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ABSTRACT  

Objective: To investigate the health effects of radiation exposure among medical radiation 
diagnostics practitioners. Methods: A total of 1125 medical radiation diagnostics workers who 
underwent occupational health examinations between 2023 and 2024 were selected as the study 
subjects. They were categorized into groups based on gender, age, and length of service. 
Differences in white blood cell count, platelet count, and chromosomal aberration rates among the 
groups were analyzed. Logistic regression was used to identify factors influencing the rate of 
chromosomal aberrations. Results: Among the 1125 workers, 684 (60.8%) were male and 441 
(39.2%) were female. The non-aberration group comprised 1060 individuals (94.2%), with a mean 
radiation exposure duration of 6.85 ± 8.137 years and a mean age of (33.17 ± 10.420) years. The 
chromosomal aberration group included 65 individuals (5.8%). Radiation exposure time and age 
were identified as influencing factors for chromosomal aberrations in radiation workers (P < 0.05). 
For each additional year of radiation exposure, the risk of chromosomal aberrations increased by 
3.9% (OR = 1.039, 95% C.I. 1.013-1.067). Conclusion: Long-term, low-dose ionizing radiation 
exposure leads to an increased incidence of chromosomal aberrations. Enhanced monitoring and 
improved radiation protection for medical radiation practitioners are recommended. 
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1. INTRODUCTION 

Medical radiation diagnostics practitioners may sustain damage to tissues and organs such as the 
hematopoietic system, thyroid, and ocular lens due to prolonged exposure to low-dose ionizing 

radiation [1-3]. Consequently, regular occupational medical examinations (OME) are essential for 
safeguarding the health of radiation workers. The types of radiation exposure vary among radiology 
department personnel. In X-ray, CT, and digital subtraction angiography (DSA) procedures, 

healthcare workers are exposed to X-rays; in nuclear medicine, gamma rays are encountered during 
the preparation of radiopharmaceuticals; while beta particles are involved during isotope production 

and nuclear waste handling [4, 5]. This study selected 1,125 radiation workers from a tertiary hospital 
in Guangdong Province, China, between January 2023 and December 2024 to investigate the impact  
of long-term low-dose ionizing radiation exposure on chromosomal aberrations in peripheral blood 

immune cells among medical radiation diagnostics practitioners, thereby providing evidence for 

enhancing occupational health surveillance. 
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2. METHODS 

2.1. Study Subjects 

The study enrolled 1,125 medical radiation diagnostics workers who underwent occupational health 

examinations at a tertiary hospital in Guangdong Province, China, between January 1, 2023, and 
December 31, 2024. Data collected included age, gender, job category, duration of radiation exposure, 

and white blood cell count. 

2.2. Methods 

2.2.1. Chromosomal aberration analysis of peripheral blood lymphocytes 

A 0.5 mL venous blood sample was collected from each medical radiation diagnostics worker and 
added to 5 mL of RPMI-1640 culture medium. The cultures were treated with colchicine at a 

concentration of 0.04 μg/mL and incubated in a constant temperature incubator at (37.0 ± 0.5) °C for 
52 hours. After hypotonic treatment and fixation, specimens were prepared. The GSL120 automatic 
chromosome scanning system (Leica, Germany) was used for image acquisition. For each sample, 

100 to 150 metaphase spreads were selected, and aberration types were counted and recorded using 
the CytoVision software system. Results were evaluated in accordance with the Chinese national 

standard GBZ248-2014 Criteria for Chromosomal Aberration Analysis in Peripheral Blood 
Lymphocytes of Radiation Workers for Occupational Health Examination [6], with verification by 
two independent technicians. The criteria for a positive chromosomal aberration were defined as a 

dicentric chromosome (dic) plus centric ring (r) aberration rate exceeding 1%, or an acentric fragment 

(ace) aberration rate exceeding 3%. 

2.2.2. Routine blood tests  

A 2 mL fasting venous blood sample was collected from each participant. Quantitative analysis of 
blood cell components was performed using the Mindray BC-6800 hematology analyzer. The 

established reference ranges were as follows: white blood cell count (4.0–9.5) ×10⁹/L, platelet count 

(100–350) ×10⁹/L, and absolute lymphocyte count (1.1–3.2) ×10⁹/L. 

