Rev. Fac. Med. Hum. January 2020;20(1):51-54.

DOI 10.25176/RFMH.v20i1.2256

ISSN Version Online: 2308-0531

Faculty of Human Medicine URP

ORIGINAL PAPER

GENETIC BIOMONITORING IN WORKERS OF THE RADIOLOGY
SERVICE OF PNP NATIONAL HOSPITAL LUIS N. SAÉNZ
BIOMONITOREO GENÉTICO EN TRABAJADORES DEL SERVICIO DE RADIOLOGÍA DEL
HOSPITAL NACIONAL POLICIAL LUIS N. SÁENZ
Walter Iván Infantes-Vizcarra1,2,a.

ABSTRACT
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Objective: To evaluate the genotoxic effect on workers exposed to X-rays in the radiology service of the
Luis N. Sáenz national hospital PNP. Methods: The type of study was observational, prospective, analytical,
using the comet assay as an analysis technique. The study population was 20 workers exposed to X-rays
and 20 people without exposure. Results: The mean length of migration of damaged DNA in the control
group was 1,28 ± 0,38 µm compared to 10,39 ± 9,44 µm for the exposed group (p=0,001). DNA damage was
significantly correlated with years of exposure and dose received (p <0,05) but not with age. Conclusion:
X-rays at low permissible doses can cause damage to DNA integrity, correlating with the years of exposure
and total dose exposure of personnel working in the radiology service.
Key words: Genotoxic; Exposure; X-ray; Comet test; Occupational health. (source: MeSH NLM)

RESUMEN
Objetivo: Evaluar el efecto genotóxico en trabajadores expuestos a rayos X en el servicio de radiología del
hospital nacional Luis N. Sáenz PNP. Métodos: Estudio observacional, prospectivo, analítico, utilizando el
ensayo cometa como técnica de análisis. La población de estudio fue de 20 trabajadores expuestos a los
rayos X y 20 personas sin exposición. Resultados: La media de longitud de migración de ADN dañado
en el grupo control fue de 1,28±0,38 µm en comparación con 10,39±9,44 µm para el grupo expuesto
(p=0,001). El daño de ADN se correlacionó significativamente con los años de exposición y dosis recibida
pero no con la edad. Conclusión: Los rayos X a dosis bajas consideradas como permisibles pueden causar
daño en la integridad del ADN, teniendo correlación con los años de exposición en el personal que trabaja
en el servicio de radiología.
Palabras clave: Genotoxicidad; Rayos X; Ensayo cometa; Salud laboral. (fuente: DeCS BIREME)

INTRODUCTION
The integrity of the genetic material is compromised
with exposure to ionizing radiation, giving rise to
genetic changes such as deletions and rupture of
one or both strands of DNA(1). The biological effects
of ionizing radiation (X-rays) vary according to the
exposure time and intensity, and the consequences
are manifested in many organs, people exposed
to high doses of radiation, induces cell death
causing loss of functionality of one or more various
tissues(2,3). Currently, the effects of ionizing radiation

at low doses and even more at doses less than 20250mSv / year, the limit established by international
organizations (IAEA) for the work-exposed
population as the value below which the risk is
minimal but not non-existent(4,5). That is why research
in this regard has been increased in vitro and in vivo,
from the analysis of the mechanisms of molecular
toxicity, genotoxicity, to the search for tools of
genetic biomonitoring and biodosimetry that allow
an approach to damage and better evaluation of
short, medium and long term risk, allowing the
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implementation of control measures(6). Single chain
ruptures and the formation of alkali labile sites in DNA
are widely used parameters for genotoxicity detection.
The comet test is very versatile and adaptable, capable
of giving information about the different types of DNA
damage present in a cell, and also about the cellular
capacity to repair the damage(7).
In Peru, few statistics talk about occupational risks or
accidents and injuries, to which radiology professionals
are exposed(8). The usefulness of the genotoxic
study lies in demonstrating and determining the
relationship between genetic damage and ionizing
radiation. It also allows recommendations to be made
to prevent diseases(9,10). The purpose of this research
was to determine the genotoxic effect of X-rays on the
occupationally exposed personnel of the Radiology
Service of the Luis N. Sáenz National PNP of Lima.

