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ABSTRACT 

This research work involves the measurement of nuclear radiation from the exhaust of fossil fuel 

engines and smoke from cigarette using the Rad Scanner Model 500VBR. The variation of the 

radioactivity concentration with distance from source was demonstrated in the measurement. From 

these measurements, the mean absorbed dose rate and the collective health detriments were 

computed. Exhaust from kerosene combustion gave the highest mean absorbed  dose rate at 249.50 ± 

46.61 nGy/hr while exhaust from 810 kVA diesel plant have the lowest mean absorbed dose rate 

value of 138.45 ± 20.02 nGy/hr. The resulting mean outdoor effective dose equivalent from all these 

exhaust was calculated as 440.06 ± 76.50 µSv/y which is still below the 1 mSv/y limit stipulated by 

ICRP. The collective health detriment was estimated at 3 man/y for the study area, which may 

increase due to important factors like the hour of exposure and the population density. 
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INTRODUCTION 

Radiation isa significant organ of lifeand technological advancement in the world.The  

energy  sources  present  in  fossil  fuels  today  represent  solar  energy  collected  by  life  forms  

over  more than two hundred  million  years  ago (Priest, 1984). Radiation haspermeated many aspect 

of humanendeavor likeindustrial processes, power generation,medicaldiagnosis and treatments 

(Sakamoto et al, 1997, Edward 1985).Radiation is energy in the process of being transmitted. It may 

take such forms as light or tiny particles much too small to see. Radiation particularly associated 

with nuclear medicine and the use of nuclear energy, along with X-rays, is 'ionizing' radiation, which 

means that the radiation has sufficient energy to interact with matter, especially the human body, and 

produce ions, i.e. it can eject an electron from an atom. 

Ionizing radiations are energetic alpha particles, beta particles, neutrons, high frequency 

ultraviolet rays, x-rays and gamma rays. Also, ionizing radiation comes from radioactive materials, 

x-ray tubes, particle accelerator, nuclear fission, and nuclear fusion. It is present in the environment, 

invisible and not directly detectable by human senses but by radiation detectors (Ike, 2010).They can 

be further classified into particulate radiation (alpha and beta particles) and electromagnetic radiation 

{X-rays and Gamma rays). The trio of alpha particles, beta particles, gamma rays, make up nuclear 

radiations because unlike X-rays, emanation of these radiations stems from nucleus of the atom. 

Dutcher et al characterized different radiolabeled diesel exhausts with respect to their 

potential use in studies of the biological fate of exhaust carbon particles and particle-associated 

organic compounds in order to evaluate the potential health risks associated with increased use of 

diesel engines. A single-cylinder diesel engine was used to burn diesel fuel containing trace amounts 

of 
14

C-labeled hexadecane, dotriacontane, benzene, phenanthrene or benzo(a)pyrene. Greater than 

98% of the 
14

C in all additives was converted to volatile materials upon combustion. The remainder 

was distributed in varying amounts between the carbon particles and particle extracts. Column 
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chromatography of the particle extracts showed that, in most cases, the majority of the radioactivity 

eluted in fractions identical to the specific fuel additive employed, suggesting that a large amount of 

the particle-associated organic compounds consisted of uncombusted fuel constituents. Applying an 

electrical load to the engine increased carbon particle radioactivity, but had variable effects on the 

amount of radioactivity in the particle extracts. 
67

Ga-tetramethylheptanedione was also studied as a 

fuel additive to label carbon particles. 
67

Ga was incorporated into the exhaust particles and lung 

deposition of particles in rats was found to be approximately 10%. However, the 
67

Ga-radiolabel was 

found to separate from the particles in vivo, making it an unsuitable radiolabel for studying the long-

term lung retention of diesel exhaust carbonaceous particles (Dutcher et al 2010). 

Radiation arising from human activities typically accounts for up to 20 % of the public's 

exposure every year as global average. This radiation is no different from natural radiation except 

that it can be controlled. X-rays and other medical procedures account for most exposure from this 

quarter. Less than 1% of exposure is due to the fallout from past testing of nuclear weapons or the 

generation of electricity in nuclear, as well as coal and geothermal, power plantsJaworowski (1999). 

