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Diagnostic X-ray imaging is a fundamental modality for the clinical identification of patient health issues; however, 

it inherently involves increased exposure to ionizing radiation, which contributes to a patient's cumulative radiation 

dose. The primary aim of this study was to calculate cancer risk in digital diagnostic imaging using X-rays across 

three hospitals in northeast Libya. Specifically, the study calculated incidence and mortality cancer risks for adult 

patients undergoing three common radiographic examinations: chest PA, cervical spine LAT, and lumbar spine 

AP. A dataset comprising 272 adult male and female patients in the three identified hospitals, divided as follows: 

the first hospital (Hospital 1) had 99 patients, the second hospital (Hospital 2) had 91 patients, and the third 

hospital (Hospital 3) had 82 patients categorized into three age groups (20-40, 41-60, and 61-80 years), was 

analyzed to evaluate radiation dose using the CALDose_X software packages. The results showed that 

hospitalized patients in Hospital 3 showed a lower risk of cancer for all types of tests compared to patients in 

Hospitals 1 and 2. The results underscore the necessity for enhanced awareness of radiation-associated risks and 

the implementation of effective mitigation strategies. 
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1. Introduction 

In diagnostic radiology, X-rays are used, which are electromagnetic waves belonging to the high-

energy part of the electromagnetic spectrum; these waves have enough energy (in the medical 

imaging range) to ionize the patient's body atoms and liberate the electrons. Damage to the tissue 

brought on by this process may result in cell mutations or apoptosis. The interaction of ionizing 

radiation with biological systems, invariably induces biological effects. The nature and severity of 

these effects are contingent upon some factors, such as the absorbed dose, the dose rate, and the 

radio-sensitivity of the exposed organs [1,2]. 

In cases of medical exposure, it is legally required to optimize the dose of radiation, since exposure to 

ionizing radiation is a risk factor for cancer. The higher the dose of radiation, the greater the chance of 

tissue damage; this biological damage is referred to as a stochastic effect [3]. The ICRP categorized 

radiation impacts that cause tissue reactions as deterministic effects in Publication 60 (ICRP, 1991b) 

and referred to radiation-induced cancer and genetic conditions as stochastic effects, where the 

committee divided the health effects of radiation into two general categories: deterministic effects and 

stochastic effects [4]. The ICRP suggests that the average absorbed dose in a tissue or organ is the 

proper dosimetric indication for stochastic effects [5].  

According to data from the Radiation Effects Research Foundation, about 90-95% of cancer cases 

are due to genetic mutations caused by environmental factors and lifestyle, while 5–10% are caused 

by radiation exposure [6,7, 8]. The objective of digital radiography is to produce high-quality 

diagnostic images while minimizing the absorbed dose to the patient. This is achieved by carefully 

selecting exposure factors, which include Tube Voltage (kVp), Tube Current (mAs) and focus to 

detector distance (FDD) [9,10]. 
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In modern practice, especially within high-dose diagnostic environments, radiation risk coefficients are 

essential tools for quantifying potential cancer incidence [11]. It is based on the linear no-threshold 

(LNT) model which assumes that any dose, no matter how small, carries a risk [12, 13, 14]. This study 

utilizes these coefficients to evaluate the mortality and morbidity risks associated with common digital 

radiography examinations in selected hospitals across northeastern Libya. 

2. Materials and Methods 

This research is a cross-sectional comparative dose assessment study conducted across three 

hospitals in northeast Libya. It utilizes an analysis of exposure parameters and prospective X-ray 

machine output measurements to quantify and compare potential cancer risks associated with digital 

radiography. 

2.1. Radiology departments 

The study encompassed three digital X-ray machines in three different radiology departments 

(Hospital 1, Hospital 2, and Hospital 3), respectively, that are substantially similar in tube 

specifications, as shown in Table 1, and we tried to have minor differences not affect measurements 

or results. We noticed that the targeted radiology departments lack quality assurance and quality 

control protocols. 

