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Abstract 

 
In recent years, medical radiation exposure has risen significantly, affecting both patients and 
healthcare professionals. This study investigates occupational exposure to ionizing radiation among 
personnel engaged in conventional diagnostic radiography at the Federal Medical Center. A 
comparative assessment was carried out between directly measured absorbed doses and theoretical dose 
estimates to evaluate the reliability of predictive models in clinical radiological practice. Twenty 
healthcare staff members representing six professional roles Radiographers, Radiologists, Darkroom 
Technicians, Records Staff, Cleaners, and Finance Personnel were monitored using thermoluminescent 
dosimeters (TLDs) containing Lithium Fluoride (LiF). The dosimeters were worn for 30 days and 
analyzed using a Harshaw TLD reader at Ahmadu Bello University. The measured doses ranged from 
430 µGy to 860 µGy, with Radiographers exhibiting the highest estimated annual effective dose of 7.44 
mSv/yr, well within the International Commission on Radiological Protection (ICRP) recommended 
occupational limit of 20 mSv/year. Theoretical dose calculations based on the inverse square law showed 
a strong correlation (r = 0.90) with TLD measurements, reinforcing the model’s applicability in dose 
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estimation. Notably, Cleaners, who had no direct radiographic duties, recorded unexpectedly elevated 
skin dose levels (0.275 mGy calculated vs. 0.265 mGy measured). Radiation exposure at work depends 
on spatial and procedural factors, making regular dose checks and predictive models important, periodic 
audits help improve safety standards in diagnostic practices.  
 
Keywords: Radiation dose, conventional X-ray, Thermoluminiscent Dosimeter (TLD). 
 
 
INTRODUCTION 
The application of ionizing radiation remains a cornerstone in contemporary medical 
diagnostics and therapeutic interventions. Its integration into clinical practice, particularly 
through modalities such as computed tomography (CT), fluoroscopy, and digital 
radiography, has substantially improved diagnostic accuracy and treatment outcomes. 
However, despite these advances, cumulative and improper exposure to ionizing radiation 
poses significant risks, including tissue damage and increased probability of stochastic effects 
such as malignancies (World Health Organization [WHO], 2022). 

Over recent decades, global trends indicate a marked increase in medical radiation exposure, 
both in patients and healthcare professionals. According to the National Council on Radiation 
Protection and Measurements (NCRP), the contribution of medical imaging to collective 
radiation doses surged significantly from 15% in 1982 to over 48% by 2006 (NCRP, 2009). More 
recent analyses reaffirm this trajectory, driven by the expanded use of high-dose imaging 
modalities (Zhou et al., 2021; UNSCEAR, 2020). These trends underscore the need for rigorous 
adherence to dose optimization principles, especially in occupational settings where chronic 
exposure is prevalent. 

Healthcare workers operating in radiology, nuclear medicine, and radiotherapy departments 
are consistently among the most occupationally exposed groups to anthropogenic radiation 
(IAEA, 2022). The International Atomic Energy Agency (IAEA) and the International 
Commission on Radiological Protection (ICRP) have emphasized dose limitation, justification 
of procedures, and optimization as central tenets of radiation protection commonly 
implemented through the Time-Distance-Shielding (TDS) approach (IAEA, 2018; Kinsara & 
Nassef, 2017). These measures aim to minimize unnecessary exposure while maintaining 
diagnostic quality and clinical efficacy. 

In support of individual monitoring and regulatory compliance, personal dosimetry 
particularly the use of thermoluminescent dosimeters (TLDs) has been widely adopted to 
quantify absorbed doses among medical staff (Sule et al., 2023). These dosimeters provide 
empirical evidence of exposure trends and are critical for evaluating occupational risk across 
diverse job functions, including radiographers, radiologists, technicians, and ancillary 
personnel. 

In the Nigerian context, growing attention has been directed toward occupational radiation 
safety. Mohammed et al. (2024) recently examined dose distributions among hospital staff 
involved in diagnostic imaging at the Federal Medical Centre, Jalingo. Their findings 
highlighted variations in dose exposure across job categories, with radiographers recording 
the highest values, and underscored gaps in shielding implementation and training 
particularly among non-clinical staff such as cleaners and administrative personnel. 

Building upon these prior investigations, the present study offers a dual approach: comparing 
measured absorbed doses obtained via TLDs with theoretically estimated values based on the 
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inverse square law. By involving six occupational categories radiographers, radiologists, 
darkroom technicians, cleaners, records staff, and finance staff the research aims to evaluate 
the predictive accuracy of dose modeling in practical healthcare scenarios. The study's 
outcomes are expected to enhance radiation protection protocols, support personnel 
monitoring strategies, and inform national policy efforts on occupational health and radiation 
safety compliance in clinical environments. 
 
