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ABSTRACT

Aims: To determine the gamma dose rates and radionumideentration levels in soil
samples from the Federal University of Technold@werri, Nigeria.

Study Design:Sixty (60) soil samples were collected at diffédecations in the Federal
University of Technology, Owerri, Nigeria. Each paeed sample was placed symmetrically
on top of a lead-shielded Nal (TI) detector for meament.

Place and Duration of Study:Federal University of Technology, Owerri, Nigef@tween
April 2013 and October 2013.

Methodology: A y-ray spectrometry in the Radiation and Health RtsyRiesearch
Laboratory, University of Ibadan, Nigeria was enygld to carry out the radioactivity
measurement of the 60 soil samples. The activibcentrations, absorbed dose rate in air as
well as annual effective dose equivalent were dated.

Results: The activity concentrations 8%, 2°Ra and?**Th ranged from

21.90+1.62Bgkd — 142.45+1.37Bgky < 3.65Bgkg - 36.01+2.25Bqkd and

<4.43Bgkg" — 43.87+0.75BgK{ respectively. The average absorbed dose rate al@sated
as 25.99+8.35nGyhwhile the annual effective dose equivalent rarfgeveen 9.39uSvy
and 56.83uSvy with an average of 31.89+10.25uSvyhese values are less than the world
average values of absorbed and effective dosednainec51nGyt and 70uSvy

respectively.

Conclusion: Human activities and the presence of radioactiwveerls on the campus of the
Federal University of Technology, Owerri, Nigeriavie not increased the radionuclide
concentrations in the university environment beysafety limit.

Keywords: Federal University of Technology, Owerri, Nigerg@mma spectrometry; natural
radioactivity; soil.
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1. INTRODUCTION

There are two kinds of radiation according to tleeigin: natural and artificial radiation.
Natural radiation comes from cosmic rays from osfgce and naturally occurring
radioactive materials (NORMS) that exist in food,aad our natural habitat while exposure
in medical practice mostly due to diagnostic X-tayantributes the largest fraction of
human'’s exposure to artificial radiation. About 90%human radiation exposures arise from
natural sources [1]. Significant naturally occugriadionuclides present in the soil &f&J,
232Th and*K [2]. These radionuclides are not uniformly disttéaihence, the knowledge of
their distribution in soil plays an important rateradiation protection. Soil not only acts as a
source of continuous radiation exposure to humahsalso as a medium of migration for
transfer of radionuclides to biological systems [#nce, the basic indicator of radiological
contamination in the environment is the soil [4heTunderstanding of the decay chain where
series of stepwise decay in terms of half-liveswflei of unstable radionuclides lead to
stable states in form of other nuclides is venapayunt. Alphad) and betaff) particles are
given off while gammay{ radiation is emitted. High levels of uranium ahdrium and their
decay products in rock and soil are the main sesunédigh natural background radiation.
There is a continuous bombardment of human andrhisonment by these (radionuclides)
ionizing radiations [5]. The long term exposuraitanium and radium through inhalation has
several health effects such as chronic lung diseaseite leucopoenia, anaemia and necrosis
of the mouth. Radium causes bone, cranial and nasalurs. Thorium exposure can cause
lung, pancreas, hepatic, bone, kidney cancerseankémia [6]. Therefore, gamma dose
rates and radionuclides activity concentrationsighbe monitored because of their health
implications. The Federal University of Technolo@®uerri (FUTO) Nigeria was one of the
four federal universities of technology establishgdhe Federal Government of Nigeria
(FGN) in 1980. It is located in the South-East®igeria. The University is surrounded by a
number of autonomous communities and homestead$watich had contributed land
acquired for the development of the University. 3wneommunities are lhiagwa, Obinze,
Umuoma Nekede, Eziobodo, Avu, Okolochi, Obibiezand Emeabiam. The University is
situated 25km south of Owerri, the Imo State capital between the western external
tangent (Owerri-Portharcourt Road) and the easteternal tangent (Owerri-Aba Road). It is
bisected by a new road between Obinze and Nazehwebitnects the two mentioned major
roads. The Otamiri River traverses FUTO from Naatisouth and the University has the
land area of 4.05xIM? and the staff/students’ strength of about 16,@Mhdidly, no
radiological measurements have been carried oahdraround the campus of FUTO.
Baseline measurement of activity concentrationlfeirea natural environment like that of
FUTO offers the opportunity to document presentditoons in order to scientifically assess
future effects due to other external factors suchuanan activities. Besides, since radiation
cannot be felt by the human sense organs, it isiitapt that the total amount of radiation
emitting-NORMs in an area is known and kept to iy Wew level in order to safeguard the
live of the people and ensure radiation-polluticefenvironment. The purpose of this work
is essentially, therefore, to: (1) determine thengea dose rates and radionuclide
concentration levels in the soil samples from FUTZ).obtain radiometric data for future
reference and research in the area.