Radioassay of the established fossil fuels found in Nigeria has been carried out using a combination 

of gamma and total reflection X-ray fluorescence (TXRF) spectrometry. Results indicated that of the 

three fossils, bitumen has the highest natural radioactivity. This was followed by coal.The mean 

natural radioactivity measured in the crude oil samples was quite low compared to those determined 

for the other two fossilsMokobia et al, 2006.  

The aim of this research is to determine the activity concentration of radionuclides present in 

the exhaust from the combustion of fossil fuel and cigarette. The objective of this research is as 

follows: 

i.) Identify sources of exhaust having high activity concentration and observe if there are 

variation in concentration with distance.  

ii.) Compute the mean outdoor effective dose equivalent and compare with dose limits stipulated 

by the International Council for Radiological protection (ICRP). 

iii.) Estimate the collective health detriment on the people living in the study area due to exposure 

from these sources and obtain a baseline data for health effect from exposure of any human. 

 
RESEARCH METHODOLOGY 

Since fossil fuels and cigarettes have been identified as potential sources of absorbed dose, this 

research is aimed at detecting possible levels of human exposure and to compare it with the 

maximum permissible level (MPL) so as to deduce possible effect on humans and give 

recommendations. It will also compare the absorbed dose from these different sources at possible 

distances and identifythe one posing the highest threat. 

 
CHOICE OF SITE 

Measurements were taken directly at the point of exhaust from the targeted sources(plant,cooker, and 

cigarette). The measuring equipment (Rad-scanner) was placed right inside the exhaust for proper 

detection.Counted values were recorded differently at a spot for 5 minutes and the average was taken 

for better accuracy. However, since the radiation source cannot be shielded from its environment, the 

detector does not distinguish the radiation source rather it measures all absorbed radiation whether it 

comes from the environment or from the potential radiation source.  
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MEASURING INSTRUMENT 

An adjustable measuring tape was used to measure the length in meters from the exhaust outlet. The 

instrument used for the detection and also counting of radiation doses is the Rad Scanner Model 500. 

The Rad Scanner Model 500 can detect gamma rays, alpha and beta particles. For each individual 

particle detected, the scanner indicates this by flashing the red LED. This mode of operation is the 

pulse mode. In the pulse mode, the detector measures the number of nuclear particles detected that 

minute in counts per minute and when this exceeds 1095 counts per minute or 10µGy/hr (NRC 

maximum safe working level) (NRC, 2012), it indicates this by giving a continuous tone. The 

detection medium in the scanner is the Geiger tube. When an ionizing particle enters the counter, 

ionization takes place and a few ions are produced. If the applied potential difference is strong 

enough, these ions are multiplied by further collisions. These movement of electrons is what 

generates the current impulse which is later amplified so that single particles can be registered. The 

detector can also give cumulative counts in counts per hour. In this mode, the number of counts over 

a longer time period can be collected and displayed on the screen.  

 

RESEARCH  PROCEEDURES        

The exhaust outlet was chosen as the reference point. Starting from this reference point, five 

distances were measured at an interval of one metre using the measuring tape and were clearly 

marked. When possible and safe, the radiation scanner was placed at distances directly facing the 

exhaust outlet with few exceptions where the exhaust outlet is not easily accessible and placing the 

detector directly opposite the exhaust outlet may coat the detecting medium with smoke particles 

which may affect the sensitivity and the accuracy of the radiation scanner. 

At OSRC and Chicken Republic, a distance 2.2 metres and 1.5 metres respectively were chosen as a 

secondary reference point directly below the exhaust outlet and measurements were taken with 

respect to this secondary reference while at Access Bank, the detector was placed perpendicularly to 

the exhaust outlet because the exhaust outlet is directed upwards. At a particular distance where the 

detector is placed, counts per minute were observed for 5 different minutes using the radiation 

scanner and the stopwatch and these measurements were recorded. 

 

QUANTITIES USED IN DOSIMETRY 

A  measure  of  the  energy  absorbed  in  matter  is  the  dose.  It  is  used  in  dosimetry  for  energy  

absorbed  per  unit  mass  of  material. It  may  be  measured  in  Joules/kilogram  and  represented  

by  the  equivalent  SI  unit, gray (Gy). 