Table 1: The X-Ray machines specifications. 
Hospital Type Max Kv Max mA Total filtration mm Al Date of installation 

Hospital1 Digital Radiography 150 630 2.5 June 2015 
Hospital2 Digital Radiography 150 1000 2.5 January 2019 
Hospital3 Digital Radiography 150 1000 2.5 April 2019 

 

2.2. Patient information 
The study targeted adult patients aged between 20 and 80 years, of both sexes (male and 

female); attending the three targeted hospitals over a 4-month period. The total number of patients 

was 272, divided as follows: the first hospital (Hospital 1) had 99 patients, the second hospital 

(Hospital2) had 91 patients, and the third hospital (Hospital 3) had 82 patients. Categorized the 

patient’s information into three age groups: from 20 to 40, from 41 to 60, and from 61 to 80 years. 

Table 2. displays the number of patients by age group and type of examination per X-ray department. 

Patient data (sex, age) was taken for three different types of examinations most frequently in 

radiography: chest PA (postero-anterior X-ray projection), cervical spine LAT (lateral X-ray projection), 

and lumbar spine AP (anterio-posterior X-ray projection). 

 
 

Table 2: The Patients' Statistics. 

Hospital Examination type 
Number of patients by age group 

20-40 y 41-60 y 61-80 y Total 

Hospital 1 

Chest PA 13 16 16 45 

Cervical spine LAT 11 10 8 29 

Lumbar spine AP 7 9 9 25 

Total 31 35 33 99 

Hospital 2 

Chest PA 9 17 16 42 

Cervical spine LAT 8 7 6 21 

Lumbar spine AP 11 9 8 28 

Total 28 33 30 91 

Hospital 3 

Chest PA 10 11 10 31 

Cervical spine LAT 10 11 8 29 

Lumbar spine AP 10 6 6 22 

Total 30 28 24 82 
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2.3. Mean exposure parameters data 

In order for the cancer risk to be estimated, exposure factors (operation parameters) were recorded 

for all patients. These include tube voltage (kVp), tube current (milliampere second mAs), and X-ray 

focus-to-detector distance (FDD in cm). 

Table 3: Mean exposure parameter used in hospital 1. 

Examination type Age (y) 
Mean ± SD 

 kV mAs FDD (cm) 

ChestPA 

20-40 73.0000 ± 3.4055 31.3000 ± 9.7737 140.0000 ± 12.6219 

41-60 76.5000 ± 4.5787 40.0000 ± 6.5629 142.5000 ± 14.9184 

61-80 77.0000 ± 2.7272 37.5000 ± 11.3114 140.0000 ±14.8049 

Cervical Spine LAT 

20-40 77.0000 ± 2.7121 30.0000 ± 3.2309 105.0000 ±5.3397 

41-60 75.0000 ± 2.4919 31.2500 ± 3.6860 107.5000 ±5.5677 

61-80 72.0000 ± 2.8174 33.1000 ± 6.0584 110.0000 ±5.5551 

Lumbar Spine AP 

20-40 90.0000 ± 3.4993 95.0000 ± 12.0515 120.0000 ±6.1345 

41-60 90.0000 ± 6.0205 80.0000 ± 11.1634 120.0000 ±5.8076 

61-80 88.0000 ± 4.8074 80.0000 ± 18.1581 130.0000 ±10.4775 

 
 

Table 4: Mean exposure parameter used in hospital 2. 

Examination type Age (y) 
Mean ± SD 

 kV mAs FDD (cm) 

ChestPA 

20-40 78.0000± 2.4393 35.0000 ± 12.0610 160.0000 ± 14.4453 

41-60 73.0000± 4.3759 31.2000 ± 14.1321 150.0000 ± 22.0028 

61-80 77.0000± 4.1828 31.1000 ± 7.3341 160.0000 ± 18.1330 

Cervical Spine LAT 

20-40 77.0000± 0.0000 25.0000 ± 2.1650 115.0000 ± 1.6535 

41-60 72.0000± 2.2497 25.0000 ± 0.0000 115.0000 ± 2.2587 

61-80 72.0000± 2.6874 25.0000 ± 1.8633 115.0000 ± 1.8633 

Lumbar Spine AP 

20-40 76.0000± 9.5735 60.0000 ± 14.6739 125.0000 ± 10.9469 

41-60 80.0000± 7.3297 80.0000 ± 6.2853 125.0000 ± 6.2853 

61-80 80.0000± 3.0310 80.0000 ± 0.0000 140.0000 ± 2.4206 

 
Table 5: Mean exposure parameter used in hospital 3. 

