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MEASUREMENT OF INDOOR IONISING RADIATION LEVELS  

WITHIN THE X-RAY BUILDINGS OF FOUR GENERAL  

HOSPITALS IN LAGOS STATE 

 

ABSTRACT 

Radiation levels associated with radiological 

procedures in hospitals have come under 

increasing scrutiny, requiring quantitative 

monitoring and accurate measurements. In this 

work, the radiation dose levels within and around 

the x-ray rooms of four General Hospitals in 

Lagos, South -West Nigeria were determined 

using two calibrated handheld radiation survey 

meters (PRM-9000), preset to take minimum, 

maximum and mean dose rates measurements for 

five minutes. The mean dose rates for both 

background radiation as well as when the x-ray 

machine is in use were recorded inside five or six 

different locations within the x-ray buildings of 

all the hospitals. Background dose rates in the 

sampled locations range between 0.077 -

0.140µSv/hr, 0.093 – 0.123 µSv/hr, 0.082 -0.116 

µSv/hr and 0.092 -0.118 µSv/hr in Gbagada, 

Lagos Island, Isolo and Igando General 

Hospitals respectively. The mean annual 

effective dose (mSv) ranged between 0.53 – 

1.96, 0.28 -0.41, 0.24 -0.31, 0.23 – 0.31, 0.23 -

0.28 and 0.24 -0.37 inside the x-ray room, the x-

ray room entrance, patients’ waiting room, 

reception, dark room and main entrance 

respectively in all the hospitals, when the x-ray 

machine is in use. These values were within the 

radiation safe limit to the public and radiation 

health workers thereby putting no radiological 

risk to them.  
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Effective Dose, General Hospital 

 

 

 

 

 

INTRODUCTION 

The use of radiation in medicine is the largest, 

and a growing, man-made source of exposure to 

ionizing radiation (Ribeiro et al., 2020). In 

particular, X-rays have maintained a key role in 

diagnosis of diseases, injury and in X-ray 

therapy, thus contributing largely to the effective 

dose of both patients and personnel. The latest 

United Nations Scientific Committee on the 

Effects of Atomic Radiation (UNSCEAR) 

estimates suggest that there are about 4 billion X-

ray examinations per year, worldwide 

(UNSCEAR, 2008). Ionizing radiation 

emanating during usage of radioactive facilities 

in hospitals and medical research institutes have 

been of great concern because of the detrimental 

effects of high exposure. Exposure to 

radiographic examination (computerized 

tomography, fluoroscopic procedures, dental 

diagnosis, and routine exposure to x-rays), 

radioisotope procedures and radiation therapy 

have contributed to increase in background 

radiation and radiation levels of patients and 

many occupational workers. 

 

In Nigeria, several X-ray machines which are 

regularly employed for radio-diagnosis are 

housed in brick buildings or else in cement-

plastered buildings. The effectiveness of these 

building materials in shielding energy radiations 

is not too certain. There exists the possibility of 

leakages of harmful radiations to the 

environment whenever the machine is in use, the 

extent of exposure being a function of the 

intensity and energy of the emitted radiations and 

the frequency of usage of the machine ( Hassan 

et. al, 2012; Sharma, 2015). This can be a serious 

problem to both health workers and the public 

around that area.Hence there is a need for the 
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measurements of radiation around within such 

vicinities, especially when the machine is in 

use. Due to the radiological risks involved, it is 

usually recommended that dose to patient from 

x-ray be kept as low as reasonably achievable 

(ALARA) with adequate image quality (IAEA, 

1996). 

In this study, the indoor and outdoor radiation 

dose owing to the use of x-ray machine in 

selected general hospitals in Lagos state were 

measured in order to determine radiation dose 

being received by both patients and health 

personnel following the continual exposure to 

emission from the x-ray machines. 

 

2.0 METHODOLOGY 

The study was carried out at the department of 

Radiology of General hospitals at Gbagada, 

Isolo, Igando and Lagos Island in Lagos state. 

The specific locations where measurements were 

carried out in each hospital included the x-ray 

room, x-ray room entrance, patients’ waiting 

room, reception, dark room, and the main 

entrance to the x-ray building. 

Two calibrated handheld radiation survey meters 

(PRM-9000), preset to take minimum, maximum 

and mean dose rates measurements for five 

minutes were used for 5days in the sample 

locations in each of the hospitals between 

8.00am and 9.30am when it is expected that there 

would be a high demand and usage of the x-ray 

machine. The PRM-9000 is suitable for 

regulatory inspections, and for the detection, 

measurement and monitoring of broad spectrum, 

low energy radionuclides, including Naturally 

Occurring Radioactive Material (NORM). They 

were calibrated electronically using a pulse 

generator “relative” to CS -137, with a maximum 

error that did not exceed 5%.  

