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deleterious consequences in humans, 
including, but not exclusively, cancer 
induction; however, the effect of such 
radiation at lower doses, as in 
occupational work settings, is less clear 
(2) and needs a comprehensive 
elucidation. The levels of exposure to 
ionizing radiation in hospitals have 
decreased in recent decades and are now 
far below the regulatory limit of 20 
mSv/year, indeed below the detection 
limit of dosimeters. Some medical uses 
of radiation, such as nuclear medicine 
and interventional procedures, may 
expose the personnel to higher doses, 
and these are subjects of concern(3). 
With development of techniques in 
cytogenetic, the response of human 
chromosomes to ionizing radiations 
both, in vivo and in vitro has been 
investigated thoroughly. In vitro studies 
on human lymphocytes exposed to 
different type of radiations have  shown 
that, the frequency of induced  
aberrations are same as if they were 
exposed in vivo (4,5) .In vivo 
cytogenetic studies of accidental 
exposure of human to radiations have 
been carried out and are confined to 
groups like people exposed to 
Chernobyl explosion (6,7), radiation 
accident in Goiania-Brazil (8),  assess 
chromosomal damage in Tunisian 
hospital workers occupationally 
exposed to low levels of IR (9), also 
assessment of  DNA damage in 
peripheral blood lymphocytes  of 
radiation workers at Al-Tuwaitha 
Site(10). 

Cytogenetic studies on individuals 
occupationally exposed to radiation 
have been carried out extensively. High 
frequency of  chromosomal aberration 
(CA) such as dicentrics, rings and 
acentrics in the peripheral blood 
lymphocytes of personnel handling 

diagnostic X-ray machines has been 
reported by Kasuba  et al., 1997 and 
Gadhia et al., 2004  (11,12). However, 
many cytogenetic studies have been 
conducted among hospital workers 
exposed to IR. (13). Observed increased 
rates of chromosomal aberrations in 
hospital workers exposed to IR. A low, 
but statistically significant, increase in 
the rate of chromosomal aberrations in 
circulating lymphocytes among hospital 
workers with thyroid nodules was also 
observed in workers occupationally ex-
posed to radiation (14). A cytological 
consequence of induction of 
chromosome aberrations is the 
formation of micronuclei (MNs) that are 
observed in interphase cells. A 
micronucleus is formed during cell 
division when the nuclear envelope is 
reconstituted around chromosome 
fragments lacking a centromere 
(acentric fragments) or a lagging whole 
chromosome that is not incorporated 
into the main daughter nucleus, or both. 
This gives rise to a separate smaller 
nucleus in addition to the main daughter 
nucleus. The cytokinesis-blocked 
micronucleus (CBMN) assay is widely 
used, since it represents a reliable test to 
assess radiation-induced chromosome 
damage and it is a valuable biomarker 
in many biomonitoring studies on 
human populations occupationally or 
environmentally exposed to IR (15). 
The micronucleus-centromere assay 
combines the MN assay with 
fluorescence in situ hybridization 
(FISH). It uses a pan-centromeric probe 
to detect micronuclei ( MNs) derived 
from acentric chromosome fragments or 
whole chromosomes (16, 17). Due to its 
predominantly clastogenic action, IR 
exposure is expected to induce 
micronuclei than positively labeled 
micronucles. There is now some 
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evidence that centromere identification 
in MNs can improve the detection of in 
vivo effects of clastogenic exposures in 
humans (18). The nuclear division index 
(NDI) is a marker of cell proliferation in 
cultures which is considered a measure 
of general cytotoxicity, the relative 
frequencies of the cell,s may be used to 
define cell cycles progression of the 
lymphocyte after mitogenic stimulation 
and how this has been affected by the 
exposure, the index is in itself not 
sufficiently robust for direct application 
as a biodosimeter. Nevertheless the 
assay is frequently employed as a useful 
research tool for understanding the cell 
cycling kinetics of the cultures. It will 
indicate perturbations that may be 
caused by exposure to a mutagen such 
as radiation (19, 20). 