2. MATERIALS AND METHODS
2.1 Sample Collection and Preparation

Sixty soil samples were collected at different tawas in the Federal University of
Technology, Owerri, Nigeria. The samples were aed] crushed and homogenized. The
homogenized samples were packed and sealed ifcpiastainers. A time of four weeks
was allowed after packing and sealing to attaimisecadioactive equilibrium between
Uranium and Thorium series and their short-livedghder products [7]. Each container
accommodated 0.2kg of the sample.

2.2 Experimental Set-up

The detector used for the radioactivity measurememass a lead-shielded 76mmx76mm
Nal(Tl) detector crystal (802 Series, Canberra)looupled to a Canberra Series 10+
multichannel analyser (MCA) (model no. 1104) throwigpreamplifier. It had a modest
resolution of about 8% at 662 keV. It was due ®pbor resolution of the detector that high
and clean peaks with less continuum were usedifiédnteference materials used were
IAEA/RGK-1 (K2SQy), IAEA/RGU-1 (U-Ore) and IAEA/RGTh-1 (Th-Ore). Tlaetivity
concentration of*“Bi (determined from its 1.760MeV gamma-ray peak} whosen to
provide an estimate 6fRa ¢%U) in the samples, while that of the daughter radadide
298T| (determined from its 2.615MeV gamma-ray peakywhosen as an indicator’3fTh.
Potassium-40 was determined by measuring the 1.4800&Amma rays emitted during its
decay. All the obtained raw data were convertetbtosentional units using calibration
factors. Each sample was placed symmetrically profahe detector and measured for a
period of 8h (28,800s).The net area under the sporeding peaks in the energy spectrum
was computed by subtracting counts due to Comptatiesing of higher peaks and other
background sources from the total area of the péaksn the net area, the activity
concentrations in the samples were obtained usihg [

C (Bgkg™) =k C, (1)

wherek =

,C is the activity concentration of the radionuclidehe sample given in

eP,Mq

Bgkg®, C, is the count rate under the corresponding pemkihe detector efficiency at the
specific gamma-ray energl, is the absolute transition probability of the spegamma
ray andM;s is the mass of the sample (kg). The detectiort BIL) of a measuring system
describes its operating capability without theuefice of the sample. The DL given in
Bgkg®, which is required to estimate the minimum deteletactivity in a sample, was
obtained using [9].

DL (Bgkg™) = 4.65%k 2)

b

whereC, is the net background count in the correspondeakfy, is the background
counting time (s) ank is the factor that converts counts per second topactivity
concentration (Bgkg) as given in Equation (1). The detection limitsadted in this study



were 16.96Bgkd, 3.65Bqkg" and 4.43Bqkd for °K, #°Ra and®*Th respectively. All
activity concentrations below these computed vaéuegaken in this study as being below
the detection limit (BDL) of the detector and aresented as <16.96Bdkg<3.65Bgkg" and
<4.43Bgkg" for *K, ?Ra and™?Th respectively.

3. RESULTS AND DISCUSSION

The locations of samples are shown in Figure (#l)the activity concentrations of natural
radionuclides K, **Ra and?**Th) at different locations are listed in Table (1).