Examination type Age (y) 
Mean ± SD 

kV mAs FDD (cm) 

ChestPA 

20-40 75.0000± 2.4494 20.0000± 0.9798 155.0000± 4.1533 

41-60 70.0000± 2.4052 18.0000± 0.9620 155.0000± 2.4052 

61-80 70.0000± 2.2912 18.0000± 0.9152 150.0000± 

Cervical Spine LAT 

20-40 65.0000± 0.0000 20.0000±0.0000 100.0000± 

41-60 60.0000± 1.9284 20.0000± 0.0000 110.0000± 

61-80 65.0000± 0.0000 20.0000± 0.0000 100.0000± 

Lumbar Spine AP 

20-40 80.0000± 0.0000 52.0000± 0.0000 130.0000± 

41-60 80.0000± 0.0000 52.0000± 0.0000 132.5000± 

61-80 80.0000± 0.0000 52.0000± 0.0000 130.0000± 

 

2.4. RAD-CHECK PLUS dosimeter measurements 
The X-ray output was measured by Rad-Check Plus, Nuclear Associates Div. of Victoreen, 

Inc., USA, with serial number 0000107744 and model 06-526, as shown in Figure 1. This compact 

instrument consists of an electrometer with display electronics and an internal ionization chamber in 

one compact package with an energy response of ± 5% from 30 kVp to 150 kVp [15]. 

The exposure is displayed as either 

 

a) Exposure, in Roentgens (0.001 to 1.999 R) or SI units of milligrays (0.01 to 19.99 mGy). 
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b) Rate, in Roentgens per minute (0.01 to 19.99 R/min) or SI units of milligrays per minute (0.1 

to 199.9 mGy/min) [15]. 

 

 

Figure 1. Rad-Check Plus X-ray dosimeter. 
 

The output of each X-ray machine (exposure X) was measured using Rad-Check Plus 

corresponding to different kVs (from 40 to 120 kVp) by a 10 kVp step, constant mAs, and a 100 cm 

distance from the tube focus, as shown in Figure 2, in order to estimate the doses when data is used 

in the software. Table 6 displays the output data for all X-ray departments. 

 

Figure 2. Measurement of output X-ray tube using aRad-Check Plus 

Table 6: The X-ray output corresponding to different kVs for each X-ray department. 

 

kVp (V) 
Exposure (Roentgen) 

Hospital 1 Hospital 2 Hospital 3 

40.0000 0.0120 0.0150 0.0080 

50.0000 0.0150 0.0230 0.0130 

60.0000 0.0210 0.3600 0.0220 

70.0000 0.0290 0.0490 0.0320 

80.0000 0.0360 0.0630 0.0430 

90.0000 0.0460 0.0780 0.0560 

100.0000 0.0560 0.0950 0.0700 

110.0000 0.0660 0.1130 0.0890 

120.0000 0.0770 0.1310 0.1110 

First, we converted the exposure in roentgen (R) (from the rad-check plus reading) to the air 

kerma in gray (Gy), then to µGy/mAs using the relation 1, where      is air kerma, it is in Gy, and X is 

exposure in R [16]. After applying this relationship to Table 6, it becomes the following table Table 7, 

so that each patient's data must be entered according to its hospital data. 
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   (1) 

Table 7: The air kerma for each department. 

kVp (V) 
Air kerma (µGy/mAs) 