      1  

Where dE is the mean energy imparted on a volume element by an ionizing radiation and dm is the 

mass of volume element. 

 Absorbed  dose  depends  not  only  on  the  incident  radiation  but  

also  on  the  absorbing  material. For  instance, a soft X-ray  beam  may  deposit four  times  more  

dose  in  bone  than  in  air  and  none  at  all  in  a  vacuum. The  rate  at  which  energy  is  

transferred  to  a  material  by  a  radiation  beam  is  the  dose  rate. It is  measured  in  gray/second. 

However,  the  absorbed  dose  rate  is  not  an  adequate  indicator  of  likely  health  consequences  

because  the  same  absorbed  dose  of  same  type  of  radiation  poses  different  health  risks. For  

example,  one  gray  of  alpha  radiation  would  carry a  much  greater  risk  than  one  gray  of  
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gamma  radiation  because  the  individual  ionizations  are  more  closely  spaced  along  the  short  

track  of  alpha  particle  in  tissue  than  in  the long  track  of  gamma  radiation.    

    A  more  convenient  unit  of  dose  which  

allows  for  observed  differences  in  biological  effectiveness  per  gray  of  ionizing  radiation  is  

the  Sievert. 1 gray  of  alpha  radiation  is  equivalent  20 Sieverts  while  1 gray  of  gamma  

radiation  is equivalent  to 1 Sievert. 

Dose  Equivalent : This  term  specifies  the  biological  effect  of  a  particular  type  of  radiation. 

It’s unit  is  Sievert(Sv). The  dose  equivalent  is  the  product  of  the   absorbed  dose (D)  and  the  

quality factor (Q.F).   

Quality  Factor: this  is  the  relative  biological  effectiveness  of  the  radiation  type.  

Table 1 :Quality  Factors  for  Different  Radiation 

Radiation Quality  Factor 

Electron           1 

Thermal  Neutrons (0.025 MeV)           1 

X-rays           1 

Gamma rays           1 

Fast neutrons ( 1-10MeV)           10 

Alpha particle           20 

Proton           10 

Effective  Dose :  This  is  the  radiation  quantity  that  takes  into  account  the  radio sensitivity 

of  individual  organ. 

        2   

A measure of the radiosensitivity for different tissues called the tissue-weighting factor is given in 

Table 2 below.        

Table 2: Risk weighing factors for different tissues ( ICRP, 1990) 

Organ Weighting factor (WT) Risk Factor × (10
-3

) 

Gonald 0.25 4.00 

Breast 0.15 2.50 

Red bone marrow 0.12 2.00 

Lung 0.12 2.00 

Thyroid 0.03 0.50 

Bone 0.03 0.50 

Remainder 0.30 5.0 

Total 1.00 16.5 

A common  unit  of  absorbed  dose  is  the  rem  which  is  equivalent  to  one-hundredth  of  a  

Sievert. 
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Collective Effective Dose  
The total impact of the radiation exposure due to a given practice or source depends on the number 

of individuals that is exposed as well as the dose received. The collective effective dose SE to any 

group is the summation of the products of the mean effective dose HE in the various sub-groups of 

the exposed people and the number Ni of individual given as : 

    (Man-Sv)     3  

The risk of having different health effects on an individual within a given population is given as : 

         4   

 where Pi is the probability that the individual will have an effect i.           

   For a homogenous population of N individuals, the collective health detriment 

G is given as:          5 

  where gi is the severity factor of the effect i.     

  

The collective health detriment G on a population of N people can be written in terms of the 

collective effective dose SE given as:         

   ( man )      6  

 where RT is a constant of proportionality called the total risk factor. 

 

RESULTS  

Absorbed Dose Rate   

The Absorbed Dose Rate in air at about 1.0 m above the ground have been calculated by converting 

the measurement values gotten from the Rad Scanner in Cpm (Count per Minute) to μGyhr
-1

. This 

was achieved by using the equation below: 

 Absorbed Dose rate in Air (μGyhr
-1

) =   7 

 The absorbed dose rate for each of the exhaust sources at a particular distance were computed 

in nGy/hrand organized as shown in Table 3. It was observed that the exhaust from kerosene has the 

highest mean absorbed dose rate at 249.50±46.61 nGy/hr followed by cigarette with a mean absorbed 

dose rate of 246.95±50.65 nGy/hr, while the lowest mean absorbed rate was observed in the 

810KVA diesel engine power plant used by OSRC at 138.45±20.02 nGy/hr followed by the 60KVA 

diesel engine power plant at Access Bank with a mean absorbed dose rate of 143.56±27.54 nGy/hr. 