MATERIALS AND METHODS  
 
Sample size 
A total of twenty (20) health workers used in this paper are grouped according to their 
responsibilities and area of specializations. Such as: Radiologists (1), Radiographers (5), Dark 
room technicians (6), Cleaners (2), Record staff (3) and Finance staff (3) in the department

Measurement of Personnel Dose using TLD  
Twenty (20) coded thermo-luminescent dosimeters (TLD) badges were used in this study. The 
coded TLD are worn by each of the participant to provide measurements of whole body 
absorbed dose. The TLD badges were worn at the upper side of chest outside the cloths to 
receive, accumulate and store radiation dose during working hours. The choice of the upper 
side of the chest of the body is because high radiation exposure is expected in this part of the 
body. 
 
The dosimeters are worn by the personnel for a period of 30 working days, after which they 
were interpreted using TLD reader (Harsaw5400A) AT Center for Energy Research and 
training Ahmadu Bello University (ABU) Zaria, then taken back to Center for Energy Research 
and Training ABU, Zaria Also, effective dose calculated were then compared with the 
standard limits set by international commission on radiation protection (ICRP). 
 
Finally, the correlation coefficient (r) between measured absorbed dose (X) and calculated 
dose (Y) was determined by using the equation of correlation coefficient given as   

𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 (𝑟) =
𝑁 ∑ 𝑋𝑌− ∑ 𝑋 ∑ 𝑌

√[𝑁 ∑ 𝑋2−(∑ 𝑋)2][𝑁 ∑ 𝑌2−(∑ 𝑌)2]
                                                                   (11) 

The result obtained was found to be approximately 0.9 indicating strong linear relationship 
between the two variables. 
 
Calculation of Absorbed Doses Measured Directly by TLD 
Dose equivalent (H) is the product of absorbed dose and radiation weighing factor, is given 
by: 

𝐻 = 𝐷𝑊𝑟                               

   

𝐷 =
𝐻

𝑊𝑟
=

𝐻

1
= 𝐻                                                                                                               (1) 

                                                                                                                                                                                               
Where, D is the absorbed dose in Gray (Gy) and Wr is the radiation weighting factor for ever
y type of radiation. But radiation weighing factor (Wr) for X-ray is equal to 1 (ICRP, 1990). 
   Effective dose is a radiation quantity which account for biological effect of radiation to 
body tissue or organ. It has also been expressed in equation (13), thus given as follows:  

( ) == tWHE                                                                                                                       (2)                                                                                                                                                           

Where Wt is the weighing factor of body tissue or organ. It is defined as the sensitivity of 
different body tissue/organ to radiation. However, when body is uniformly irradiated by 
external exposure, the weighting factor is summed up to one (ICRP, 2007).  
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Constant k from Absorbed Dose Expression for the ith health worker 
We have: 

𝑘 =
𝐷𝑚𝑑2

𝐴𝑡
                                                                                                                                                    (3)                                                                                                                                                                                                           

Hence the mean value of k is calculated as follows: 
The mean value of the absorption for all the health worker is given by 

                
∑ 𝑘𝑖

𝑛
𝑖=1

𝑛
=

74.305𝑥10−6

20
= 3.7155𝑥10−6 𝑗 𝑚𝑠⁄   

 
Calculations of Absorbed Dose by using the Inverse Square Law Equation 
The equation used to calculate radiation dose received by each worker is given by, 

Radiation Dose    

          𝐷 =  𝑘
𝐴𝑡

𝑚𝑑2 ,                                                                                                                                  (4)     

 k = Constant = 3.7 ×10-6 J/ms    

 Mohammed et al. (2024) 

The Inverse Square Law (equation) is a new analytical technique that may be used to calculate 
radiation skin dose received by absorbing medium. 
From radiation protection point of view, it has been discussed that intensity (I) of radiation 
received by a target is inversely proportional to square distance (d) from the source. Hence, 

  𝐼 ∝
1

𝑑2                                                                                                                       (5)                                                                                                                                                                                                           

Therefore,   𝐼 =  
𝑘

𝑑2 

where k is a constant of proportionality to be determined. 
 