The background radiations in the designated 

points within each hospital, including the x-ray 

room were first measured when the machine was 

OFF; afterwards the measurements were 

repeated when the machine was ON. 

 

3.0 RESULTS AND DISCUSSION 

The measured mean dose rates for each of five 

days at the various locations within the x-ray 

buildings of the four general hospitals have been 

tabulated in table 1. 

Background dose rates in the sampled locations 

range between 0.077 -0.140µSv/hr, 0.093 – 

0.123 µSv/hr, 0.082 -0.116 µSv/hr and 0.092 -

0.118 µSv/hr in Gbagada, Lagos Island, Isolo 

and Igando General Hospitals respectively. The 

background values are lower inside the x-ray 

room of all but Isolo General Hospital, compared 

to at least one of the other samples locations 

outside the x-ray rooms. In particular, all the 

sampled locations in Gbagada and Igando 

General Hospitals have background dose rates 

that were higher outside the x-ray room than 

inside it. At Lagos Island General Hospital, it is 

only at the reception that background dose rate is 

slightly higher than inside the x-ray room. This 

shows in general that within these three 

hospitals, possible extraneous background 

radiations from natural or artificial sources 

outside the x-ray room are attenuated before 

getting inside the x-ray room. The highest mean 

background dose rates of 0.140, 0.123, 0.116 and 

0.118 μSv/hr obtained respectively within 

Gbagada, Lagos Island, Isolo and Igando Island 

General Hospitals compare favourably with 

those reported for the Radiology Department 

FMC Asaba Delta State, Nigeria (Abubakar et 

al., 2017), General Hospital, Abuja (James et al., 

2015) and Braithwaite memorial specialist 

Hospital, Port Harcourt (Okoye and Avwiri, 

2013). 
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Table 1: Mean Dose Rate (µSv/hr) when machine is ON and OFF 

S/N 

Gbagada Lagos Island Isolo Igando 

Machine 

(OFF) 

Machine 

(ON) 

Machine 

(OFF) 

Machine 

(ON 

Machine 

(OFF) 

Machine 

(ON) 

Machine 

(OFF) 

Machine 

(ON) 

X-ray 

Room 
0.077 0.532 0.114 0.729 0.116 0.198 0.092 0.378 

Entrance 

of X-ray 

Room 

0.093 0.153 0.106 0.103 0.086 0.144 0.094 0.122 

Patient 

Waiting 

Room 

0.093 0.091 0.100 0.103 0.094 0.088 0.102 0.114 

Reception 0.088 0.085 0.123 0.114 N/A N/A N/A N/A 

Dark 

Room  
0.085 0.085 0.103 0.104 0.11 0.096 0.096 0.106 

Main 

Entrance 
0.140 0.1386 0.0926 0.104 0.082 0.088 0.118 0.116 

 

Figures 1-4 show comparisons between the 

background dose rates (when the x-ray machine 

is OFF) and the dose rate values when the 

machine is ON. At Gbagada General Hospital, 

the dose rate when the machine is ON is higher 

than the background dose rates in the x-ray room 

and at its entrance. The same is observed at Isolo 

and Igando General Hospitals. This is expected 

since the x-ray machine is the major source of 

and contributor to the radiation level within that 

environment at that instance. The proximity of 

the entrance of the x-ray room to where the x-ray 

machine is installed and the fact that the door 

demarcating the two points is being opened 

frequently would make the dose rate comparison 

at the entrance not too different from what is 

observed inside the x-ray room. At Lagos Island 

General Hospital, the background dose rate is 

approximately same as the dose rate when the x-

ray machine is in use. This shows a very good 

containment of the radiation being emitted from 

the x-ray machine.  

3.1 Mean annual effective dose 

The mean annual effective dose was calculated 

following the hourly dose rates measured at the 

various locations and assuming that a worker 

spends averagely 8 hours in the hospital each 

day.  