Hospital 1 Hospital 2 Hospital 3 

40.0000 10.5120 13.1400 7.0080 

50.0000 13.2640 20.1480 11.3880 

60.0000 18.6520 31.5360 19.2720 

70.0000 25.9080 42.9240 28.0320 

80.0000 31.5360 55.1880 37.6680 

90.0000 40.2960 68.3280 49.0560 

100.0000 49.0560 83.2200 61.3200 

110.0000 57.8160 98.9880 77.9640 

120.0000 67.4520 114.7560 97.2360 

 

2.5. CALDose_XSoftwere 
The cancer risk was calculated using a software program called CALDose_X 5.0. It has been 

developed by Kramer et al. The program can determine the effective dose, the absorbed dose for the 

29 organs and tissues for adult patients (aged from 20 to 80 years), and the cancer risk for 

radiographic examinations, using the sex-specific (FAX06 and MAX06) phantoms, which were 

developed to include ICRP103 tissues and organs.  This software is used in the range of the tube 

potential from 50 to 120 kVp, and the filtration ranges from 2.0 to 5.0 mm of aluminum. These 

conditions are available in the specifications of the machines in this study. It determines the Incident 

Air Kerma (INAK) and the Entrance Surface Air Kerma (ESAK), which are measurable quantities 

based on X-ray equipment output explained in the next paragraph; additionally, it can show an image 

of the radiation projection on the phantom and the X-ray location when parameters and operational 

factors are entered [17]. CALDose_X 5.0 used equation 2 to estimate the cancer risk based on the 

model proposed by Brenner and Huda [18]. 

   ∑                                                                                 (2) 

Where R is the whole-body effective risk,    is the average of the equivalent dose in a tissue or organ 

and   is the cancer risk coefficient as reported by the National Research Council (NRC), or it is the 

lifetime radiation-attributable tissue-specific cancer risks (per unit equivalent dose to tissue T). 

knowledge of the biological effects of radiation, the results would be easier to interpret for medical 

imaging physicists, where lifetime risk can be used to provide risk to different genders and age 

groups. To this end, the category-based approach has been used to convey the risk from the 

radiological examination, as shown in Table 8[19]. 

Table 8: Four broad risk bands for the typical total lifetime cancer risk for patients [19]. 

Category Total lifetime cancer risk 

Negligible risk Less than 1 in a million 

Minimal Risk 1 in a million to 1 in 100,000 

Very Low Risk 1 in 100,000 to 1 in 10,000 

Low Risk 1 in 10,000 to 1 in 1,000 
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Figure 3. The X-ray output curves obtained using Rad-Check Plus readings. 

 

3. Results and Discussion 

Tables 6, 00, and 00 give risks of cancer incidence and mortality values for 100000 persons 

calculated using CALDose_X 5.0 software using equation 5. These tables give results for chest PA, 

cervical spine LAT, and lumbar spine AP examinations, respectively, for three radiography 

departments. 

Table 6and Figure 4 show patients undergoing chest imaging aged 20-40 years in Hospital 1 have the 

highest risks of incidence and mortality from cancer. While patients aged 40-80 who undergo the 

same type of examination in Hospital 2 are at higher risk of incidence and mortality from cancer than 

others, on the other hand, patients who undergo medical imaging in Hospital 3 in all their age groups 

have the lowest risk of incidence and mortality from cancer. 

Table 9: Risks of cancer incidence and mortality for 100000 persons for chest PA examinations in 

three radiography departments. 

Hospital Age (Y) Risk of cancer incidence Risk of cancer mortality 

Hospital 1 

20-40  0.4131 0.9610 

41-60  0.8080 0.7017 

61-80  0.5498 0.5286 

 

Hospital 2 

20-40 1.2402 0.9903 

41-60 1.0696 0.9197 

61-80 0.7979 0.7520 

 

Hospital 3 

 

20-40 0.4823 0.3551 

41-60 0.2310 0.1996 
61-80 0.1429 0.1389 
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Figure 4. Risks of cancer incidence and mortality for 100000 persons for chest PA examinations in 

three radiography departments. 

