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 This study investigates the levels and health implications of indoor and outdoor 

background gamma radiation in two university physics laboratories in Sudan University 

of Scienece and Technology, Sudan. Given the constant exposure to ionizing radiation 

from natural and artificial sources, including building materials and radioactive teaching 

aids, the study aimed to quantify radiation exposure risks to staff, students, and visitors. 

Using a Geiger-Müller (GM) tube and digital counter, radiation levels were measured at 

various points in and around the laboratories. Results showed that average indoor 

radiation doses were consistently higher than outdoor levels in both laboratories, with Lab 

1 recording an average indoor dose of 150.92 nSv/h compared to 114.73 nSv/h outdoors, 

and Lab 2 showing 81.91 nSv/h indoors versus 71.42 nSv/h outdoors which is less than 

the global radiation threshold. Although some indoor readings approached established 

high-dose thresholds, none significantly exceeded them. The data suggest that indoor 

sources, possibly building materials or equipment, contribute to elevated exposure, though 

not at levels requiring immediate intervention. These findings support the need for 

continued monitoring and the establishment of safety guidelines to mitigate long-term 

exposure risks in educational laboratory environments. 
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1. INTRODUCTION 

 

As ionizing radiation is the most common form of exposure 

in the environment, determining the health risk of background 

gamma radiation is crucial in health physics [1, 2]. Human 

beings are inexorably presented to natural background 

radiation from cosmos [3], earth stratum, building materials, 

food, air, and even components that constitute their own body 

[4, 5]. Ionizing radiation from natural sources is constantly 

present in our environment. Natural background radiation is 

unavoidably present in our surroundings [6-8]. Health 

physicists find assessments of natural background radiations 

to be extremely important because, in addition to the fact that 

humans are continuously exposed [9, 10] to varying degrees 

of ionizing radiation from natural sources, over 90% of human 

radiation exposure originates from natural sources [11, 12]. 

Workers at the workplaces may be exposed to natural radiation 

from waste items. 

The United Nations Scientific Committee on the Effects of 

Atomic Radiation (UNSCEAR) provides comprehensive 

guidelines and assessments on radiation exposure, including 

laboratory monitoring. While UNSCEAR doesn't issue 

specific laboratory protocols, its reports offer valuable insights 

into radiation safety practices. UNSCEAR's 2020/2021 report 

emphasizes the importance of timely and accurate radiation 

monitoring following nuclear incidents. It highlights the 

necessity of using both personal dosimetry and environmental 

measurements to assess exposure levels effectively. This 

approach ensures that radiation doses to workers and the 

public are accurately estimated, facilitating appropriate 

protective measures [13]. 

As a case study in Bangladesh, a study evaluated radiation 

levels around major hospitals in central and western regions. 

Radiation monitoring was performed using calibrated devices, 

with calibration traceable to international standards. This 

approach ensured the reliability of the measurements and 

supported the assessment of potential radiation risks to the 

public living near these facilities [14]. The functioning of these 

industrial workshops is typically uncontrolled, and there is no 

particular methodology for establishing guidelines about the 

natural radioactivity of waste products [15]. Considering both 

necessary and basic scientific grounds, health physics places a 

high value on the study and assessment of natural ambient 

radiation. Background radiation emerges from primordial, 

cosmogonic and anthropogenic sources [16]. Preliminaries are 

found across the world, including in the human body, and can 

be found in the crust of the earth [17, 18]. There are no 

individual radiation dose estimates or direct quantitative 

estimates of risk in relation to populations exposed to the 

environment [19, 20]. The body of scientific evidence 

International Journal of Safety and Security Engineering 
Vol. 15, No. 3, March, 2025, pp. 601-607 

 

Journal homepage: http://iieta.org/journals/ijsse 
 

https://orcid.org/0000-0003-2671-0767
https://orcid.org/0000-0002-5537-5956
https://orcid.org/0000-0002-4905-3117
https://orcid.org/0009-0006-1083-9346
https://orcid.org/0009-0007-9816-9259
https://orcid.org/0000-0003-3689-4010
https://crossmark.crossref.org/dialog/?doi=10.18280/ijsse.150318&domain=pdf


 

indicates that there is no exposure threshold beyond which it 

can be shown that low doses of ionizing radiation are 

advantageous or safe. It is typically not evident that humans 

are continuously exposed to radiation since low quantities of 

ionizing radiation cannot be felt or seen [21-23]. 