By convention, Intensity is defined as the power per unit area given by: 

   𝐼 =  
𝑃

𝐴
=  

𝐸

𝑡

𝐴
=  

𝐸

𝐴𝑡
                                                                                                                          (6)      

(Bushberg et al.,2002)                                                                                                                                                                                                        
where E is the energy radiated to the body in joules (J), A is body surface area in meter square 
(m2) and t is the exposure time in seconds (s). 
Now, from equation (5) and equation (6), the right hand sides are equal so that; 

  
𝐸

𝐴𝑡
=  

𝑘

𝑑2                                                                                                                                        (7)                                                                                                                                                                 

From definition of dose, D delivered to a body of mass, m we have  

𝑑𝑜𝑠𝑒 𝐷 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛,𝐸

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑜𝑑𝑦,𝑚
                       (Martin and Harbison, 1986)                                                                               

 i.e.𝐷 =  
𝐸

𝑚
                                                                                                                                                                                                              (8)                                                                                                                

 Giving 
 

   𝐸 =
  𝐷 𝑥 𝑀                                                                                                                                                                      (9)                                                                                                                                                                                                                                                                                                                                                                                                 

Where E is expressed in Joules and mass (m) in kg. 
 
Substituting equation (9) in equation (7), we have: 

  
𝐷𝑚

𝐴𝑡
=  

𝑘

𝑑2 

Therefore, 𝐷 = 𝑘 
𝐴𝑡

𝑚𝑑2                                                                                                                      



A Comparative Analysis of Measured and Calculated Absorbed Doses On Staff Involved in Conventional X-Ray 

Examination in Federal Medical Center Jalingo, Taraba State, North-East Nigeria 

M. Mohammed et al, DUJOPAS 11 (3d): 54-63, 2025                                                                                        58 

 

Where: D = Radiation dose absorbed by the target body measured in Gray (Gy) 
             t = Exposure time measured in seconds (s) 
           m = Mass of the target body measured with digital weighing balance in kilogram (kg) 
            d = Distance of target body from radiation source measured with measuring tape in 
meter    
           A = Body surface area (BSA) of the target body measured in meter square (m2) 

            k = is the constant of proportionality to be determined 

  

 Body surface area (BSA) m2 is given by  

 BSA  = [
ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚) 𝑋 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

3131
]

1

2                                                                                (10) 

OR 

 BSA  = [
ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚) 𝑋 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

3600
]

1

2                                                                                (11) 

(mosteller) 
 
RESULTS AND DISCUSSION 
 
Results 
Table 1 presents the measured values of the worker parameters. Table 2 shows the result of 
radiation dose Accumulated by TLDs/personal. Table 3 shows the mean calculated value of 
radiation rose received by different class of workers, and lastly table 4 shows the calculated 
skin dose alongside the Corresponding Values of Skin Dose Measured 
With the used of TLDs, 
 
Table 1. Measured Values of the worker parameters  

S/N0 Class of Workers Workers 
Code N0. 

Mass (m) of 
workers (kg) 

Area (A) 
m2 (BSA) 

Distance (d) 
beteen office 

to X-ray 
room(m) 

Height (h) 
of worker 

(cm) 

1 
2 
3 
4 
5 

Radiographers(2) 01F-01 
01F-02 
01F-03 
01F-04 
01F-05 

96.0 
87.0 
75.0 
71.0 
82.0 

2.12 
1.88 
1.67 
1.65 
1.85 

17.30 169 
157 
134 
138 
159 

6 
7 
8 
9 

10 
11 

Dark Room 
Technician (6) 

02F-01 
02F-02 
03F-03 
02F-04 
02F-05 
02F-06 

73.0 
91.0 
79.0 
76.5 
87.0 
68.7 

1.87 
2.06 
1.95 
1.41 
1.73 
1.49 

17.8 172 
168 
174 
94 
124 
117 

12 Radiologist (1) 03F-01 108 1.89 25.7 119 

13 
14 

Cleaners (2) 04F-01 
04F-02 

107 
83.0 

1.89 
1.55 

14.5 121 
104 

15 
16 
17 

Record staff (3) 05F-01 
05F-02 
05F-03 

80.0 
115 
137 

1.74 
2.22 
2.56 

17.5 137 
154 
172 

18 
19 
20 

Finance staff (3) 06F-01 
06F-02 
06F-03 

98.3 
114 
110 

2.14 
1.99 
2.29 

18.2 168 
125 
171 
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Table 2 Radiation Dose Accumulated by TLDs/Personnel.  
S/N TLD/Workers 

label 
Skin dose 

(mSv) 
Depth dose 

(mSv) 
Absorbed dose 

(mGy) 
Absorbed depth 

dose 
(µGy) 

