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Objective: Radiation exposure during pregnancy poses serious risks to fetal 
health, including increased likelihood of miscarriage, preterm birth, congenital 
anomalies and developmental disorders, while also impacting maternal 
occupational safety. This study aimed to assess the concerns and needs of 
radiation practitioners regarding radiation exposure during the perinatal period, 
with a focus on radiation protection.

Methods: A questionnaire survey of 147 radiation practitioners from public and 
private hospitals was conducted to assess their knowledge, concerns and needs 
regarding radiation protection during the peri-pregnancy period. Statistical 
analysis was used to compare the importance and implementation of radiation 
protection in different groups, and chi-squared tests were used to compare 
differences in policy implementation (public vs. private hospitals), attitudes 
toward radiation avoidance (male vs. female practitioners) and concerns about 
fetal exposure across age groups.

Results: Public hospitals demonstrated higher rates of radiation protection 
policies (39.37%) than private hospitals (21.43%). Among female respondents, 
95.12% advocated for temporary removal from radiation-related positions 
when preparing for pregnancy. Of those who gave birth while working in 
radiation fields, 26.53% ceased radiation work pre-pregnancy, 30.61% avoided 
it post-pregnancy and 42.85% did not avoid it. Additionally, 86.58% of female 
respondents emphasized the need to avoid radiation work during breastfeeding. 
Among the male participants, 47.83% expressed concern about radiation effects 
on their fetuses compared with 90% of the female participants.

Conclusion: Radiation protection measures were more effectively 
implemented in public hospitals than in other institutions, underscoring the 
need for standardized policies across all institutions. Female practitioners 
exhibited heightened concerns about radiation exposure of the fetus and 
infant, particularly during pregnancy and lactation. Strengthening policies 
and workplace adjustments are critical to mitigating occupational risks and 
safeguarding maternal and child health.
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1 Introduction

Radiotherapy, interventional radiology, nuclear medicine and 
other technologies – such as computed tomography, fluoroscopy and 
X-ray diagnostics – have rapidly become indispensable components 
of modern radiological practice, offering transformative diagnostic 
and therapeutic solutions for patients (1). However, ionizing radiation 
is a double-edged sword. Although it provides key benefits in clinical 
applications, it poses serious occupational risks to healthcare workers 
and patients, particularly during sensitive biological phases such as 
pregnancy (2, 3). Radiation exposure during the peri-pregnancy 
period – defined here as 3 months prior to conception, the entire 
gestation period and up to 6 months postpartum (including 
lactation) – can adversely affect fetal health, increasing the likelihood 
of preterm labor, miscarriage, congenital anomalies and developmental 
disorders (1, 4). These risks necessitate stringent radiation protection 
measures tailored to this vulnerable population (5, 6).

In China, radiation safety and protection have always been 
important issues in occupational health. Numerous studies have 
emphasized the importance of radiation safety for healthcare 
workers, particularly during the peri-pregnancy period. Many 
papers have highlighted the specific risks faced by peri-pregnancy 
workers exposed to radiation (7, 8) and recommend workplace 
modifications to reduce radiation injuries. The National Standard of 
the People’s Republic of China (9) (GB 10252–2009) sets an annual 
effective dose limit of 5 mSv for radiation workers and 0.1 mSv for 
the public to ensure radiation exposure remains within safe limits. 
However, monitoring data from 2014 to 2018 in Jiangxi Province 
revealed that although most radiation workers’ exposure is well 
controlled (average dose: 0.316 mSv), a small percentage exceeded 
1 mSv annually, with 0.10% surpassing 5 mSv. This indicates 
heightened exposure risks, which is especially concerning when it 
affects peri-pregnant women and fetuses (10–12). Internationally, 
the ‘as low as reasonably achievable’ (ALARA) principle guides 
radiation safety; however, its implementation for peri-pregnant 
workers remains inadequate (13). Key gaps include the absence of 
pregnancy-specific dose constraints, inconsistent protocols for 
temporary job adjustments and limited guidance on fetal dose 
monitoring. For example, although ALARA emphasizes minimizing 
exposure, it does not address the unique physiological vulnerabilities 
of pregnant workers or provide actionable steps for institutions to 
reconfigure high-risk tasks. Although the International Commission 
on Radiological Protection (ICRP) provides general guidance, 
including the ALARA principle, implementation lacks specific 
criteria tailored to peri-pregnancy protections. Current standards 
fail to address the unique needs of peri-pregnant radiation 
practitioners, constituting a gap in clear, actionable guidelines for 
this vulnerable group (14). It is crucial to better understand and 
improve the radiation protection status of radiation workers 
during pregnancy.