From Table (1), the activity concentration*df was highest at FUTO Microfinance Bank
(142.45+1.37Bgkg). This high value could be due to the presendbefadioactive mineral
such as feldspar and the presence of loamy andseldiynents [10]. The least activity
concentration of% was found at FUTO Business Premises (21.90+1.88B)x The highest
activity concentration o?°Ra was found at the Pre-degree Unit (36.01+2.25BjKthis

high value could be due to the high presence ofgtimactive minerals such as zircon and
monazite [1]. However, the concentration$8Ra at FUTO Back Gate, Hostel A and FUTO
Consult Ltd were below detection limit. The highastivity concentration df?Th was

found at Main Library (43.87+0.75BqRyand this high value could be due to the presence
of zircon and monazite [11]. Th-232 was not deteletat 750 Capacity Building.
Furthermore, the mean activity concentration&¥¢f >*Ra and**Th which were

90.18Bgkd', 17.88Bgkg" and 22.82Bqgkg respectively compared well with other studies in
Nigeria {South-South: 34.80BqKy 16.20Bgkd and 24.40Bqgk{ for “K, **Ra and

232Th [12]; North-Central: 229.40BqKg 7.80Bakd' and 29.40Bgk{ for *K, ?*Ra and

232Th [13]}. Besides, the mean activity concentratiémshis study were less than the world
average values of 420Bqkg50Bgkg* and 50Bakd for “K, ?*Ra and®**Th

respectively [14].



FUTO MASTER PLAN SHOWING VARIOUS SAMPLE LOCATIONS
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Fig. 1: Map of the Study Area




Table 1: Activity Concentrations of the Radionuclices at Different Locations.

Sample ID  Sample Locations ‘%K (Bgkg™ **Ra (Bgkg?) Z4Th (Bgkg™)
1 PG School Lecture Thea 134.25+1.3 11.21+4.8! 34.42+0.7:
2 Pre-degree Unit Building B&1.41 36.01+2.25 35.42+0.77
3 SAAT Building 140.45+1.37 .08+3.61 23.51+0.81
4 Main Library 125.96+1.39 22+3.15 43.87+0.75
5 Potluck Fast Food 113.23+1.41 22.92+3.11 33.9840.77
6 FUTO Microfinance Ban 142.45+1.3 30.37x2.5 41.11+0.71
7 Afrihub Building 125.44+1.3 32.03x2.4 37.030.71
8 SOHT Building 87.23+1.45 25t2.83 18.41+0.83
9 ETF Biological Sciences Binfgl 142.02+1.37 26.90+2.76 30.86+0.78
10 Endowment Lecture Theatre Hall 103.55+1.42 26.54+2.76 5.07+0.95
11 SMAT Building 125.96+1.39 2842.96 33.03+0.77
12 SOSC Extensic Building 125.44+1.3 2451+2.9 29.06+0.7:
13 FUTO Main Gate 100.67+1.42 7432 .93 30.86+0.76
14 Senate Building 50.60+1.51 6953.21 6.32+0.87
15 University Staff Primary Schoo 88.45+1.43 15.40+3.28 19.58+0.78
16 Management Technology Building 68.65+1.47 22.85+2.55 26.19+40.77
17 FUTO Business Premises 2191 19.81+2.85 14.1840.82
18 ASUU Secretari 134.51+1.3 19.89+2.9! 27.77+0.7
19 SAAT Academic Staff Offices .58+1.48 20.97+2.75 22.15+0.78
20 Junior Staff Quarters 77.0361. 16.34+3.16 28.18+0.76
21 Professorial Quarters 63.68%1. 10.99+4.08 29.5040.76
22 BCH Building 76.07+1.46 6.3622 25.72+0.77
23 SOSC New Lecture Theatre 8R181 10.92+4.81 5.58+0.90
24 FUTO Bus Par 88.28+1.4: 21.62+2.6! 18.81+0.7!
25 FUTO Cafeterias 86.45+1.44 39262.82 18.81+0.80
26 Diamond Bank Building 75.541. 4.70+2.19 8.85+0.88
27 Chemical Engineering Building 72.23+1.47 14.32+3.51 21.60+0.78
28 Hostel C 92.21+1.43 6.44+2.24 15.91+0.81
29 STACC 94.30+1.43 17.14+3.16 .02#0.77
30 FUTO Back Gate 55.39+1.52 3.6 15.21+0.83
31 Senior Staff Quarters 98.4821. 16.70+3.21 24.73+0.78
32 SOSC Building 70.40+1.47 29222 21.82+0.78
33 Convocation Square 72.84+1.48 4.77+2.90 25.61+0.78
34 Hostel A 77.81+1.47 <3.65 6601
35 Mechanical Engineering Buildil 98.75+1.4; 18.66+2.9 24.1740.7:
36 Hostel D 96.65+1.43 6.94+2.22 22.81+0.79
37 National Maritime Building 6+1.42 8.60+4.61 19.66+0.80
38 Lecture Hall Il 76.15+1.46 46+3.20 21.12+0.79
39 ECOBANK Building 73.45+1.47 .80+2.77 21.5740.78
40 Old Registry Block 80.34+1.46 22.85+2.67 29.72+0.76
41 Medical Centre 56.96+1.51 Ba4614 14.6240.83
42 Hall of Mercy 93.43+1.43 22+2269 20.65+0.80
43 500 Capacity Building 89.8544. 15.40+3.35 17.63+0.80
44 Scholarship Residential Bunggi 88.54+1.44 11.06+4.00 21.90+0.78
45 Sunic Fast Food 107.82+1.40 5162.23 18.88+0.80
46 FUTO ICT 90.64+1.43 26.83+2.35 20.94+0.79
47 Pilot Library 94.47+1.4: 9.40+4.4: 29.72+0.71
48 Directorate of General StudBesiding 90.20+1.44 19.67+2.93 27.9240.77
49 SEET Lecture Theatre 37.77#15 20.25+2.84 21.90+0.78
50 Hostel B 80.78+1.45 13.38+3.66 21.53+0.78
51 Hostel E 120.56+1.38 20.5482.7 20.79+0.78
52 Workshop Il 74.7611.4 20.39+2.8I 14.36+0.8.
53 CCE Unit 99.27+1.42 19.96+2.82 25.13+0.77
54 Department of Computer Sci Liab 85.75+1.44 23.28+2.56 27.1140.76
55 Works Department Building 5:0.50 4.05+2.15 16.31+0.81
56 FUTO Consult LTD 104.33+1.41 <3.65 18.26+0.81
57 FISO Building 81.30+1.44 11385 15.06+0.81
58 Workshop I 103.55+1.41 20.280 20.39+0.79
59 SEET Building 93.16+1.43 15386 27.52+0.77
60 750 Capacity Building 35.5(04.. 24.95+2.46 <4.43