1 01F-01 0.23 0.69 0.69 690 

2 01F-02 0.24 0.67 0.67 670 

3. 01F-03 0.25 0.86 0.86 860 

4. 01F-04 0.25 0.66 0.66 660 

5. 01F-05 0.23 0.46 0.46 460 

6. 02F-01 0.26 0.72 0.72 720 

7. 02F-02 0.22 0.47 0.47 470 

8. 02F-03 0.24 0.58 0.58 580 

9. 02F-04 0.19 0.62 0.62 620 

10. 02F-05 0.21 0.60 0.60 600 

11. 02F-06 0.22 0.84 0.84 840 

12. 03F-01 0.09 0.43 0.43 430 

13. 04F-01 0.26 0.62 0.62 620 

14. 04F-02 0.27 0.60 0.60 600 

15. 05F-01 0.24 0.59 0.59 590 

16. 05F-02 0.20 0.61 0.61 610 

17. 05F-03 0.19 0.54 0.54 540 

18. 06F-01 0.22 0.62 0.62 620 

19. 06F-02 0.17 0.55 0.55 550 

20 06F-03 0.20 0.50 0.50 500 

01F: Radiographers, 02F: Dark Room Technicians, 03F: Radiologist, 04F: Cleaners, 05F Record 
staff, 06F: Finance staff.
 
Table 3. Mean Calculated Value of Radiation Dose Received by Different Class of Workers.  

S/N Categories of worker Mean 
 dose equivalent 

(mSv) 

Mean absorbed 
dose (mGy) 

Mean 
 absorbed dose 

(µGy) 

1. Radiographers  0.668 0.668 668.0 

2. Dark Room Technicians 0.638 0.638 638.0 

3. Radiologist  0.430 0.430 430.0 

4. Cleaners  0.610 0.610 610.0 

5. Record staff 0.580 0.580 580.0 

6. Finance staff 0.557 0.557 557.0 

 
 
Table 4. Calculated Skin Dose alongside the Corresponding Values of Skin Dose Measured 
With the used of TLDs. 

S/N Class of Workers TLD Code  Measured Skin 
Dose by using  

TLD (mGy)  

Calculated Skin 
Dose  by using 

Equation (mGy) 

1 
2 
3 
4 
5 

Radiographers (5) 01F-01 
01F-02 
01F-03 
01F-04 
01F-05 

 0.23 
0.24 
0.25 
0.25 
0.23 

0.24 
0.23 
0.24 
0.25 
0.24 



A Comparative Analysis of Measured and Calculated Absorbed Doses On Staff Involved in Conventional X-Ray 

Examination in Federal Medical Center Jalingo, Taraba State, North-East Nigeria 

M. Mohammed et al, DUJOPAS 11 (3d): 54-63, 2025                                                                                        60 

 

6 
7 
8 
9 

10 
11 

Dark room technicians 
(6) 

02F-01 
02F-02 
02F-03 
02F-04 
02F-05 
02F-06 

 0.26 
0.22 
0.24 
0.19 
0.21 
0.22 

0.26 
0.23 
0.25 
0.20 
0.20 
0.22 

12 Radiologist (1) 03F-01  0.09 0.08 

13 
14 

Cleaners (2) 04F-01 
04F-02 

 0.26 
0.27 

0.28 
0.27 

15 
16 
17 

Record staff (3) 05F-01 
05F-02 
05F-03 

 0.24 
0.20 
0.19 

0.27 
0.20 
0.20 

18 
19 
20 

Finance staff (3) 06F-01 
06F-02 
06F-03 

 0.22 
0.17 
0.20 

0.21 
0.17 
0.20 

 
 
DISCUSSION      
The present study investigated occupational exposure to ionizing radiation among six 
categories of healthcare workers at the Federal Medical Centre, Jalingo, using both measured 
(TLD) and calculated (inverse square law) dose estimation methods. Thermoluminescent 
dosimeters (TLDs), placed on the upper chest region and worn continuously over a 30-day 
work cycle, recorded individual skin and deep dose equivalents. Analysis of the dosimetric 
data revealed significant variations in absorbed doses across job categories, with 
radiographers receiving the highest recorded dose of 860 µGy and radiologists the lowest at 
430 µGy. (see table 2) 

Radiographers consistently recorded the highest average dose (668 µGy) (as show in table 3), 
reflecting their proximity to radiation sources and more frequent exposure during image 
acquisition. This trend aligns with findings by Sule et al. (2023), who reported elevated dose 
levels in radiographers compared to support personnel in tertiary hospitals across sub-
Saharan Africa. Similar occupational dose hierarchies were noted in a recent cross-sectional 
study conducted by Kelvin et al. (2024) in Rivers State, Nigeria, where radiographers working 
in private facilities had an average annual dose of 0.2732 mSv, slightly higher than their 
counterparts in public institutions (0.2442 mSv), yet all within ICRP’s permissible 
occupational exposure limit of 20 mSv/year (ICRP, 2007). 