This study investigates the radiation protection status of workers 
during the peri-pregnancy period, focusing on their awareness, 
workplace practices and unmet needs. By identifying systemic 
shortcomings and proposing evidence-based solutions, this research 
aims to bridge the gap between generic safety guidelines and the 
specific protections required for peri-pregnant practitioners, 
ultimately safeguarding maternal and fetal health while maintaining 
occupational efficiency.

2 Methods

2.1 Study population

The sample size was determined using Kendall’s sample estimation 
method (15), which is particularly suitable for exploratory studies 
with multiple variables, ensuring that the sample size (5–10 times the 
number of variables) adequately captures variability while maintaining 
feasibility. With 17 variables in the questionnaire, a sample size of 
85–170 was targeted. A total of 147 radiation practitioners were 
recruited via convenience sampling from public hospitals (n = 127), 
private hospitals (n = 14) and other institutions (n = 6) in China.

The 147 radiation practitioners included radiologists, 
radiographers, radiology nurses and other radiation-related medical 
staff from three types of institutions: public hospitals, private hospitals 
and radiation technology departments of other enterprises and 
institutions (e.g., radiotherapy, imaging, nuclear medicine and 
radiology departments). The survey was conducted over 6 months 
between 20 November 2021 and 20 May 2022.

The inclusion criteria were as follows: (1) full-time employment 
as a radiation practitioner (including radiologists, radiographers, 
radiology nurses and nuclear medicine staff); (2) active engagement 
in radiation-related duties during the study period (November 2021–
May 2022); (3) aged between 20 and 50 years, covering the primary 
reproductive age group; and (4) ability to communicate independently 
and provide informed consent.

The exclusion criteria were as follows: (1) part-time workers or 
temporary staff, to ensure consistency in occupational exposure 
assessment; (2) individuals on maternity leave, sick leave or extended 
absence during the study period; (3) practitioners who had 
permanently left radiation work due to pregnancy or health concerns 
prior to the study; (4) cognitive impairment, neurological disorders 
or severe physical/mental health conditions affecting questionnaire 
completion; and (5) refusal to provide informed consent or incomplete 
responses to >20% of the questionnaire items.

This study was approved by the Ethics Committee of Xuzhou 
Cancer Hospital (Approval No. 2021–02-016-K01). Written informed 
consent was obtained from all participants.

2.2 Questionnaire design

A narrative review of national and international regulations was 
conducted to inform the questionnaire design. Key documents 
included China’s Health Standards for Radiation Protection (GB 
10252–2009), ICRP guidelines and peer-reviewed studies on 
occupational radiation exposure. The preliminary questionnaire was 
pretested with 15 radiation practitioners (with intermediate 
professional titles) to assess clarity, relevance and feasibility. Based on 
their feedback, ambiguous terms (e.g., ‘accelerator scattering’) were 
rephrased, overlapping questions were consolidated and a Likert 
scale was added to quantify concern levels. Three radiation protection 
experts independently reviewed the questionnaire to ensure 
alignment with national standards (GB 10252–2009). The pretest 
participants confirmed that the questions were comprehensible and 
relevant to their work experiences. Although formal statistical 
reliability testing (e.g., Cronbach’s alpha) was not performed due to 
the exploratory nature of the study, internal consistency was assessed 
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qualitatively. Participants’ responses to related questions showed 
logical coherence, supporting the questionnaire’s reliability.