3.1 Absorbed Dose Rates (D)

The absorbed dose rate, D (nGyhin air at 1m above the ground level is calcuaising
the equation [14]:

D =aCg, + bC, + cCx + dCcs (3)

Wherea is the dose rate per uAffRa activity concentration (4.27x1%GyhY/Bgkg™), Cra is
the concentration 6f°Ra in the sample (BgKY, b is the dose rate per URTETh activity
concentration (6.62xI0Gyh"/Bgkg*), Cm is the concentration #“Th in the sample
(Bgkg™), cis the dose rate per ufifK activity concentration (0.43x18Gyh™*/Bgkg*), Cx is
the concentration dfK in the sample (Bgkg), d is the dose rate per unitCs activity
concentration (0.30x18Gyh"/Bgkg?) andCcs is the concentration df'Cs in the sample
(Bgkg). Since Caesium-137 was not detected in any o§aheples, the last term in
Equation (3) was taken as zero. Using Equatiomi(8)the activity concentrations of the
radionuclides in Table (1), absorbed dose rategebetween 7.65nGytand 46.31nGyh
whereas the average absorbed dose rate was catta25.99+8.35nGywhich is less
than the world average value (51nGyf#14]. Absorbed dose rate values are presented in
Table (2).

3.2 Annual Effective Dose Equivalent (AEDE)

The absorbed gamma dose rates in air are usubdhgdeo human absorbed gamma dose in
order to assess radiological implications. In assgshe outdoor effective dose equivalent to
members of the population, two important factorsensnsidered. The first was a factor that
converted the absorbed dose rates (§yh air to human outdoor effective dose rates ($vy
while the second factor gave the proportions oftth@ time for which a typical individual
was exposed to outdoor or indoor radiation. TheidédhNations Scientific Committee on the
Effects of Atomic Radiation [14] has recommendetRIGy" as the value of the first factor
and 0.2 and 0.8 as for outdoor and indoor occupattyrs respectively. This second factor
implies that the average individual spends abouiéstday outdoors. In this study, only
outdoor exposure from gamma-ray sources due todheentrations of NORMs in the soill
was considered. The annual effective dose equivedsnlting from the absorbed dose rate
values was calculated using the equation as recowheadeby [14].