Single-cell gel electrophoresis 
(SCGE) provides a rapid, visual method 
for assessing DNA breakage 
quantitatively in single cells. DNA 
damage is visualized at the individual 
cell level as an increased migration of 
genetic material (‘‘comet tail’’) from 
the nucleus (‘‘comet head’’). It requires 
viable cells, but not growth, and can be 
applied to terminally differentiated 
cells(21). They have a head and a tail, 
with the head being the stained remains 
of the lymphocyte nucleus, and the tail 
being fractionated DNA which has 
trailed out along the gel when 
electrophoresis is conducted (22). The 
comet assay very sensitive and requires 
a researcher who is skilled at 
interpreting the results. This test is 
widely conducted when searching for 
genetic damage (23). During the last 
years, the single cell gel electrophoresis 
(SCGE) or comet assay was introduced 
as a useful technique for human 
biomonitoring studies (24-28). The 
objective of the present study was to 

assess the role of chromosomal 
aberrations, cytokinesis-blocked 
micronucleus assay and DNA gel 
electrophoresis (comet) assay as 
biomarkers of radiation injury in 
individuals occupationally exposed to 
ionizing radiation.  
 
Materials and Methods: 
 

The study of professionals 
occupationally exposed to ionizing 
radiation comprised 30 individuals (18 
males and 12 females), age range (22-
57) years, 18 were non-smokers and 12 
ionizing radiation in Al-Amal National 
Hospital for cancer management in 
Baghdad –Iraq. Cytogenetic findings of 
the whole group were compared to 
those obtained in an age-matched 
control group of 20 healthy blood 
donors without radiation history. The 
age of the control group was range 19–
55 years. No subject had a personal 
medical history of cancer, genetic 
disease, chronic inflammatory disease, 
or recent infectious phase. None of 
them was taking known mutagenic 
drugs. 
 
Assay procedure: 
 

The chromosome aberration 
(dicentric) and CBMN assay were 
performed according to the description 
by IAEA , 2001 (29).The DNA gel 
electrophoresis (comet) assay was 
performed according to the description 
by  Kassie et al ., 2000 (22). 
 
Blood sampling and lymphocyte 
cultures: 
 

Samples of 4 ml whole blood were 
obtained using heparinized vacutainer 
tubes. The cultures were set up by 
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adding 0.5 ml of heparinized blood to 
4.5 ml RPMI 1640 medium (sigma), 
supplemented with 20% fetal calf serum 
(sigma), and 0.1 mg/ml streptomycin 
(Sigma-Aldrich). Phytohemagglutinin 
(PHA) at a concentration of 10 μl / ml 
was used to stimulate lymphocyte 
proliferation. Blood cultures were 
incubated at 37°C for 56 and 72 hours 
for CA and MN respectively. 
Cytochalasin B (Sigma) was added 44 h 
after PHA stimulation at a concentration 
of 4.5 µg /ml to block cells at 
cytokinesis. Colchicine was added to a 
final concentration of 0.5 μg /ml before 
2 h the end of the CA incubation. 
 
Treatment with hypotonic solution 
and fixation: 
  

After 56 h of incubation, the CA 
cultures were harvested by 
centrifugation, suspended in hypotonic 
solution (0.075 mol/L KCl), incubated 
for 20 minutes at 37°C and fixed in 
three changes of methanol: acetic acid 
(3:1). Cell suspensions were dropped on 
wet, cold slides and dried. Then the 
slides were routinely stained with 
Giemsa (29).  After a 72h incubation 
period, the MN  cells were collected by 
centrifugation (1000 rpm, for 5 min), 
hypotonically treaded with cold  0.01M 
KCl for 3 min to lyse red blood cells. 
After removal of the supernatant, the 
pellet was fixed with a fixative solution 
containing methanol:acetic acid (3:1). 
The cells were washed with four further 
exchanges of fixative solution, After 
fixation, the cells were gently 
resuspended, dropped onto wet clean 
glass slides and allowed to dry. Slides 
were stained in 4% Giemsa solution for 
8 min .After fixation, the cells were 
gently resuspended, dropped onto wet 
clean glass slides and allowed to dry. 

Slides were stained in 4% Giemsa 
solution for 20 min. 
Microscopic examination: 
 

The coded slides were scored and 
analyzed at amagnification of 1,000 X. 
A total of 200 cells / individual were 
screened in the control group and in the 
exposed group, and different types of 
aberrations were classified.Stained 
samples for MN  were evaluated using 
microscope; a total of 500 binucleated 
cells was evaluated for the frequency of 
MN using 400 x magnification for 
surveying the slides while 1000 × 
magnification was used to confirm the 
presence or absence of MN in the cells. 
A total of 1000 living interphasic cells 
were used for assessment of mono-, bi-, 
and poly-nucleated cells and calculation 
of NDI by using the formula (29): 

NDI = (M1 + 2 x M2 + 3 x M3 + 4 
x M4) /N.Where M1 to M4 represent 
the number of cells with one to four 
nuclei and N is the total number of 
viable cells scored. The mitotic indexes 
were calculated (MI = number of cells 
in division/number of analyzed cells) 
for both groups. 