The final survey, titled Survey on Radiation Protection of 
Practitioners During the Peri-Pregnancy Period 
(Supplementary material 1), comprised 17 questions organized into 
four domains, as follows:

 (1) Demographics: institution type, age and gender.
 (2) Workplace practices: radiation sources, dosimeter readings and 

policy awareness.
 (3) Peri-pregnancy protections: preconception adjustments, 

lactation precautions and fetal health concerns.
 (4) Health outcomes: miscarriage, preterm labor and birth defects.

2.3 Statistical analysis

A total of 159 questionnaires were distributed, and 147 were 
returned. The survey results were processed using the statistical 
screening function of the Questionnaire Star platform, and the 
chi-squared test was performed using cross-tabulation in SPSS 26.0 to 
analyze differences between groups regarding their level of concern for 
radiation protection. The significance level for the test was set at α = 0.05.

3 Results

3.1 General information

A total of 147 radiation practitioners participated, predominantly 
from public hospitals (86.40%, n = 127), with 55.78% (n = 82) being 
women and 44.22% (n = 65) men (Table 1). The majority (70.06%, 
n = 103) were aged 31–40 years, reflecting the core workforce in 
radiation-related roles (Table  2). The distribution of participants’ 
locations was relatively widespread, as shown in Figure 1.

3.2 Presence of radiation protection 
policies in hospitals of different types

Public hospitals exhibited higher rates of peri-pregnancy 
radiation protection policies (39.37%) compared with private 
hospitals (21.43%) (Table 1). However, <40% of public hospitals had 
formalized regulations, indicating systemic gaps across 
all institutions.

3.3 Degree of understanding of radiation 
protection laws and regulations among 
radiation workers of different ages

The respondents in this survey were divided into four age groups: 
20.41% (n = 30) were aged 20–30 years, 70.06% (n = 103) were aged 
31–40 years, 6.81% (n = 10) were aged 41–50 years and 2.72% (n = 4) 
were aged >50 years. Regarding their understanding of radiation 
protection laws and regulations, 73.47% (n = 108) reported having a 
basic understanding, 15.65% (n = 23) indicated a very good 

understanding and 10.88% (n = 16) stated they did not know the 
relevant laws and regulations (Table 2).

3.4 Radiation sources in the working 
environment of radiation practitioners and 
the cumulative annual effective dose

Accelerator scattering (79.52%) and imaging equipment (65.06%) 
were the primary radiation sources. Only 7.23% reported annual 
doses >1 mSv, and 25.3% were unsure of their exposure levels 
(Table 3).

TABLE 1 Demographic distribution of participants by institution type and 
gender (n = 147).

Item Respondents 
(Count)

Respondents 
(Percentage)

Affiliation

  From public 

hospitals
127 86.40%

  From private 

hospitals
14 9.52%

  From other 

enterprises and 

institutions

6 4.08%

Gender distribution

  Male 65 44.22%

  Female 82 55.78%

Peri-pregnancy radiation protection policies

  Public hospitals 50/127 39.37%

  Private hospitals 3/14 21.43%

  Other 

enterprises and 

institutions

0/6 0.00%

TABLE 2 Age distribution and understanding of radiation protection laws 
among radiation workers.

Item Respondents 
(Count)

Respondents 
(Percentage)

Age

  20–30 years 30 20.41%

  31–40 years 103 70.06%

  41–50 years 10 6.81%

   > 50 years 4 2.72%

Level of knowledge on radiation protection laws

  Basic 

understanding

108 73.47%

  Good 

understanding

23 15.65%

  No knowledge 16 10.88%
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3.5 Gender and age differences in radiation 
avoidance attitudes

Female practitioners were significantly more likely to advocate for 
temporary removal from radiation work when preparing for 
pregnancy (95.12% vs. 78.46% of men). Among those who gave birth 
while working in radiation fields, only 26.53% (n = 39) left their 
positions pre-pregnancy, whereas 42.85% (n = 63) did not avoid 

radiation exposure at all. Concerns about radiation exposure during 
lactation were higher among women (86.58% vs. 63.08% of men) 
(Table 4). Among the male participants, 47.83% expressed concern 
about radiation effects on their fetuses compared with 90% of the 
female participants, indicating that female employees were 
significantly more concerned than their male counterparts.