The measured skin doses were cross-validated using theoretical calculations based on the 
inverse square law (show in table 4). The comparative analysis revealed a high level of 
agreement between the two methods, with a Pearson correlation coefficient of 0.90, indicating 
that approximately 90% of the variation in measured dose can be explained by the calculated 
estimates (. This strong correlation validates the inverse square law as a viable predictive tool 
for dose modeling, particularly in environments where real-time monitoring or electronic 
dosimeters may not be readily accessible. Similar validation efforts by Lee et al. (2022) in 
Korean diagnostic centers confirmed a comparable correlation (r = 0.89), reinforcing the use 
of geometric models in clinical dosimetry. 

Interestingly, despite not having direct involvement in X-ray procedures, cleaners recorded 
unexpectedly high skin doses, averaging 0.275 mGy (calculated) and 0.265 mGy (measured). 
This outcome is indicative of secondary radiation exposure, possibly due to poor spatial 
shielding or extended proximity to radiological areas during routine cleaning. Comparable 
findings were reported by Adewuyi et al. (2021), who highlighted insufficient radiation safety 
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training and awareness among non-clinical hospital staff, leading to unnoticed accumulation 
of occupational doses. 

The mean absorbed doses across other categories such as darkroom technicians (638 µGy), 
records staff (580 µGy), and finance staff (557 µGy) also suggest varying degrees of exposure, 
likely attributable to infrastructural layout, ventilation paths, and lack of clear demarcation 
between high- and low-radiation zones (table 3). These findings are consistent with a global 
systematic review by Abbas et al. (2022), which emphasized the influence of architectural 
design on dose distribution within healthcare facilities. 
 
Using ICRP (2007) weighting factors, deep dose equivalents were converted to absorbed dose 
for comparison with international standards. All recorded values remained well below the 20 
mSv annual occupational limit, confirming the relative safety of operations. However, 
variations across staff categories point to the need for tailored protection and broader 
monitoring. Regular dosimetry should therefore go beyond radiology staff to include support 
and administrative workers, who may also face incidental exposure. As emphasized by 
UNSCEAR (2020), effective safety frameworks must address procedural, spatial, 
environmental, and human factors. This study underscores the value of combining empirical 
monitoring with predictive modeling to optimize protection, strengthen compliance with 
IAEA/ICRP standards, and foster a culture of sustained radiation safety.)
 
CONCLUSION  
This study provides a comprehensive evaluation of occupational exposure to ionizing 
radiation among healthcare personnel engaged in conventional X-ray procedures, combining 
both empirical and theoretical approaches to dose assessment. By correlating thermos 
luminescent dosimeter (TLD) measurements with doses estimated using the inverse square 
law, a strong statistical agreement (r = 0.90) was established, affirming the reliability of 
geometric modeling as a complementary tool in radiation protection planning. Although all 
recorded exposures remained well below the International Commission on Radiological 
Protection (ICRP, 2007) recommended occupational limit of 20 mSv per year, the observed 
disparities across job categories particularly the elevated doses among radiographers and 
non-clinical staff such as cleaners highlight the need for more nuanced monitoring strategies. 
 
These findings underscore that proximity to the radiation source is not the sole determinant 
of exposure risk; infrastructural design, task frequency, and personnel movement patterns 
within radiological departments also play significant roles. Furthermore, the integration of 
calculated and measured dose values strengthens the case for dual-method surveillance in 
resource-limited settings, where real-time dosimetry may not be universally available. This 
hybrid approach ensures that even in the absence of continuous monitoring, dose predictions 
can be reasonably estimated using validated physical models, thereby supporting compliance 
with global radiation safety standards (IAEA, 2018; UNSCEAR, 2020). This research not only 
confirms the effectiveness of TLD-based dosimetry but also validates the inverse square law 
as a credible, cost-effective predictive method. The evidence advocates for the 
institutionalization of annual dose evaluations across all occupational roles, not just high-risk 
categories, and calls for targeted training interventions to address exposure risks among 
under-monitored groups. Embedding such practices into hospital radiation safety 
frameworks will enhance personnel protection, reduce stochastic risk, and promote a culture 
of accountability and radiological vigilance in clinical imaging environments. 
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