2.3. Statistical Analysis  

Data were analyzed using SPSS Statistics version 23.0. Continuous variables, including age, white 
blood cell count, platelet count, and duration of radiation exposure, are presented as mean ± standard 

deviation (x̄ ± s). Categorical variables such as gender were summarized using frequencies and 
percentages. Differences in the prevalence of abnormal examination indicators across groups were 

compared using the chi-square test. Factors influencing occupational health examination outcomes in 
radiation workers were assessed via multivariate logistic regression analysis. A p-value of less than 

0.05 was considered statistically significant. 

3. RESULTS 

3.1. Baseline Characteristics of the Two Groups 

This study included 1,125 radiation workers, comprising 684 males (60.8%) and 441 females (39.2%). 
The non-aberration group consisted of 1,060 individuals (94.2%), with a mean radiation exposure 
duration of 6.85 ± 8.137 years and a mean age of 33.17 ± 10.420 years. The chromosomal aberration 

group included 65 individuals (5.8%), with a mean age of 37.97 ± 13.627 years and a mean radiation 
exposure duration of 10.43 ± 10.322 years. The overall mean exposure duration across all participants 

was 9.47 ± 7.16 years. 
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Table 1. Comparison of baseline characteristics between the two groups 

Variables Non-aberration group 
(n=1060) 

Aberration group (n=65) t/χ2 P  

Age 33.17±10.420 37.97±13.627 -2.787 0.007 

Gender   2.877 0.090 

Male 638 46 

Female 422 19 

Radiation exposure 

duration (years) 

6.85±8.137 10.43±10.322 -2.747 0.008 

White blood cell 
count  

(5.95±1.467)×109/L (5.99±1.611)×109/L -.174 0.862 

Platelet count  (261.47±54.417)×109/L (256.68±51.192)×109/L 0.691 0.691 

Absolute 
lymphocyte count 

(1.94±0.501)×109/L (1.96±0.553)×109/L -0.328 0.743 

3.2. Preparation and Aberration Analysis of Peripheral Blood Lymphocyte 
Chromosome Specimens 

Following the preparation and aberration analysis of peripheral blood lymphocyte chromosome 
specimens, representative chromosomal aberration types are illustrated in Figure 1, including normal 

chromosomes without aberrations, dicentric chromosomes, tricentric chromosomes, and ring 

chromosomes. 

A dicentric chromosome is formed when two chromosomes each undergo a single break, and the 

resulting segments containing the centromeres join at the break sites, creating a new chromosome 
with two centromeres. A centric ring chromosome typically results from two breaks in a single 

chromosome, after which the segment containing the centromere rejoins at both ends to form a ring 

structure. Acentric fragments, lacking a centromere, are usually lost during cell division [7]. 

 

Figure 1. Chromosomal aberrations in lymphocytes 

(A: normal chromosome; B: dicentric chromosome; C: tricentric chromosome; D: ring 

chromosome) 
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3.3. Univariate Analysis of Factors Influencing Lymphocyte Chromosomal 
Aberrations in Radiation Workers 

Using chromosomal aberration as the dependent variable and gender, duration of radiation exposure, 

white blood cell count, platelet count, and absolute lymphocyte count as independent variables, 
logistic regression analysis was performed. The results indicated that duration of radiation exposure 

and age were significant influencing factors for chromosomal aberrations in radiation workers (P < 
0.05), while gender, white blood cell count, platelet count, and absolute lymphocyte count showed 

no statistically significant effects on the rate of chromosomal aberrations, as detailed in Table 2. 

Table 2. Univariate logistic regression analysis 

Variables β OR 95%C.I. P-value 

Age 0.035 1.036 1.015-1.056 0.001 

Gender -0.471  0.361-1.081 0.092 

Male  1   

Female  0.624   

Radiation exposure duration (years) 0.042 1.043 1.017-1.070 0.001 

White blood cell count 0.015 1.015 0.858-1.201 0.862 

Platelet count -0.002 0.998 0.994-1.003 0.489 

Absolute lymphocyte count 0.082 1.086 0.665-1.773 0.743 

3.4. Multivariate Analysis of Factors Influencing Lymphocyte Chromosomal 

Aberrations in Radiation Workers 

To further investigate the relationship between chromosomal aberrations and duration of radiation 

exposure, a multivariate logistic regression analysis was performed adjusting for potential 
confounding factors including gender, white blood cell count, platelet count, and absolute lymphocyte 
count. The analysis revealed that each additional year of radiation exposure among medical radiation 

diagnostics practitioners was associated with a 3.9% increase in the risk of chromosomal aberrations 

(OR = 1.039, 95% CI: 1.013-1.067). 