The indoor background ionizing radiation comes from 

radioactive sources which used for teaching, and the staff and 

students spend more time in these laboratories, exposure to 

this background ionizing radiation. Naturally occurring 

radioactive nuclides are present in varying concentrations in 

all construction materials. The majority of uranium 

radionuclides found in materials made from rock and soil are 

naturally occurring. (U238) and thorium (Th232) series, and the 

radioactive isotope of potassium (K40). In order to ascertain the 

degree of risk that staff and students are exposed to, the 

background ionizing radiation levels in the physics 

laboratories and their surrounding areas are evaluated in this 

work. Injuries and clinical symptoms, such as chromosomal 

changes, cancer induction, and the creation of free radicals, 

may result from radiation exposure [24]. The injuries and 

clinical symptoms could be caused by both high doses and 

prolonged low dose exposure [25-27]. 

Building materials and radioactive sources provide indoor 

background ionizing radiation. Humans have been shown to 

be susceptible to cytogenetic damage from long-term exposure 

to even low doses and low dose rates of nuclear radiation from 

contaminated buildings [28-30]. It has been discovered that 

both hematopoietic and solid tumors exhibit dose-dependent 

increases in incidence and death. Cancers of the breast, thyroid, 

and lungs account for the majority of the increase. A growing 

body of research indicates that influenced by dose [31, 32]. 

The purpose of this study was to determine and evaluate the 

influence, background radiation in these two physics labs 

which including inside some radioactive sources and how to 

deal with results that affecting health of the workers inside the 

laboratories and the staff, students and visitors around them 

and in order to set safety guidelines protecting individuals 

from the risks posed by this background radiation. 

 

 

2. MATERIALS AND METHODS 

 

This study was accomplished by selecting two physics 

laboratories, both are of areas 77 m2 which are in the center of 

the faculty of science and administrative offices nearby; 

however, this region is quite congested with students from all 

around the university. In addition, these laboratories are used 

to teach students of the Faculty of Science and some other 

faculties of the university as well as with around ten faculties, 

a student community of about 22,000, and over 3,000 staff 

members, the school welcomes visitors and students from both 

within and outside the globe [33-35].  In the chosen 

laboratories, background radiation was monitored both 

indoors and outdoors.  

This was collected using an assembly combining a GM-tube 

(LD didactic GmbH 55901, Top 0000022) and (digital counter 

57548, WA 00027063). The GM tube is particularly useful 

since it operates simply and produces a very powerful signal; 

It is a portable device, suitable for radiation level monitoring 

in the laboratory as well as in the field, it may be used with 

any type of ionizing radiation. The GM counter only counts 

particles and has a dead time of 200 to 300 μs [36]. 

The voltage applied to the GM-counter is 480 volts. Two 

target regions were identified for this study: physics 

laboratories 1 and 2, which were chosen for comparison 

purposes. Certified calibration sources such as Cs-137, Co-60 

were used for the calibration of the GM before the 

measurements, and the background was subtracted from all the 

readings. To sufficiently cover the selected target areas, ten 

readings were taken in each location at Khartoum, Sudan, is 

specifically made to function as a low-level survey meter in 

both indoor and outdoor environments. In the designated 

areas, the ambient gamma absorbed dose rates were 

determined on-site. The measurements of gamma background 

radiation were conducted at various designated places within 

and outfacilities [17], both indoors and outdoors.  In each 

location, 8–12 points were selected and at each point, 8–10 

readings were recorded. Standard procedure was followed for 

taking the measurements [37], i.e., in the air at a distance of 

one meter above the ground [33, 34]. The arithmetic mean of 

the readings was taken as representative figure for location. 

The exposure rate in (R/cpm) which was obtained from the 

counter converted into absorbed dose rate (nSv/h) using the 

conversion factor of 1cpm = 5.019 nSv/h [9, 35]. 