This results may have been affected by the background radiation present in these places because 

measurements at OSRC and Access bank were carried out in an open environment where there is air 

in abundance compared with measurements from cigarette and kerosene combustion that were done 

within the confinements of a building. This implied that activity concentration in a medium become 

more significantly worrisome, when in a confined environment.  
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Table 3: Absorbed Dose Rate (nGy/hr) for Different Exhaust Sources 
DISTANCE  

           (m) 

 

EXHAUST 

SOURCES 

1.00 

 

2.00 3.00 4.00 5.00 Mean 

Absorbed 

Dose Rate 

(nGy/hr). 

Cigarette 263.01±69.68 253.88±56.44 275.86±56.71 226.48±21.92 215.53±48.49 246.95±46.61 

Diesel Plant 

(810 KVA) 

138.81±22.65 160.73±34.98 127.85±12.88 136.99±23.84 127.85±5.75 138.45±20.02 

Diesel  

Plant (100 

KVA) 

199.09±26.12 189.95±52.42 189.95±23.38 162.56±27.95 191.78±59.73 186.67±37.92 

Diesel Plant 

(60 KVA) 

158.90±39.45 144.29±19.54 118.72±31.14 153.42±14.61 142.47±32.97 143.56±27.54 

Diesel 

Engine 

Vehicle 

206.39±26.21 173.52±17.35 164.38±23.83 184.48±36.26 169.86±42.28 179.73±29.19 

Diesel 

Engine    

( Lister) 

160.73±26.21 169.86±25.57 202.74±31.32 189.95±36.26 171.69±32.33 178.99±32.33 

Gas Cooker 250.23±40.27 221.01±17.72    235.62±28.96 

Kerosene 

Stove 

268.49±12.42 259.36±25.94 222.83±67.76 275.80±89.77 221.00±37.17 249.50±46.61 

Petrol 

Generator 

(2.0 KVA) 

195.43±26.21 180.82±15.71 208.22±37.17 184.48±41.01 239.27±47.40 201.64±33.50 

Petrol Plant 

(0.95 KVA) 

219.18±38.72 204.57±14.89 188.13±49.86 215.53±38.54 242.92±48.49 214.07±38.10 

Petrol Plant 206.39±26.21 173.52±17.35 164.38±23.83 184.48±36.26 169.86±42.28 179.73±29.19 

Petrol 

Engine Car 

189.95±43.38 168.04±14.89 250.23±56.16   202.74±38.14 

Petrol 

Engine Jeep 

191.78±32.51 176.53±31.23 194.80±34.98 225.30±21.19 240.46±31.32 205.77±30.25 

 

It was observed that there was no regular trend for the absorbed dose rate for increasing distances 

according to the inverse square law. This observation may best be justified on the basis of the motion 

and direction of air which affects the spread and accumulation of the exhaust at every points. 

Another critical factor worth considering is that it is almost impossible to completely isolate the 

system from its surroundings. It was well experienced that during the course of measurements, there 

are other contributing radiation sources that can affect the counts per minute measured by the 

detector thus affecting results. 

 

Outdoor Effective Dose Equivalent 

To estimate the outdoor effective dose equivalent in any environment, the two factors of importance 

are the conversion factor from Gyhr
-1

 to Svy
-1

 and the Occupancy factor. The former gives the 

human dose equivalent (Svy
-1

) from the absorbed dose rate in air (Gyhr
-1

) while the latter gives the 

fraction of the time that an individual is exposed to outdoor radiation. The first factor has been 

recommended by the United Nation Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR, 1988, 2000) as 0.7 SvGy
-1

 and the second factor as 0.2, which suggest that an average 
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individual stays about 4.8 hours outdoor daily. For this research, the second factor was chosen to 

describe the number of hours an average person is exposed to these sources. It is the ratio of the 

occupancy factor to the total number of hours in a day. The occupancy factor is the number of hours 

an average individual is exposed to these radiation sources.  