According to Table 10 and Figure 5, the largest risks of cancer incidence and mortality are observed 

in patients attending Hospital 1 who are 20–40 years old and undergo cervical spine imaging.  

Table 01: Risks of cancer incidence and mortality for 100000 persons for cervical spine LAT 

examinations in three radiography departments. 

Hospital Age (Y) Risk of cancer incidence Risk of cancer mortality 

Hospital 1 

20-40  0.8431 0.2820 

41-60  0.3338 0.2555 

61-80  0.2212 0.2105 

Hospital 2 

20-40 0.6738 0.3062 

41-60 0.3608 0.2824 

61-80 0.2716 0.2596 

Hospital 3 

20-40 0.4227 0.1279 

41-60 0.1302 0.0934 

61-80 0.1007 0.0967 

Patients in the 40–80 age range who have the same type of examination in Hospital 2 are more likely 

to experience mortality from cancer than those in other age groups, whereas patients in all age 

groups who get medical imaging in Hospital 3 are the least likely to experience incidence and 

mortality risks from cancer. 

 
Figure 5. Risks of cancer incidence and mortality for 100000 persons for cervical spine LAT 

examinations in three radiography departments. 
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The patients in Hospital 1 who have lumbar spine X-ray imaging and are between the ages of 

20 and 40 and 60 and 80 have the highest possibility of cancer incidence and mortality, as shown in 

Table 11 and Figure 6. While patients in all age groups who undergo medical imaging in Hospital 3 

are the least likely to experience incidence and mortality risks from cancer, patients in the 40–60 age 

range who undergo the same type of examination in Hospital 2 are more likely to experience mortality 

from cancer than those in other age groups. 

Table 00: Risks of cancer incidence and mortality for 100000 persons for lumbar spine AP 

examinations in three radiography departments. 

Hospital Age (Y) Risk of cancer incidence Risk of cancer mortality 

Hospital 1 

20-40 3.5754 1.7821 

41-60 2.3293 1.2496 

61-80 1.7426 1.4305 

Hospital 2 

20-40 2.6314 1.4213 

41-60 2.5107 1.3622 

61-80 1.1440 0.7280 

Hospital 3 

20-40 0.6150 0.3070 

41-60 0.4650 0.2398 

61-80 0.2465 0.1566 

 

Figure 6. Risks of cancer incidence and mortality for 100000 persons for lumbar spine AP 

examinations in three radiography departments. 

Table 12 shows an overview of the calculated risk values for the three Libyan hospitals and the 

application of total lifetime cancer risk ranges. Based on the results, the estimated risks in this study 

generally range from "Minimal" to "Very Low". For example, the highest recorded risk of cancer 

incidence was 3.5754 per 100,000 (Lumbar Spine AP, Hospital 1, age 20-40). Since this value is 

between 1 and 10 per 100,000, it is classified as a "Very Low Risk". Conversely, most results for 

Hospital 3, such as the 0.1429 incidence for Chest PA (age 61-80), fall into the "Minimal Risk" 

category [20,21]. 

Table 02: Comparison results in this study with international risk categories [22]. 

Category Total Lifetime Cancer Risk Results in Study 

Negligible Less than 1 in 1,000,000 Values below 0.1 per 100,000. 

Minimal 1 in 1,000,000 to 1 in 100,000 Most study results fall here (e.g., 0.1 to 1.0 per 100,000). 

Very Low 1 in 100,000 to 1 in 10,000 Higher range results, such as Lumbar Spine AP in Hospital 1. 

Low 1 in 10,000 to 1 in 1,000 Typically associated with higher-dose procedures. 
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4. Statistical Analysis of Cancer Risks 
A three-way Analysis of Variance (ANOVA) was conducted to examine the effects of hospital 

setting, patient age, and examination type on the risk of cancer incidence and mortality, as shown in 
Table 13. 

Table 13: Three-Way ANOVA Results for Cancer Incidence and Mortality Risks. 