Table 3. Multivariate logistic regression analysis 

Variables β OR 95%C.I. P-value 

Radiation exposure duration (years) 0.039 1.039 1.013-1.067 0.003 

4. DISCUSSION 

Due to the demands of their work environment, medical radiation diagnostics practitioners are 

inevitably exposed to radiation. Long-term, low-dose ionizing radiation exposure can induce transient 
symptoms such as fatigue, nausea, dizziness, headache, weakness, memory decline, and leukopenia 
[8]. Hematopoietic cells are highly sensitive to ionizing radiation, and alterations in white blood cell 

count serve as an early indicator of radiation-induced damage. The effects and symptoms of ionizing 
radiation on the human body are primarily associated with radiation dose and duration of exposure, 

with common manifestations including short-term acute injuries (e.g., skin erythema, vomiting) and 
long-term health risks (e.g., cancer) [9]. Prolonged radiation exposure may also induce lens opacity 
and thyroid dysfunction, leading to conditions such as lens opacification and hypothyroidism [10]. 

As a sensitive biological indicator of ionizing radiation, chromosomal aberrations in peripheral blood 
lymphocytes have been incorporated into the Chinese national standard GBZ98-2020 "Health 

Requirements and Surveillance Standards for Radiation Workers" as a mandatory test for pre-
employment and post-employment examinations. This method is widely applied in biological 

dosimetry for low-dose ionizing radiation [6]. 



 

64 

Chromosomal aberrations primarily manifest as DNA double-strand breaks. Ionizing radiation carries 
substantial energy capable of ionizing atoms and molecules, such as water molecules. DNA double-
strand breaks can result either directly from the disruption of chemical bonds by radiative energy or 

indirectly through the radiolysis of water molecules. Upon radiolysis, water molecules form free 
radicals due to electron deficiency, generating species such as ·OH and ·H. These radicals can attack 

DNA bases and sugar moieties, leading to double-strand breaks. Following breakage, DNA initiates 
spontaneous repair primarily through either non-homologous end joining (NHEJ) or homologous 
recombination (HR). The NHEJ repair mechanism often results in base pair deletions or insertions, 

thereby contributing to chromosomal aberrations. 

The hematopoietic system is one of the primary target organs of ionizing radiation damage. Prolonged 

exposure to low-dose radiation environments can readily impair hematopoietic function, manifesting 
as reductions in various blood cell counts in peripheral blood tests [11]. Firstly, long-term low-dose 
radiation exposure leads to cumulative DNA damage, increasing the probability of chromosomal 

aberration formation (dicentric chromosomes, centric rings, and fragments). Secondly, the DNA 
repair capacity (including homologous recombination and non-homologous end joining) of 

hematopoietic stem cells and lymphocytes declines in middle-aged and older adults, making them 
more susceptible to accumulation of radiation-induced damage. A study by the Hunan Provincial 
Institute of Occupational Disease Prevention and Control demonstrated that the chromosomal 

aberration rate in interventional radiology workers with over 30 years of radiation exposure (18.18%) 

was significantly higher than in those with ≤10 years of exposure (1.23%) [12]. 

Chromosomal aberrations in lymphocytes represent the “gold standard” for assessing radiation 
damage. This study employed logistic regression analysis to explore influencing factors of 
chromosomal aberrations, revealing that the duration of radiation exposure is a risk factor for 

increased aberration rates among medical radiation diagnostics practitioners. Multivariate logistic 
regression analysis demonstrated that each additional year of occupational exposure was associated 
with a 3.9% elevation in the risk of chromosomal aberrations (OR = 1.039, 95% CI: 1.013-1.067). 

This finding aligns with research by Fu Q et al. [13], though our study specifically focuses on medical 

radiation diagnostics practitioners as the study population. 

In summary, long-term low-dose radiation exposure elevates the rate of chromosomal aberrations 
among medical radiation diagnostics practitioners, with increased duration of exposure identified as 
a significant risk factor. These findings underscore the need for administrative authorities to 

strengthen occupational health monitoring systems, enhance radiation protection measures, promote 
the customization and intelligent upgrading of protective equipment, and advance the adoption of 

remote automated operation technologies. Workers with prolonged radiation exposure represent a 
key priority group for occupational health surveillance. It is imperative to optimize protective 
strategies for senior staff—such as shortening monitoring intervals and reinforcing antioxidant 

interventions—to mitigate long-term occupational risks. 
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