To quantify the DNA damage, the 
following comet parameters were 
evaluated: tail length (TL), and tail 
moment (TM). Tail length (length of 
DNA migration) is related directly to 
the DNA fragment size and presented in 
micrometers. 
 
Data Analysis and Statistics: 
 

The data of this study were 
compiled into the computerized data file 
and frequency, distribution and 
statistical description (Mean, SE) were 
divided using SPSS statistical software. 
We used statistical analysis of variance 
(ANOVA) test and least significantly 
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difference (LDS) test by probability of 
less than 0.05 (p<0.05) according         
to (30). 
 
Result and Discussion: 
 

The chromosomal aberration, 
micronuclei and comet assay was 
performed in 30 workers exposed to a 
low dose of ionizing radiation and in 20 
matched controls. Chromosomal 
aberrations scored in metaphase 
chromosomes were identified by 
Giemsa staining (Figure 1).The data on 
frequencies of chromosomal aberrations 
in lymphocytes among radiation 
workers and control groups are shown 
in Table 1.Results revealed a significant 
increase in fragment (P < 0.05) and 
chromatid type aberration gaps and 
break (p< 0.05) among the 
chromosomes of the radiation workers 
when compared to controls. The 
increase frequencies of chromosomal 
aberration in radiation workers indicate 
the cumulative effect of low-level 
chronic exposure to ionizing radiation 

(11, 12). There are evidences of 
association between occupational 
exposure, cytogenetic alterations and 
the increase in cancer rates (31). It is 
known that the probability of 
carcinogenesis is greater in populations 
exposed to radiation, since ionizing 
radiation can raise the frequency of CA 
and spontaneous mutations.  

Cytogenetic monitoring of hospital 
workers exposed to low doses of 
ionizing radiation has been carried out 
by means of analyzing the frequencies 
of chromosomal aberration (5) or 
centromere-positive micronuclei (17), 
comparing the results with those of a 
control group. A biologically significant 
result was obtained   a greater frequency 
of acentric chromosomes in workers 
occupationally exposed to radiation for 
radiological diagnoses, when compared 
with control individuals (1). The present 
observations support the findings of 
other investigators and agree with many 
cytogenetic studies carried out in 
workers exposed to chronic low doses 
of ionizing radiation (11,13,32). 

 
Table (1): Chromosomal aberrations (Mean ± SD) among radiation workers in Al-Amal National 

Hospital for cancer Management in Baghdad and control groups 
Study 
groups 

No. of 
samples 

No. of 
metaph
- ases 
score 

Chromosomes aberration Chromatid type 
aberration 

Total 
chromoso-

mal 
aberration Fragment 

chromoso-
me 

Ring 
chromos-

ome 

Dicentric  
chromoso-

me 

Break Gap 

Radiation 
workers 

 

30 6000 0.0189 * 
± 

0.007 

0.00066* 
    ±  

0.0022 

0.0096* 
± 

0.007 

0.0150* 
± 

0.002 

0.012* 
± 

0.003 

0.0578* 
± 

0.019 
Control 20 4000 0.0077 

± 
0.002 

0.000 
± 

0.00 

0.0008 
± 

0.002 

0.005 
± 

0.002 

0.005 
± 

0.002 

0.018 
± 

0.004 

*Significant at (P< 0.05) as compared to control. 
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Figure (1): Chromosome aberrations type dicentic and fragment in metaphase cell(1000X).AF:  

Fragment ,  DC: Dicentric). 
    

The frequencies of MN frequency, 
nuclear division index and mitotic index 
were performed on peripheral blood 
lymphocytes which were obtained from 
30 individuals of workers exposed to a 
low dose of ionizing radiation, then 
compared with 20 individuals control 
living in Baghdad. Micronuclei (MN) 
are formed from lagging chromosomal 
fragments or whole chromosomes at 
anaphase which are not included in the 
nuclei of daughter cells (Fig. 2). They 
are therefore seen as distinctly separate 
small spherical objects that have the 
same morphology and staining 
properties of nuclei, within the 
cytoplasm of the daughter cells (33).   