METHODS
The type of study was observational, prospective,
cross-sectional, analytical, during the period
September-October 2013. The study population was
40 people divided into 2 groups, the first group is of
the 20 workers exposed to the X-rays of the Service of
Radiology of the National Hospital PNP LUIS N. SAENZ
of Lima, with 6 hours of daily exposure for 5 days a
week and a working time of exposure of at least 2 years
and age of 20 years or more. The 2nd group was the
control, formed by people from the same work center
without exposure to X-rays. Participation in the study
was voluntarily signing an informed consent letter to
authorize the blood sample previously approved by
the ethics committee of the hospital. The samples were
sent to the Toxicogenetics laboratory of the National
Center for Occupational Health and Environmental
Protection for Health (CENSOPAS – INS, acronym in
Spanish) for processing.
The comet test was performed under alkaline
conditions, according to the method of Singh et al.
(1988) with some minor modifications(11,12).
Blood samples were obtained by venous puncture
with heparin tubes and the lymphocyte was obtained
by a Percoll gradient that was centrifuged at 2200 rpm
for 10 minutes. Subsequently, 25 ul aliquots of the
lymphocyte samples were prepared and suspended in
75 µL of low melting point agarose (0.5%) and added

Pág. 52

to two sheets previously prepared with agarose.
Subsequently, these were submerged in lysis solution
(NaCl 2.5 mol / L, EDTA 0.1 mol / L and Tris 0.01 mol
/ L, 1% Triton, 10% DMSO, pH 10) for 1 h at 4 ° C and
subjected to 20 min of unwinding in electrophoresis
regulatory solution (3% NaOH 10 mol / L, 0.5% EDTA
0.2 mol / L, pH 13). The electrophoresis was performed
at 300 mA and 1.25 V / cm for 20 min, all in darkness.
The sheets were washed with neutralizing regulatory
solution (Tris 0.4 mol / L, pH 7.5) and then the sheets
were dehydrated with ethanol for 3 minutes. The
preparations were stained with ethidium bromide(11,12).
Visualization was performed using an epifluorescence
microscope. The image of each cell was captured
using the Komet 4 program. To quantify DNA damage,
the distance of tail length migration in µm was
considered, considering the following levels: level 0,
no damage (0-5 µm); level 1, low damage (6-20 µm);
level 2, medium damage (21-40 µm); level 3, high
damage (41-80 µm), and level 4, very damaged (> 80
µm) (table 1)(12, 16.17).
The statistical analysis was carried out through the use
of the SPSS v 21.0 software, the Mann Whitney U test
for the contrast of groups, Chi - square for comparison
of damage levels, Correlation of Spearman for the
contrast of the variables and a significance level of α =
0.05 was established.

RESULTS
The total number of individuals analyzed was 40
people, of which 5 women and 15 men were from the
exposed group and 7 women and 13 men from the
control group. The average age of the exposed group
was 43.2 ± 9.31 years, while the control group was 45.5
± 5.92 years. The average dose values of the ionizing
radiation of the exposed group were 0.64 ± 0.58 mSv
(V.N 20-50 mSv). The working time of the exposed
personnel is 4-30 years with an average exposure of
12 ± 8.98 years.
Table 1, summarizes the values obtained from the
comet test, between the control and exposed groups.
The Mann Whitney U comparison statistic for the
2 groups was p = 0.001, so the difference found is
significant. The X² test to compare the levels of damage
between the groups also presented a significant value
(p <0.05).

Genetic biomonitoring in workers of the radiology service

Rev. Fac. Med. Hum. 2020;20(1):51-54.

