average 1.29±0.19 1.86±0.23 0.93±0.19 0.00 0.00 0.00 2.78±0.71 0.00 0.00 0.00 2.04±0.21

Number of
aberrations/cell 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Combined (S+NS)
average 2.33±0.18 2.66±0.25 1.30±0.17 0.13 0.15 0.07 4.33±0.41 0.07 0.00 0.06±0.11 3.32±0.23
Number of
aberrations/cell 0.01 0.01 0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.02

Table 2B. Analysis of structural chromosome aberrations in the control group (continued)

Al: achromatic lesions (gaps); B’: chromatid break; B”: isochromatid or chromosome break; RB’: chromatid 
exchange; RB’B”: trivalent; DIC+: dicentric chromosome with fragment; DIC–: ducentric chromosome without 
fragment; RI: ring chromsome; T: total; S: smokers; NS: non smokers.

Abnormal cells with at least one chromosome aberrration. Cells with achromatic lesions only were not scored as 
abnormal.
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Means Comparison t Value Probability

I. Workers
Number of abnormal cells
A chromatic lesion (gap)
Chromatid break (B’)
Chromosome aberrations (B’+B”+DIC++DIC–+R1)
Chromatid interchange (RB’+RB’B”)
Total number of aberrations/100 cells

S vs. NS
S vs. NS
S vs. NS
S vs. NS
S vs. NS
S vs. NS

0.2460
1.3513
3.1553
2.5706
0.4274
2.1320

p >0.05
p >0.05
p <0.01
p <0.05
p >0.05
p <0.05

II. Controls
Number of abnormal cells
A chromatic lesion (gap)
Chromatid break (B’)
Chromosome aberrations (B’+B”+DIC++DIC–+R1)
Chromatid interchange (RB’+RB’B”)
Total number of aberrations/100 cells

S vs. NS
S vs. NS
S vs. NS
S vs. NS
S vs. NS
S vs. NS

2.0008
6.8104
3.5899
3.3437
1.3888
6.4399

p <0.05
p <0.01
p <0.01
p <0.01
p >0.05
p <0.01

III. Combined (S+NS)
Number of abnormal cells
A chromatic lesion (gap)
Chromatid break (B’)
Chromosome aberrations (B’+B”+DIC++DIC–+R1)
Chromatid interchange (RB’+RB’B”)
Total number of aberrations/100 cells

W vs. NS
W vs. NS
W vs. NS
W vs. NS
W vs. NS
W vs. NS

2.2055
5.3050
2.8356
2.8706
0.9571
6.2194

p <0.05
p <0.01
p <0.05
p <0.01
p >0.05
p <0.01

IV. Smokers
Number of abnormal cells
A chromatic lesion (gap)
Chromatid break (B’)
Chromosome aberrations (B’+B”+DIC++DIC–+R1)
Chromatid interchange (RB’+RB’B”)
Total number of aberrations/100 cells

W vs. NS
W vs. NS
W vs. NS
W vs. NS
W vs. NS
W vs. NS

0.9934
2.5145
0.6721
2.0910
0.7488
2.5989

p >0.05
p <0.05
p >0.05
p <0.05
p >0.05
p <0.01

V. Non Smokers
Number of abnormal cells
A chromatic lesion (gap)
Chromatid break (B’)
Chromosome aberrations (B’+B”+DIC++DIC–+R1)
Chromatid interchange (RB’+RB’B”)
Total number of aberrations/100 cells

W vs. NS
W vs. NS
W vs. NS
W vs. NS
W vs. NS
W vs. NS

2.9533
6.8341
4.1975
4.0813
2.2222
7.7657

p <0.01
p <0.01
p <0.01
p <0.01
p <0.05
p <0.01

in the present study could be due to the fact that the 
workers were exposed to two pesticides, a further 
study should include a cytogenetic evaluation of in-
dividual pesticide.

	 CONCLUSIONS

	 This first cytogenetic study performed in Jordan 
revealed a highly significant increase in the number 

Table 3. Statistical analysis of the means

S: smokers; NS: non smokers; W: workers; C: controls.

of chromosomal aberrations in lymphocytes of ag-
ricultural workers, smokers and non smokers, ex-
posed to malathion and chlorpyrifos. Therefore, it is 
recommended that precautionary measures should 
be taken and that smoking should be avoided while 
spraying.
	 The exposed group needs further biological 
tests and follow-up to identify other potential fac-
tors leading to later malignancy development. A 
new environmental policy with a rational strategy 
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is needed to reduce the contamination and genetic 
risks to these agricultural workers. These considera-
tions may yield greater insights, greater awareness, 
and modified public policies, and increase activity 
to mitigate these adverse effects.
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