The results of the frequency of MN 
measured in binucleated lymphocyte 

cell in radiation workers and control 
group are summarized in Table 2.  The 
MN frequency was significantly higher 
(p < 0.05) in the radiation workers 
(0.0285 ± 0.0034 MN/cell.), compared 
to the controls (0.0074± 0.0013 
MN/cell.), as shown in Figure 2 and 
table 2.Results on the MN frequency, 
NDI  and MI  study have been compiled 
in Table 2. However MN frequency was 
statistically significant (P< 0.01) among 
radiation workers as compared to 
control individuals. No significant 
change in either mean mitotic index of 
radiation workers as well as controls 
was noticed (Table 2). To assess the 
origin of the observed MNs induced as 
a result of an aneugenic or a clastogenic 
effect of a low dose of IR. 

 
Table (2): frequency of MN in  peripheral lymphocytes among radiation workers in Al-Amal 

National Hospital for cancer Management in Baghdad –Iraq and control group 
 

Study 
groups 

No. of 
samples 

Micronuclei frequency 
 

Nuclear 
Division Index 
(Mean ± SD) 

 

Mitotic index 
(1,000 cells/ 
individual) 

(Mean ± SD) 
No. of 

BN cells 
Total 
of MN 

MN/cells 
(Mean ± SD) 

Radiation 
workers 

 

30 15000 428 
 

*0.0285  
± 

0.0034 

*1.150  
± 

0.007 

2.78  ±    0.23 

Control 20 10000 74 0.0074 
± 

0.0013 

1.312 
± 

0.0114 

3.10 ±  0.21 

*Significant at (P< 0.05) as compared to control. 
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chromosome aberration within of 
normal values according of the 
technical report of International Atomic 
Energy Agency (IAEA) No. 405, 2001. 
 
References: 
 
1. UNSCEAR. (1982). Ionizing radiation: 

sources and effects. New York: United 
Nations Scientific Committee on Effects of 
Atomic Radiation.  

2- Angelini, S.; Kumar, R.; Carbone, F.; 
Maffei, F.; Cortelli, G. and Francesco, F. 
(2005). Micronuclei in humans induced by 
exposure to low level of ionizing radiation: 
Influence of polymorphisms in DNA 
repair genes. Mutat. Res., 570:105–117.  

3- Sari-Minodier, I.; Orsière,T.; Auquier, P.; 
Martin, F. and  Botta, A. (2007). Cy-
togenetic monitoring by use of the 
micronucleus assay among hospital 
workers exposed to low doses of ionizing 
radiation. Mutat. Res., 629:111–121. 

4- Evans, H.J. (1983). Effects on 
chromosome of carcinogenic ray and 
chemicals. In: James German (Ed.): 
Chromosome Mutation and Neoplasia. 
New York: Alan R. Liss, Inc. pp. 253 -
279. 

5- Fabry, L. and Lemaire, M. (1986). Dose 
response relationship for radiation induced 
chromosomal aberrations in human 
lymphocytes in vivo and in vitro. Strahlen 
Therapie, 162: 63 -67. 

6- Osh-Db, (1996). Occupational Safety and 
Health Data base- Chromosome 
aberrations and rogue cells in lymphocytes 
of Chernobyl cleanup workers. Mutat 
Res., 350(2): 315 - 329. 

7- Schevchekno, V.A.; Akayeva, E.A.; 
Yeliscyeva, I.N.; Yellisova, T.V.; Yofa, 
E.L.; Nilova, I.N.; Syomov, A.B. and 
Burkart, W. (1996). Human cytogenetic 
consequencies of the Chernobyl accidents. 
Mutat Res., 361: 29 – 34. 

8- Natarajan, A.T.; Vyas, R.C.; Wiegant, J. 
and Curado, M.P. (1991). A cytogenetic 
follow up study of the victims of radiation 
accident in Goiania (Brazil). Mutat Res., 
247: 103 -111. 

9- Sana, B. ; Soumaya , M. ; Afef , D.; Faten , 
T. ; Noutha , B.; Najib, M.; Hatem , E. and 
Ali, S.(2013). A Cytogenetic Approach to 
the Effects of Low Levels of Ionizing 

Radiation (IR) on the Exposed Tunisian 
Hospital Workers. International Journal of 
Occupational. Medicine and 
Environmental Health, 26(1):144 – 154. 