Table 1. Comparison of DNA damage by X-rays between the exposed and control group.
Group

Damaged DNA
Migration

DNA damage level

(µm)

0 (0-5 µm)

1 (6-20 µm)

2 (21-40 µm)

3 (41-80 µm)

4 (>80µm)

Control

1.26±0.38

1.26±0.38

0

0

0

0

Exposed

10.39±9.44

4.85±2.28

16.43±1.44

26.77±3.97

0

0
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U Test of Mann Whitney p= 0,001 (p<0,05).
Test X² p=0,01 (p<0,05) Damage level : 0= without damage, 1=low damage, 2=medium
Showed values refer to the average±D.E. of the studied groups.

Table 2, shows the Spearman coefficients for the
correlation of age, exposure year, dose received (mSv)
and DNA damage. Statistically significant positive
correlations (p <0.05) were found between the

parameters of exposure year, dose received and DNA
damage. No significant correlation was found with age
(p> 0.05).

Table 2. Spearman's correlation coefficient between age, exposure years and mSv.
Study Variables
Age

DNA tail damage

Years Exhibition

mSv

r

p

r

p

r

p

-0,237

0,141

0,720

0,003

0,218

0,001

DISCUSSION
The data obtained indicate that occupational exposure
in the staff of the Radiology Service presents a
statistically significant increase p = 0.001 (p <0.05). The
comet test showed that the mean value of migration
of DNA damage in the control group was only 1.28 ±
0.38 µm and the exposure was 10.39 ± 9.44 µm. This
finding is in accordance with what was described by
other authors such as Baquero et.al. (2004), Muñoz
et.al (2008) and Ramírez (2002), where the cumulative
effective doses showed that the exposed cohort has
higher values compared to the unexposed, confirming
its exposure to the emitting source, that is to say the
intensifier of images(3,5,8). The damage levels found in
the control group were level 0 (no damage) concerning
the exposed group that showed levels 1 and 2 (low
and medium damage) presenting a significant statistic
of p <0.05. These results are related to the studies by
Guerci and Grillo (2007) where they point out that the
lesions observed in cells exposed to ionizing radiation
correspond to mild damage, which could be attributed
mainly to single-chain lesions and base damage(15).
Spearman's correlation study between age and DNA
damage in personnel exposed to X-rays was p> 0.05,
with no statistical significance. These results agree
with the studies of Gadhia et.al. (2004) and Martínez

et.al. (2010), which did not show a direct relationship
of age in individuals exposed with radiation(4,14).
The correlation of DNA damage and the years of
exposure presented a p = 0.003 and a significant r =
0.720, indicating that there is greater damage in the
first years of radiation exposure. The group exposed to
X-rays showed an average exposure of 12 ± 8.98 years,
presenting a range of exposure at work of 4-30 years.
The results found are related to the studies carried out
by Baquero et.al. (2004) and Díaz-Valecillos et.al. (2004)
on chromosomal aberrations and years of exposure to
X-rays at work, they agreed that the increase in genetic
damage was between 1-10 years of exposure. This can
be interpreted as an increase in chromosomal damage
at the beginning of exposure(3,13).
The correlation between the received dose of mSv and
DNA damage showed a p = 0.001 and a low significant
r = 0.218. The average dose value of the ionizing
radiation of the exposed group was 0.64 ± 0.58 mSv,
which is below the annual values (V.N 20-50 mSv)(8,19).
The results suggest that DNA can be damaged with
low values of exposure to X-rays. The results obtained
are consistent with the findings of Díaz-Valecillos et.al
(2004), Muñoz et.al (2008) and Fuentes Puebla et.al
(2015) who concluded that chronic exposure to low
doses of ionizing radiation is cumulative in the long
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term and can induce the appearance of chromosomal
alterations by keeping direct proportion to the total
amount of radiation absorbed over time(3,5,18).

CONCLUSION

ORIGINAL PAPER

X-rays at low permissible doses can cause damage
to the integrity of the DNA, having a correlation with
the first years of exposure in personnel working in the
radiology service of the Hospital Nacional Luis N. Sáenz
PNP. The findings suggest the usefulness of the comet
test as a useful tool to assess occupational health and
prevent the early onset of pathologies.
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