 

 

3. RESULTS AND DISCUSSION 

 

The results presented in Tables 1 and 2 are indoors outdoor 

readings in the two physics laboratories 1 & 2 respectively 

obtained by GM-tube, which present the count rate in (R/cpm) 

and dose in (nSv/h), the readings were at 30℃. 

Environmental Radiation Evaluation of Laboratory 1 

To obtain a general idea of the overall radiation levels in 

both environments, we computed average indoor and outdoor 

count rates and dosages using Python software package. The 

results are as follows: average indoor count rate: 30.2 R/cpm, 

average indoor dose: 150.9233 nSv/h, average outdoor count 

rate: 22.86 R/cpm, average outdoor dose: 114.729 nSv/h. 

These averages indicate that indoor radiation levels are higher 

than outdoor ones. To understand the variability of the 

measurements, we determined the standard deviation for the 

count rates and doses both indoors and outdoors. Standard 

deviation of indoor count rate is 2.5424 R/cpm standard 

deviation of indoor dose: 12.8362 nSv/h Standard Deviation 

of Outdoor Count Rate: 1.5901 R/cpm, standard deviation of 

outdoor dose: 7.9798 nSv/h. These standard deviations show 

that count rates and doses vary, with indoor measurements 

showing slightly higher variability than outdoor measurements. 

Table 1 presents the readings and comparison between the 

average indoor and outdoor doses, and Figure 1 presents 

Boxplot indoor out door radiation doses for laboratory 1. 

The environmental average dose of the indoor is (150.9233 

nSv/h) and significantly higher than the average outdoor dose 

(114.729 nSv/h). This suggests that a radiation source within 

the buildings could contribute to higher indoor radiation levels. 

To identify specific locations with significantly higher doses, 

we calculated the threshold for high doses as the mean plus 

two standard deviations: which gave indoor dose threshold: 

(150.9233 + 2 × 12.8362 = 176.5957) nSv/h and outdoor dose 

threshold: (114.729 + 2 × 7.9798 = 130.6885) nSv/h. For 

example, location 7 has a dose of 175.678 nSv/h, which is 

close but does not exceed the threshold of 176.5957 nSv/h. 

However, no outdoor locations exceed the threshold of 

130.6885 nSv/h.

  



 

Table 1. Indoor outdoor count rate (R), dose equivalent (D) 

in the physics laboratory 1 at 30℃ 

 

No. 

Indoor  Outdoor  

Count rate 

(R/cpm) 

Dose 

(nSv/h) 

Count rate 

(R/cpm) 
Dose (nSv/h) 

1 30.4 151.722 22.6 113.42 

2 33.4 166.552 23.7 118.95 

3 30.2 150.581 20 100.38 

4 29 144.877 20.3 101.88 

5 29.2 146.018 23 115.43 

6 27 134.61 24 120.45 

7 35 175.678 25.2 126.47 

8 31 155.144 23.7 118.95 

9 26 130.047 22 110.41 

10 30.8 154.004 24.1 120.95 

Mean 30.20 150.92 22.86 114.73 

STD 2.68 13.53 1.68 8.41 

Min 26 130.047 20 100.38 

Max 35 175.678 25.2 126.47 
p-value < 0.05 

T-test ≈ 7.18 

Table 2. Indoor count rate (R), dose equivalent D) in the 

physics laboratory 2 at 30℃ 

 

No. 

Indoor  Outdoor  

Count rate 

(R/cpm) 

Dose 

(nSv/h) 

Count rate 

(R/cpm) 

Dose 

(nSv/h) 

1 29.2 146.018 25.2 126.47 

2 27.6 138.033 20.7 103.89 

3 0.0 0.0 7.8 39.14 

4 0.0 0.0 0.0 0.0 

5 34.6 173.39 20.3 101.88 

6 37.8 189.36 22.5 112.92 

7 0.0 0.0 11.5 57.71 

8 34.4 172.25 25.6 125.97 

9 0.0 0.0 0.0 0.0 

10 0.0 0.0 9.2 46.1748 

Mean 16.36 81.91 14.28 71.42 

STD 17.47 87.48 9.86 49.19 

Min 0.0 0.0 0.0 0.0 

Max 37.8 189.36 25.6 126.47 

 