Additionally, concerns about the fetal effects of radiation varied 
significantly across age groups. Younger practitioners (20–30 years) 
universally expressed concerns about fetal radiation effects (100%) 
compared with 65.63% of those aged 31–40 and 50% of those aged 
≥41 years (p = 0.003) (Table 5).

3.6 Responses to open-ended questions

The last open-ended question (‘What suggestions do you have for 
radiation management during peri-pregnancy among radiation 
practitioners?’) resulted in 20 suggestions, which were categorized 
into five themes:

 (1) Policy reforms
 •  Mandate temporary transfers for peri-pregnancy workers 

(n = 6).
 •  Establish legal protections against wage deductions during 

pregnancy (n = 3).

 (2) Workplace adjustments
 • Implement remote operation technologies (n = 4).
 • Prohibit pregnant workers from high-exposure tasks (n = 2).

FIGURE 1

The distribution of participants’ locations.

TABLE 3 Knowledge of radiation protection and work environment 
information.

Question Option Percentage

Radiation sources in 

work environment 

(Multiple Choice)

Accelerator scattering 79.52%

Imaging equipment 

scattering

65.06%

Patient radiation from 

implants

21.69%

Leakage from lead 

doors

56.63%

Others 16.87%

Annual dose on personal 

dosimeter > 1 mSv

Yes 7.23%

No 67.47%

Do not know 25.3%

Need to avoid radiation 

before pregnancy

Necessary 87.95%

Not necessary 12.05%
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 (3) Health monitoring
 •  Conduct longitudinal studies on fetal health outcomes 

(n = 3).
 •  Provide regular health assessments for pregnant workers 

(n = 2).

 (4) Training initiatives
 • Enhance dosimeter usage training (n = 3).
 • Offer public education on radiation risks (n = 2).

 (5) Financial support
 • Provide paid radiation leave (n = 4).
 • Provide subsidies for non-transferable roles (n = 2).

4 Discussion

4.1 Policy implementation gaps across 
institutions

Recent studies have continued to highlight the complexities of 
radiation protection, particularly during sensitive periods such as 
pregnancy (16–19). Female practitioners exhibited significantly higher 
concern about fetal radiation effects (90% vs. 47.83% of men, 
p < 0.001), likely influenced by direct maternal responsibility (18). 
Younger workers (aged 20–30 years) universally expressed concerns 
(100%), possibly due to heightened awareness of prenatal care, 
whereas older cohorts (≥41 years) showed reduced vigilance (50%). 
These trends highlight the need for age-tailored education programs 
(19, 20).

Several notable issues were identified in this study. The survey 
results indicate that 98.8% of the respondents believed clear 
industry standards were essential for protecting radiation workers 
during the peri-pregnancy period. However, as society evolves, 
existing industry standards reveal certain shortcomings, and 
relevant departments are actively working to improve and 
coordinate these regulations. For example, the survey showed that 
only 38.55% of the units had policies in place to protect radiation 
workers during the peri-pregnancy period. Employees from units 
without such regulations expressed a desire for the implementation 
of protective measures to better safeguard the personal and 
reproductive health of radiation workers, particularly during the 
peri-pregnancy period.