Source of Variation df SS MS F p 

Incidence Cancer 

Type Examination 5 5.453 1.064 04.20 < .000*** 

Hospital 5 2.541 5.344 00.00 < .000*** 

Group Age 5 5.143 0.505 2.06 .003* 

Residual) Error) 50 1.456 0.546   

Mortality Cancer 

Type Examination 5 5.213 0.544 05.42 < .000*** 

Hospital 5 5.513 0.054 03.06 < .000*** 

Group Age 5 0.545 0.046 5.00 .030 

Residual) Error) 50 0.455 0.036   

For Cancer Incidence: The ANOVA revealed a significant main effect for the type of examination, F 

(2, 20) = 17.51, p< 0.001, indicating that the radiation risk varies substantially across different 

procedures. Post-hoc comparisons showed that Lumbar Spine AP examinations yielded the highest 

risk levels compared to Chest PA and Cervical Spine LAT. Additionally, a significant main effect was 

found for the hospital, F (2, 20) = 11.01, p< 0.001, with Hospital 3 consistently demonstrating the 

lowest risk values. Age also had a significant effect on incidence risk, F (2, 20) = 5.08, p = 0.016, 

where risk levels generally decreased with advancing age groups. 

For Cancer Mortality: Similar to incidence, mortality risk was significantly influenced by the type of 

examination, F (2, 20) = 18.34, p< 0.001, and the hospital, F (2, 20) = 16.18, p< 0.001. However, the 

effect of age on mortality risk did not reach statistical significance, F (2, 20) = 2.00, p = 0.161, 

suggesting that while age influences the likelihood of cancer onset in this sample, its impact on 

mortality risk is less pronounced across the studied departments. 

The findings of this study highlight significant disparities in radiation-induced cancer risks across 

different radiography departments. The high significance of the "Hospital" factor suggests that 

variations in equipment calibration, imaging protocols, or technician expertise may be contributing to 

the observed differences in patient safety. Specifically, the notably lower risks recorded in Hospital 3 

provide a benchmark for optimized radiological practice. Furthermore, the pronounced risk associated 

with Lumbar Spine AP examinations, as compared to Chest PA, aligns with the higher effective doses 

typically required for pelvic and spinal imaging. The lack of significant age-related variance in mortality 

risk despite its significance in incidence warrants further investigation into the biological susceptibility 

and latency periods associated with radiation exposure in different age cohorts. 

5. CONCLUSIONS 
According to Table 8, all cancer risk values calculated in this study across all hospitals and types 

of examinations fall into the "minimum risk" category, ranging between 1 and 100,000. The 
comparative analysis of estimated cancer risks Hospital 3 as the facility with the lowest potential for 
radiation-induced cancer across all three examined radiographic procedures and patient age groups. 
Hospitals 1 and 2 consistently demonstrate higher risk profiles, with the specific examination type and 
patient age influencing the magnitude of the estimated risk. It is clear that young people have high 
indicators of cancer, which is why low mAs values are recommended for young people to reduce 
exposure while still obtaining high-quality diagnostic images. While the risks remain "Minimal" by 
international standards, the significant variation between facilities-with Hospital 3 consistently showing 
the lowest risk -suggests that Hospitals 1 and 2 may benefit from more dose-conscious protocols to 
better align with international best practices for radiation protection. These findings underscore the 
varying radiation protection practices and exposure parameters across the three hospitals. The 
consistently lower risk estimates associated with Hospital 3 strongly suggest the implementation of 
more dose-conscious imaging protocols. While this investigation offers helpful information about the 
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effects of X-ray imaging on human health, more research is needed to include other hospitals, other 
types of examinations, and other age groups. Specialized dose management training, retraining of 
technicians, and the involvement of qualified medical physicists are also necessary to standardize 
radiographic techniques to reduce human error in changing the dose for the same examination across 
different hospitals. The law of the presence of a medical physics department must also be applied in 
every radiation hospital, one of whose tasks to conduct quality tests, develop and disseminate clear 
protocols for digital radiological examinations for the use of radiologists. In addition, patients should 
be educated and informed about the risks associated with imaging procedures so that they can make 
informed decisions about their healthcare. 
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 ليبيا شرق بشمال مختارة ث مستشفيا في الرقمي الشعاعي التصوير خلال مه الإشعاع عه الناجمت والوفياث بالسرطان الإصابت مخاطر تقدير