 
Figure 1. Boxplot indoor outdoor radiation doses for lab 1 

 

This analysis indicates that while some indoor locations 

have higher doses, none exceed the threshold by a substantial 

margin. Therefore, while there are higher indoor radiation 

levels overall, there are no specific locations with extremely 

high doses that would warrant immediate concern based on 

this dataset [38-41].  To obtain a general idea of the overall 

radiation levels in both environments, we computed average 

indoor and outdoor count rates and dosages. The results are as 

follows: average indoor count rate: 16.36 R/cpm 

average indoor dose: 81.9051 nSv/h average outdoor 

count rate: 14.28 R/cpm average outdoor dose: 

71.41548 nSv/h. These averages indicate that the indoor 

radiation levels are slightly higher than the outdoor levels. 

To understand the variability of the measurements, we 

calculated the standard deviation for the indoor and outdoor 

count rates and doses: standard deviation of indoor count rate: 

17.4714 R/cpm standard deviation of indoor dose: 87.4841 

nSv/h standard deviation of outdoor count rate: 9.8645 R/cpm 

standard deviation of outdoor dose: 49.1929 nSv/h. These 

standard deviations show significant variability in the count 

rates and doses, particularly for the indoor measurements. 

Table 2 presents the readings and the comparison between the 

average indoor and outdoor doses. Figure 2 presents Boxplot 

indoor out door radiation doses for laboratory 2.



 
 

Figure 2. Boxplot indoor and outdoor radiation doses for lab 2 

 

 
 

Figure 3. Indoor and outdoor plot for the two physics labs 



Environmental average dose of indoor was (81.9051 nSv/h) 

is higher than the average outdoor dose (71.41548 nSv/h). This 

suggests that there could be a radiation source within the 

buildings contributing to higher indoor radiation levels. To 

identify specific locations with significantly higher doses, we 

calculated the threshold for high doses as the mean plus two 

standard deviations: indoor dose threshold: (81.9051 + 2 × 

87.4841 = 256.8733) nSv/h outdoor dose threshold: (71.41548 

+ 2 × 49.1929 = 169.80128) nSv/h. No indoor locations exceed 

the threshold of 256.8733 nSv/h. No outdoor locations exceed 

the threshold of 169.80128 nSv/h. This analysis indicates that 

while some indoor locations have higher doses, none exceed 

the threshold by a substantial margin. Therefore, while there 

are higher indoor radiation levels overall, there are no specific 

locations with extremely high doses that would warrant 

immediate concern based on this dataset. However, the 

occupational exposure, ICRP and WHO recommends: 

2281.5nSv/h, averaged over 5 years. 5703.8nSv/h in any 

single year (maximum). For public exposure: 1 mSv/year 

average which is graeater than the readings we got.  

Figure 3 presents the relation between the indoor and 

outdoor radiation which shows straight line, this is indication 

that the two labs are close to each other in risk of background 

radiation that causes health effects. 

 

 

4. CONCLUSIONS 

 

This study effectively assessed the background gamma 

radiation levels in Sudan University of Science and 

Technology's two physics labs. The results showed that, in 

both labs, indoor radiation doses were consistently higher than 

outside doses. This was probably because of the radioactive 

teaching aids and naturally radioactive construction materials. 

In spite of this, every measured result was still much below the 

WHO and ICRP's recommended international exposure limits 

for both public and occupational exposure. Students, 

employees, or visitors did not face any acute health hazards, 

and no particular measurement site surpassed the determined 

high-dose criteria. But the higher interior radiation levels than 

outdoor measurements show how important it is to regularly 

check radiation levels, particularly in educational settings 

where people may spend a lot of time. The study emphasizes 

the significance of creating regional radiation safety 

regulations, raising ionizing radiation awareness and training, 

and maintaining safe laboratory conditions by ongoing 

monitoring and adherence to radiation protection best 

practices. 
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