4.2 Compliance with dose limits and future 
directions

Despite the national standards of the People’s Republic of China 
and the principle of optimal protection (≤0.1 mSv for the public), 
7.23% of practitioners exceeded 1 mSv annually, echoing findings 
obtained by Kong et al. (21). This aligns with findings obtained by 
Almén and Mattsson (7), who identified inconsistent policy adoption 
as a global challenge. The lack of standardized protocols exacerbates 
exposure risks, particularly for peri-pregnant workers. Unskilled 
dosimeter usage, as noted in studies (22–25), further complicates 
exposure monitoring. Future research should prioritize multicentre 
studies to validate these trends and explore psychosocial impacts 
through validated stress scales. Therefore, based on industry statistical 
data, to comply with protective regulations, reduce exposure risks and 
alleviate psychological stress, it is recommended that radiation 
practitioners leave radiation work positions during the peri-
pregnancy period.

4.3 Bridging the awareness–behavior 
divide

This study reveals a critical gap between awareness of radiation 
risks and actionable protective behaviors. Although our questionnaire 
did not directly measure psychological outcomes using validated scales, 
several findings indirectly reflect the psychological burden faced by 
peri-pregnant radiation workers. First, the gender disparity in concerns 

TABLE 4 Investigation results of whether the pregnancy is free from 
radiation environment.

Options Respondents 
(Count)

Respondents 
(Percentage)

Get out of radiation 

work before 

pregnancy

39 26.53%

Get out of radiation 

work after pregnancy
45 30. 61%

Not leaving the 

radiation position
63 42. 85%

Attitude toward 

leaving workplace to 

prepare for 

pregnancy (Male)

51 78.46%

Attitude toward 

leaving workplace to 

prepare for 

pregnancy (Female)

78 95.12%

Attitude toward 

breastfeeding 

women leaving 

radiation work 

(Male)

41 63.08%

Attitude toward 

breastfeeding 

women leaving 

radiation work 

(Female)

71 86.58%

TABLE 5 Investigation results of whether the fetus is worried about being 
affected by radiation.

Practitioners Respondents 
(Percentage)

p value

Male 47.83%
0.001

Female 90.00%

aged ≥41 years 50.00%

0.003aged 31–40 years 65.63%

aged 20–30 years 100.00%
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about fetal radiation effects (90% of women vs. 47.83% of men) 
suggests that maternal responsibility amplifies anxiety, aligning with 
studies linking direct caregiving roles to heightened occupational stress 
(18, 26). This discrepancy suggests that structural barriers, such as fear 
of career stagnation or lack of alternative roles, may override personal 
safety concerns, amplifying psychological stress. Second, the universal 
concern among younger practitioners may stem from heightened 
prenatal care awareness coupled with fears of career repercussions, a 
phenomenon noted in oncology nursing literature (26). Third, open-
ended responses revealed demands for policy reforms and workplace 
adjustments, which implicitly signal distress over balancing 
occupational duties and perinatal safety. These findings align with 
oncology nursing studies, where role inflexibility and financial 
pressures exacerbated anxiety among pregnant workers (27). Beyond 
physical protection, psychological counseling and health monitoring 
have gained increased attention. Implementing positive psychological 
support mechanisms and conducting regular health examinations can 
alleviate the anxiety and stress experienced by pregnant workers, 
thereby enhancing overall occupational health and safety (20).

Public hospitals demonstrated marginally better radiation 
protection policies (39.37%) than private hospitals (21.43%); however, 
<40% of institutions had formalized guidelines. This gap is attributed 
to the following factors: systemic barriers, such as job security 
concerns, where fear of demotion or reduced career opportunities 
deters temporary leave; role inflexibility, characterized by a lack of 
non-radiation roles that forces practitioners to continue with high-
exposure tasks; and financial pressures, including the absence of paid 
leave or subsidies that compels continued work despite potential 
health risks. These challenges are reminiscent of those reported in 
oncology nursing studies, highlighting the urgent need for institutional 
support mechanisms to address these issues.