The mean Outdoor Effective Dose Equivalent (OEDE)  is calculated thus: 

OEDE (Svy
-1

) = Conversion factor (0.7Sv/Gy) x Occupancy factor (number of  hrs/day) x 365.25 

days per year x Mean Absorbed Dose Rate in Air (nGyhr
-1

)    8 

 

Table 4: Mean Outdoor Effective Dose Rate Equivalent for Different Exhaust Sources. 
Exhaust Source Mean Absorbed Dose 

Rate (nGy/hr) 

Occupancy Factor 

(hrs/day) 

Mean Outdoor Effective 

Dose Equivalent 

(µSv/yr) 

Cigarette 246.95±46.61 4 252.56±47.67 

810 KVA Diesel Plant 138.45±20.02 15 530.97±76.78 

100 KVA Diesel Plant 186.67±37.92 12 572.72±116.34 

60 KVA Diesel Plant 143.56±27.54 12 440.46±84.50 

Diesel Engine Vehicle 179.73±27.19 8 367.62±55.61 

Diesel Engine (Lister) 178.99±32.33 10 457.63±82.66 

Gas Cooker 235.62±28.96 6 361.46±44.42 

Kerosene Stove 249.50±46.61 6 382.47±71.50 

2.0 KVA Petrol Generator 201.64±33.50 10 515.54±85.65 

0.95 KVA Petrol Generator 214.07±38.10 10 547.32±97.41 

Petrol Generator (1.0 KVA) 179.73±29.19 10 459.52±74.63 

Petrol Engine Car 202.74±38.14 12 622.03±117.02 

Petrol Engine Jeep 205.77±30.25 4 210.44±40.33 

Mean ( Result) 197.19±33.57  440.06±76.50 

 

Calculation of Collective Effective Dose Equivalent 

The Collective Effective Dose Equivalent to N population is a measure of the collective detrimental 

effects and the percentage of people at risk of incurring radiation induced diseases due to exposure to 

exhaust inhalation. This was calculated for the whole of Akure environ (and could be applicable to 

every other area) using equation 3 given by ICRP (1990). This equation 3 shows a direct 

proportionality between the average annual effective dose equivalent and the exposed population. 

The collective dose equivalents SE for Akure area have been calculated using the average annual 

effective dose equivalent shown in Table 4.2 and the projected population figure for Akure in the 

year 2014 was estimated to be 420,594 (2014 World Population Review). The collective effective 

dose (SE) for Akure area is calculated thus: 

 SE (Man-Svy
-1

) = OEDE (Svy
-1

) x Total Population.    8 

The result obtained for the collective effective dose equivalent is 185.087 ± 32.18 Man-Svy
-1

. 

 

Collective Health Detriment 

The linear no threshold relationship between dose equivalent and health risk has been employed in 

this work to relate the absorbed dose from the exhaust to the risk of incurring detrimental health 

effects in Akure. This risk, G, to the people of Akurewas estimated using equation 6. The number of 

individuals at risk of incurring fatal cancer as a result of nuclear radiation emitted from exhaust in 

Akure is 3 Man/y. However, this result is subject to the number of hours spent absorbing the 

radiation, the nature of the engine or cigarette producing the smoke and the background radiation 
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present in that place. These highlighted factors are all variables which varies from place to place and 

will consequently affect the result. 

 

Conclusion 

The fact remains that the combustion of fossil fuels and cigarettes poses great environmental hazard 

and health risk to the entire population. As a result of this research, the mean outdoor effective dose 

equivalent computed as 0.44mSv/y is still lesser than the 1mSv/yr limit stipulated by both NCRP and 

ICRP (NCRP 1975, ICRP 1990) for the general public, however, the computed result gotten for the 

collective health detriment at 3Man/y has shown that nuclear hazards from this sources cannot be 

deemed negligible particularly in industrial areas and working environment where people spend long 

hours exposed to these sources. People who are exposed can therefore suffer the risk of cumulative 

doses. 
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