10- Abdulsahib, K.A.; Amel, J.M.; Shath, 
K.K.; Haider, Y.L. and Abullah, A.K. 
(2015). Assessment of DNA Damage in 
Peripheral Blood Lymphocytes  in 
Radiation Workers at Al-Twuathia Site by 
using the sister chromatid exchange and 
the comet assay. Twelve Arab Conference 
on the peaceful uses of Atomic Energy, 
Sharm Elsheikh. 

11- Kasuba, V.; Rozgaj, R. and Sentija, K. 
(1998).Chromosomal aberrations in 
medical staff occupationally exposed to X-
rays: A follow up study. Arh Hig Rada 
Toksikol, 49(1):1-8. 

12- Gadhia, P.K.;  Nehal, S.; Sweta, N.; Swati, 
P.; Krupa, P.; Meonis, P. and Dipesh, T. 
(2004) .Cytogenetic Analysis of 
Radiotherapeutic and Diagnostic Workers 
Occupationally Exposed to Radiations. Int. 
J. Hum. Genet., 4(1): 65-69. 

13- Bonassi, S.; Forni, A.; Bigatti, P.; 
Canavarollo, N.; Ferrani, M.D. and Lando, 
C. (1997). Chromosome aberrations in 
hospital workers: evidence from 
surveillance: Studies in Italy. Am. J. Ind. 
Med.,31: 353–360.  

14- Scarpato, R.; Antonelli, A.; Ballardin, M.; 
Cippollini, M.; Fallahi, P.and Tomei, A. 
(2006). Analysis of chromosome damage 
in circulating lymphocytes of radiological 
workers affected by thyroid nodules. 
Mutat. Res., 606:21–26.  

15- Fenech, M.; Pereptskaya, L. and 
Mikhalevich, L. (1997). A more com-
prehensive application of the micronucleus 
technique for biomonitoring of genetic 
damage rates in human populations-
experiences from the Chernobyl 
catastrophe. Environ. Mol. Mutagen, 
30:112–118.  

16- Vral, A.; Thierens, H. and De- Ridder, L. 
(1997). In vitro micronucleus centromere 
assay to detect radiation-damage induced 
by low doses in human lymphocytes. Int. 
J. R. Biol.,71:61–68.  

17- Thierens, A.; Vral, A.; Morthier, R.; 
Aouslah, B.and De Ridder, L. (2000). 
Cytogenetic monitoring of hospital 
workers occupationally exposed to 
ionizing radiation using the micronucleus 
centromere assay. Mutagenesis,15 :245–
249.  



  

Iraqi Journal of Biotechnology                                           80                                 
  
  
 

18- Cardis, E.; Vrijheid, M.; Blettner, M.; 
Gilbert, E.; Hakamar, M. and Hill, C. 
(2005). Risk of cancer after low doses of 
ionizing radiation: Retrospective cohort 
study in 15 countries. Br. Med. J.., 
331:77–80. 

19- Eastmond, D.A. and Turcker, J.D. (1989). 
Identification of aneuploidy inducing 
agents using cytokinesis-blocked human 
lymphocytes and anti-kinetochore 
antibody. Environ. Mol. Mutagen, 13:34–
43. 

20- Fenech, M. (2000). The in vitro 
micronucleus technique. Mutat. Res., 455: 
81–95. 

21- Garaj-Vrhovac, V. and Zeljezic, D. (2004). 
Comet assay in the assessment of the 
human genome damage induced by -
radiation in vitro. Radiol. Oncol. 38(1):43-
47. 

22- Kassie, F.; Parzefall, W. and Knasmuller, 
S. (2000). Single cell gel electrophoresis 
assay: A new technique for human 
biomonitoring studies. Mutat. Res. 
463:13-31. 

23- Anderson, D.; Yu, T.W. and McGregor, 
D.B. (1998). Comet assay responses as 
indicators of carcinogen exposure. 
Mutagenesis., 13:539-555.  

24- Šram, R.J.; Podrazilova, K. and Dejmek, J. 
(1998). Single cell gel electrophoresis 
assay: sensitivity of peripheral white blood 
cells in human population studies. 
Mutagenesis; 13:99-103.  