Liu et  al. (26) noted that the protection principle of 
occupational radiation for pregnant women states that, as a 
member of the public, the fetus should receive roughly the same 
protection as the public, which is consistent with the viewpoint of 
this article. Wang and Zhu (27) found that approximately 23.33% 
of nurses in radiotherapy departments experienced symptoms of 
possible abortion, 6.67% had stillbirths and 3.33% had congenital 
heart disease, highlighting the prevalence and severity of the issue. 
Additionally, Huang Li conducted a survey on occupational 
protection for nurses in oncology radiotherapy and chemotherapy 
departments during pregnancy, and Wang Ping (28) surveyed the 
current status of occupational protection for pregnant nurses in 
operating rooms. Both studies proposed various management 
strategies to enhance protection for pregnant nurses in these high-
risk environments.

Based on the survey results and the current research, this study 
explores multiple perspectives and proposes the following targeted 
strategies to better safeguard the health and rights of peri-pregnancy 
radiation practitioners.

 1 Improve industry standards and policies: The government and 
industry associations should accelerate coordination to ensure 
the formulation and implementation of specific and operational 
industry standards for the protection of perinatal practitioners.

 2 Strengthen internal rules and regulations of the unit: All 
medical units (especially private hospitals) should 

be encouraged to formulate clear peri-pregnancy radiation 
protection policies and provide corresponding training and 
resources to help practitioners reduce radiation exposure 
during pregnancy planning. Appropriate radiation 
protection practice training must be  conducted for the 
staff, especially during the perinatal, pregnancy and 
breastfeeding periods.

 3 Improve the working environment and processes: The radiation 
exposure of workers should be reduced through technology 
and operational processes, such as using remote operation and 
automated equipment.

 4 Psychological support and health assessment: Psychological 
counseling and support services should be provided to help 
alleviate the psychological stress of peri-pregnancy workers, 
health monitoring measures should be strengthened, regular 
physical examinations and health assessments conducted and 
health problems identified and addressed promptly.

 5 Expand and deepen research: Larger-scale surveys and studies 
should be conducted, particularly focusing on private hospitals, 
distinguishing the risk differences between departments to 
address existing data deficiencies and encouraging multicentre 
research to share and integrate the experiences and results of 
various regions and units to develop unified, widely applicable 
policy recommendations.

 6 Enhance public and practitioner awareness: Educational 
initiatives should be promoted to improve the knowledge and 
awareness of radiation protection among practitioners, 
enabling their active participation in occupational health 
management. Scientific research should be  encouraged to 
validate the effectiveness of current protection measures and 
foster the improvement and widespread adoption of innovative 
protection technologies.

Through implementing these targeted strategies, occupational 
safety and health protection for peri-pregnancy radiation workers 
can be effectively improved and work-related stress can be reduced. 
By improving the working conditions of peri-pregnancy staff, 
reducing radiation exposure and enhancing radiation protection 
measures, fetal health can be safeguarded and the risks of premature 
delivery, miscarriage and developmental disorders can 
be minimized.

This study has some limitations. First, private hospitals 
accounted for a relatively small proportion of the questionnaires 
received in this survey. Therefore, the conclusion that public 
hospitals have substantially higher proportions of relevant policies 
than private hospitals requires further validation with an expanded 
sample size. Second, the questionnaire did not include a selection 
for departments, making it impossible to distinguish differences in 
annual personal cumulative radiation doses across various 
departments and positions. Designing a supplementary 
questionnaire could address these limitations and enhance the 
accuracy and comprehensiveness of the survey findings. We also 
acknowledge that the absence of direct psychometric measurements 
limits our ability to link radiation risks to psychological outcomes 
conclusively. Future studies should integrate validated tools to 
assess stress, anxiety and coping mechanisms, particularly in 
cohorts with uncertain radiation exposure.
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5 Conclusion

This study highlights critical gaps in radiation protection for peri-
pregnant workers, with public hospitals marginally outperforming 
private institutions. Key findings include gender-driven risk 
perceptions, systemic barriers to protective actions and inconsistent 
policy implementation. By prioritizing relevant measures, institutions 
can mitigate occupational hazards, align with global safety standards 
and safeguard maternal and fetal health.
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