AEDE=TfQD¢ 4)

where AEDE is the annual effective dose equivalgBivy'), T is time (being 8766h3) f is
the outdoor occupancy factor that corrects foratberage time spent outdoors (0Q)is the
guotient of the effective dose rate and absorbee date in air (O.YSvdy, £'is a factor
converting nano (I%) into micro (1) andD is the absorbed dose rate in air (nGyThe
values obtained are presented in Table (2).



Table 2: Absorbed Dose Rates and Outdoor EffectivBose Rates at Different

Locations.
Sample ID Sample Locations Absorbed Dos&ates (nGyh'!)  Effective Dose Rates (USVY)

1 PG School Lecture Thea 33.3¢ 40.92

2 Pre-degree Unit Builglin 43.71 53.64
3 SAAT Building 29.32 95.

4 Main Library 44.16 5@.1
5 Potluck Fast Food 37.15 45.59

6 FUTO Microfinance Ban 46.31 56.8:

7 Afrihub Building 43.5¢ 53.4¢

8 SOHT Building 26.96 33.
9 ETF Biological Sciend&slding 38.02 46.66
10 Endowment Lecture Theatall 19.14 23.49
11 SMAT Building 37.81 46.4
12 SOSC Extension Buildir 35.1¢( 43.07
13 FUTO Main Gate 30.63 587.
14 Senate Building 13.06 .08
15 University Staff Prima®ghool 23.34 28.65
16 Management Technologjldug 30.05 36.87
17 FUTO Business Premises 8.7 23.06
18 ASUU Secretari 32.6¢ 40.0¢
19 SAAT Academic Staff @fs 26.55 32.58
20 Junior Staff Quarters .928 35.52
21 Professorial Quarters .986 33.09
22 BCH Building 23.01 28.24
23 SOSC New Lecture Theatre 12.18 14.94
24 FUTO Bus Par 25.4¢ 31.2%
25 FUTO Cafeterias 24.88 .530
26 Diamond Bank Building A1 13.64
27 Chemical Engineering IBimg 23.52 28.86
28 Hostel C 17.25 21.17
29 STACC 29.27 35.93
30 FUTO Back Gate 12.45 285.
31 Senior Staff Quarters 727 34.04
32 SOSC Building 29.88 .6
33 Convocation Square 22.12 27.15
34 Hostel A 7.65 9.39
35 Mechanical Engineering Buildii 28.21 34.6:
36 Hostel D 22.22 27.27
37 National Maritime Buihdj 20.81 25.54
38 Lecture Hall Il 24.26 .28
39 ECOBANK Building 26.33 232
40 Old Registry Block 32.89 40.36
41 Medical Centre 16.67 4%0.
42 Hall of Mercy 27.26 38.4
43 500 Capacity Building 247 27.13
44 Scholarship Resideriiailding 23.03 28.26
45 Sunic Fast Food 19.91 424
46 FUTO ICT 29.22 35.86
47 Pilot Library 27.7¢ 34.0¢
48 Directorate of Gen SasdBuilding 30.76 37.75
49 SEET Lecture Theatre 724. 30.40
50 Hostel B 23.44 28.77
51 Hostel E 27.72 34.02
52 Workshop Il 21.4:% 26.3(
53 CCE Unit 29.43 36.11
54 Department of Computer b I 31.57 38.75
55 Works Department Builglin 15.07 18.49
56 FUTO Consult LTD 16.57 20.34
57 FISO Building 18.22 2.3
58 Workshop I 26.56 32.60
59 SEET Building 28.68 H.1
60 750 Capacity Building A2 14.95




The annual effective dose equivalent based ondiheamples from FUTO ranged between
9.39uSvy and 56.83uSvywhereas the average AEDE was calculated as
31.89+10.25uSVy. This average compares well with the result olegiby [12] in the
South-South region of Nigeria (31.60uSyyowever, it is less than the world average value

(70uSvyh) [14].
4. CONCLUSION

The method of gamma spectrometry had been useéasure the activity concentrations of
60 soil samples collected from the Federal Uniweisi Technology, Owerri, Nigeria. It was
observed that human activities and the presencadaactive minerals have not sky-
rocketed the radionuclide concentrations in therenment. The average absorbed dose rate
and the average annual effective dose equivaldatraa in FUTO premises are less than the
world average values. From these analyses, theaatistribution of activity concentration

in the University premises is within tolerable lbsverhich imply that the University

community is free from radiological contaminatidine measurements in this study represent
baseline information for future reference and regea
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