25- Olive, P.L. (1999). DNA damage and 
repair in individual cells: application of the 
comet assay in radiobiology. Int. J. 
Radiat. Biol.; 75:395-405. 

26- Piperakis, S.M.; Visvardis, E.E. and 
Tassiou, A.M. (1999). Comet assay for 
nuclear DNA damage. Methods Enzymol., 
300:184-194. 

27- Maluf , S.W. (2004). Monitoring DNA 
damage following radiation exposure using 
cytokinesis–block micronucleus method 
and alkaline single-cell gel electrophoresis. 
Clinica. Chimica. Acta., 347(1-2):15-24. 

28- Maluf, S.W.; Passosn, D.F.; Bacelar, A.;   
Speit, G. and Erdtmann, B. (2001).  
Assessment of DNA damage in 
lymphocytes of workers exposed to X- 
radiation using the micronucleus test and 
the comet assay. Environ. Mol. Mutagen., 
38: 311–315. 

29- International Atomic Energy Agency 
IAEA (2001). Cytogenetic analysis for 

radiation dose assessment. Technical 
Reports Series No.405, Vienna. 

30- Duncan, D.B. (1956). Multiple rang and 
multiple F-test. Biometrics, 11:1-42. 

31- Mitelman, F. (1994). Catalog of 
chromosome aberrations in cancer. 5th ed. 
New York: Wiley, 1994. 

32- Garaj-Vrhovac, V.; Fui, A.; Kubelka, D. 
and Hebrang, A. (1997). “Assessment of 
genome damage in occupational exposure 
to ionising radiation and ultrasound. 
Mutat. Res., 395:101–105. 

33- Countryman, P.I. and Heddle, J.A., (1976). 
The production of micronuclei from 
chromosome aberrations in irradiated 
cultures of human lymphocytes, Mutat. 
Res., 41: 321–331. 

34- Fenech, M. (1997). The advantages and 
disandvantages of the cytokinesis-block 
micronucleus method. Mutat Res.; 392:  
11-18. 

35- Koteles, G.J. (1996). The human 
lymphocyte micronucleus assay. A review 
on its applicabilities in occupational and 
environmental medicine, Centr. Europ. J. 
Occup. Environ. Med. 2: 12–30. 

36- Thierens, H.  and Vral, A. (2009). The 
micronucleus assay in radiation accidents: 
Ann. Ist. Super. Sanita., 45: 206-264. 

37- Georgakilas, A.G. (2008). Processing of 
DNA damage clusters in human 
cells:current status of knowledge, Mol. 
Bio.Syst., 4 : 30–35. 

38- Galloway, S.M.; Aardema, M.J.; Ishidate 
Jr, M.; Ivett, J.L.; Kirkland, D.J.; Morita, 
T.; Mosesso, P. and Sofuni, T. (1994). 
Report from working group in vitro tests 
for chromosomal aberrations. Mutat Res. 
(312):241-261. 

39- Miyaji, K. (2002). Cytogenetic 
biomonitoring of Brazilian dentists 
occupationally exposed to low doses of X-
radiation, Pesqui Odontol Bras, 16 
(3):196-201. 

40- Moller, P.; Knudsen, L.E.; Loft, S. and 
Wallin, H. (2000). The  comet assay as 
rapid test in biomonitoring occupational 
exposure to DNA-damaging agents and 
effect of confounding factors. Cancer 
Epidemiol. Biomarkers Prev., 9:1005–
1015. 

41- Collins, A.; Dusinska, M.; Franklin, M.; 
Somorovska,  M.; Petrovska, H.; Duthie, 
S.; Fillion, L.;  Panayiotidis, M;,  Raslova, 
K. and Vaughan, N. (1997). Comet assay 
in human biomonitoring studies – 



  

Iraqi Journal of Biotechnology                                           81                                 
  
  
 

reliability, validation and applications. 
Environ. Mol. Mutagen., 30: 139–146.
  

42-   Abdulsahib, K.A.; Amel, J.M.; Shath, K. 
K.; Haider, Y.L. and Abullah, A.K. (2015). 
Assessment of DNA Damage in Peripheral 
Blood Lymphocytes in Radiation Workers 
at Al-Twuathia Site by using the sister 
chromatid exchange and the comet assay. 
Twelve Arab Conference on the peaceful 
uses of Atomic Energy, Sharm Elsheikh, 
Egypt. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 