 

Annual effective dose =  

Hourly dose rate X 8hours X 336*   

 

….(1)  (Olubosede et al., 2012) 

                         (*336 days =48 

weeks) 

The result is depicted in figure 5 
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Figure 1: Dose rate measurements at Gbagada General Hospital 

 

 
Figure 2: Dose rate measurements at Lagos Island General Hospital 

0

0.1

0.2

0.3

0.4

0.5

0.6

X-ray Room Entrance of X-

ray Room

Patient

Waiting Room

Reception Dark Room Main Entrance

D
o

se
 r

at
e 

(µ
S

v
/h

r)

Machine (OFF) Machine (ON)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

X-ray Room Entrance of X-

ray Room

Patient Waiting

Room

Reception Dark Room Main Entrance

D
o

se
 r

at
e 

(µ
S

v
/h

r)

Machine (OFF) Machine (ON

file:///F:/www.ijssyabatech.com


VOL 7, NO 2, DECEMBER 2021.          www.ijssyabatech.com 
ISSN: 2276-7924    

 

11 | P a g e           VOL 7, NO 2, DECEMBER 2021. ISSN: 2276-7924  www.ijssyabatech.com 

 

 
Figure 3: Dose rate measurements at Isolo General Hospital 

 

 

 
Figure 4: Dose rate measurements at Igando General Hospital 
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Figure 5: Effective doses when the x-ray machine is ON 

 

The mean dose values in the four hospitals 

were within the range of 0.53 – 1.96 mSv 

inside the x-ray rooms, 0.28 -0.41 mSv at the 

x-ray room entrances, 0.24 -0.31 mSv at the 

patients’ waiting room, 0.24 -0.37 mSv at 

Main Entrance. The noticeable variations 

inside the x-ray rooms in the four hospitals 

when the x-ray machine is in use could be as a 

result of the type of x-ray generator, the 

energy of the x-ray machines used and the 

frequency of usage of x-ray machine (Sharma, 

2015; Hassan et. al, 2012). The effective doses 

in the hospitals are much lower than those 

obtained in Haval Zaroka hospital, Iraq 

(Dindar et. al., 2015). 

The fraction of the dose level to which the 

public is exposed to outside the x-ray room 

compared to the dose level inside the x-ray 

room when the machine is in use is an 

indication of the extent of containment of the 

ionizing radiation inside the x-ray room. This 

is shown in table 2. 

 

Table 2: Containment of x-ray radiation within the hospital environment (expressed in %) 

 

Hospital 

x-ray 

room 

entrance 

Patients’ 

waiting 

room 

Reception Dark 

room 

Main entrance 

Gbagada 28.76 17.11 15.98 15.98 26.05 

Lagos Island 14.13 14.13 15.64 14.27 14.27 

Isolo 72.73 44.44 N/A 48.48 44.44 

Igando 32.28 30.16 N/A 28.04 30.69 

   N/A –Not available 

 

Clearly, the best containment of the x-

radiation is seen in Lagos Island General 

Hospital, with lowest possible values recorded 

in all the sample points outside the x-ray room 

compared to what would have been emanating 

from the inside of the x-ray room. The least 

containment of the x-radiation is seen at Isolo 

General Hospital, which at the same time has 

the lowest exposure level  
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inside its x-ray room when compared to the 

exposure levels inside the x-ray rooms of the 

other hospitals (figure 5). 

The international commission for radiation 

protection (ICRP) set the annual limit of 

exposure to ionizing radiation to be 1mSv and 

20mSv (ICRP,1990) respectively for the 

public and radiation workers. Inside the x-ray 

room, the 1 mSv dose limit to the public was 

exceeded at Gbagada and Lagos Island 

General hospitals, but this is of no serious 

threat to the public, since the x-ray room is 

rarely being frequented by the public. At 

Igando General Hospital, the effective dose is 

approximately same as the recommended safe 

limit to the public. The mean annual effective 

dose at the reception, patients’ waiting room 

and main entrance to the x-ray buildings in all 

the hospitals sampled where the public readily 

have access to, is well below 1 mSv, thus 

putting the public and radiation workers in the 

hospitals at no radiological risks. 

 

CONCLUSION 
The radiation dose levels within four General 

Hospitals in Lagos State have been computed 

following the measurement of the dose rates at 

specific locations inside the x-ray buildings. 

Exposure to radiation x-ray emission is 

greatest inside the x-ray room at Lagos Island 

General Hospital and least at Isolo General 

Hospital. A good containment of the 

radiations emitted from the x-ray rooms exists 

in all the sampled General hospitals but most 

especially at Lagos Island General Hospital. 

The exposure to ionizing radiation from x-ray 

emission poses no radiation health risk to both 

workers and the public as mean annual dose 

were below the I.C.R.P. regulatory limit. 

Notwithstanding the present radiological 

safety associated with the use of the x-ray 

machines in the hospitals where this research 

was conducted, there is still need for 

periodical monitoring of environmental dose 

level around the hospitals so that the 

recommended limit of exposure is not 

exceeded at any time.  
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