 
 الملخص

انزعشض نلإشعبع انًؤٍٚ،  ٚعُذّ انزصٕٚش انزشخٛصٙ ثبلأشعخ انسُٛٛخ أسهٕثبً أسبسٛبً نزحذٚذ انًشكلاد انصحٛخ نهًشظٗ سشٚشٚبً؛ إلا أَّ ُٚطٕ٘ ثطجٛعزّ عهٗ صٚبدح

فٙ انزصٕٚش انزشخٛصٙ انشلًٙ  يًب ٚسُٓى فٙ انجشعخ الإشعبعٛخ انزشاكًٛخ نهًشٚط. كبٌ انٓذف انشئٛسٙ نٓزِ انذساسخ ْٕ حسبة خطش الإصبثخ ثبنسشغبٌ

ٖ انًشظٗ انجبنغٍٛ ثبسزخذاو الأشعخ انسُٛٛخ فٙ صلاصخ يسزشفٛبد ثشًبل ششق نٛجٛب. ٔعهٗ ٔجّ انزحذٚذ، حسجذ انذساسخ يعذلاد الإصبثخ ٔانٕفٛبد ثبنسشغبٌ نذ

د انفمش٘ انعُمٙ يٍ انجبَت إنٗ انخهف، ٔرصٕٚش انعًٕد انزٍٚ خععٕا نضلاصخ فحٕصبد شعبعٛخ شبئعخ: رصٕٚش انصذس يٍ الأيبو إنٗ انخهف، ٔرصٕٚش انعًٕ

يشٚعًب ثبنغبً يٍ انزكٕس ٔالإَبس فٙ انًسزشفٛبد انضلاصخ انًحذدح، يٕصعٍٛ عهٗ انُحٕ  272انفمش٘ انمطُٙ يٍ الأيبو إنٗ انخهف. رى رحهٛم يجًٕعخ ثٛبَبد رعى 

(، 3يشٚعًب فٙ انًسزشفٗ انضبنش )انًسزشفٗ  22(، 2ٔب فٙ انًسزشفٗ انضبَٙ )انًسزشفٗ يشٚعً  91(، 1ٔيشٚعًب فٙ انًسزشفٗ الأٔل )انًسزشفٗ  99انزبنٙ: 

. أظٓشد انُزبئج أٌ CALDose_Xعبيًب(، ٔرنك نزمٛٛى انجشعخ الإشعبعٛخ ثبسزخذاو حضيخ ثشايج  22-01، 02ٔ-41، 42-22يصُفٍٛ إنٗ صلاس فئبد عًشٚخ )

. ٔرؤكذ 2ٔ 1أظٓشٔا خطشًا ألم نلإصبثخ ثبنسشغبٌ نجًٛع إَٔاع الاخزجبساد يمبسَخ ثبنًشظٗ فٙ انًسزشفٍٛٛ  3انًشظٗ انزٍٚ رى إدخبنٓى إنٗ انًسزشفٗ سلى 

 انُزبئج عهٗ ظشٔسح رعضٚض انٕعٙ ثبنًخبغش انًشرجطخ ثبلإشعبع ٔرطجٛك اسزشارٛجٛبد فعبنخ نهزخفٛف يٍ ْزِ انًخبغش.

 

 انعًٕد صٕسح انجبَجٛخ، انعُمٙ انفمش٘ انعًٕد صٕسح انخهفٛخ، الأيبيٛخ انصذس صٕسح ثبنسشغبٌ، ثخالإصب خطش انشلًٙ، نشعبعٙ انزصٕٚش المفتاحيت: الكلماث

 .انخهفٙ الأيبيٛخ انمطُٙ انفمش٘
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