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ABSTRACT

Activity concentrations of natural radionuclides in 30 surface soil samples collected across the three
campuses of the two tertiary institutions in Minna, Niger State. Nigeria, were studied and evaluated
Fhis survey was carried out using gamma spectiometrie technique which employs Nal(T1) gamma
d'cl:‘cl(nr at the Center for Encrgy Research and Training (CERT), Ahmadu Bello Universny, Zaria.
Nigeria. The mean values for the activity of ““Ra. ““Th and ""K were found 10 be 78+1.3Bqkg ",
29.4+0 9Bqkg " and 229 4+1 8Bgkg " respectively. The activity profile of the primordial radionuclides
il‘l the soil samples investigated showed the existence of low level activity across the three campuses.
The mean value of the annual effective dose equivalent obtained from this study is 0.04mSvyr ', with
mean external hazard index of 0.2. These average values fall within the internationally provided safety
range for outdoor radiation exposure. The values obtained from this investigation for all the radiation
parameters for the studied soil samples showed that none of the campuses investigated pose any
significant radiological threat 1o the public

KEYWORDS: Natural radioactivity. gamma ray spectrometry, annual effective dose equivalent.
external hazard index. Federal University of Technology Minna, Niger State College of Education
Minna

INTRODUCTION

Naturally Occurring Radioactive Materials (NORMSs) arc and have always been a part of our world Radiation is
present in every environment of the carth’s surface, beneath the carth. in the atmosphere (Kannan er a/, 2002),
and even in our human body. Various geological formations, including rocks. plants. water, air and soils contain
NORMSs at various trace levels. According to Karahan and Bayulken (2000). natural radionuclides in soils
generate a significant component of the background radiation exposure of the population. Seils not only acts as
a source of continuous radiation exposure 1o humans, but also as a medium of migration for transfer of
radionuclides (o biological systems (Mehra er al. 2010). and hence. the basic indicator of radiological
contamination in the environment (Ibrahim and Mohammad. 2009).

Humans are constantly exposed 10 natural radiation from two prominent sources: internal exposure from
radionuclides in food and inhaled radon gas: and the exicrnal radiation exposure from cosmic rays and terrestrial
gamma rays due to NORMs in soils, rocks and building materials (Alberto. Laura and Valerio. 1996: Alatise.
Babalola and Olowofela, 2008). The carth and the atmosphere contains various levels of radionuclides. but only
those with hall lives comparable with the age ‘of the earth and their corresponding decay products existing in
terrestrial materials. such as "'K, “®U and ““Th are of greal interest, since gamma radiation from these
represents the main external source of human exposure. The level of natural radioactivity in soils and in the
surrounding environments as well as the associated external exposure due (o gamma radiation depends primarily
on the geological and geophysical conditions of the region (UNSCEAR, 1998; 2000). Since these radionuclides
are not uniformly distributed. the knowledge of their distribution in soils and their measurement id very
important, not only to determine the amount of change of the natural background activity with time. but also lor

radiation protection issues.

Minna. the capital of Niger State, is the home of two tertiary institutions of the state: the Federal University of
Technology. and Niger State College of Education. Minna and the entire state are covered by two major rock
formations the sedimentary and basement complex rocks. Other secondary geological formations in the siate
may suggest a radiation level slightly above background. Data on the natural radioactivity mnccntmunn: n
Minna city and the entire state are still scarce and so a comprehensive study with the objective o systematically
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gl iscussed H(Jpv[uﬂy. the results of this study and the interpretations presented would serve as
ne data for radioactivity levels in this environment.

MATERIALS AND METHODS

Surface soi samples were colle
(BSC) and Gidan Kwano cam
Education (COE)

*cted from the three campuses of the tertiary institutions. These are Bosso campus
pus (GKC) of Federal University of Technology. and the Niger State College of
\ campus. Ten surface soil samples were coliected per campus The choice of the sampling
points in the campuses, which include, the boys™ and girls” hostels. the central mosques, the chapels. the

administrative blocks, libraries and the sports complex. was informed by the daily extensive presence of human
life and the existence of portable water sources.

Three sub samples per cach sample point. at 5cm depth, were collected after removing the stones and
vegetation. These sub samples were thoroughly mixed together to give a correct representation of each sample
point. The soil samples. neatly packed in well labeled polythene bags were air-dried for 48 hours under normal
ambient temperature to remove the moisture content. The dried soil samples were crushed: grind into fine
powder to pass through 500pm sieve. The representative powder samples were filled into cylindrical plastic
containers of dimension 7.2cm in diameter and 6.0cm high 1o satisfy the selected optimal sample container
height. The sample containers were then sealed hermetically with adhesive tape and stored for 24 days to allow
them attain radioactive cquilibrium. This was necessary (o ensure that radon gas is confined within the volume

and that the daughters will also remain in the sample (Sroor et al . 2001). Each container accommodated average
of 275+1g

The gamma ray spectrometry system used for the measurement consist of 7.62cmx7.62cm Nal(T1) detector at

the Center for Energy Rescarch and Training (CERT). Ahmadu Bello University Zaria. Kaduna State. Nigeria.

The detector is housed in a 6¢m thick lead shicld so as 1o reduce the background radiation levels many times

The inside of the detector is also lined with cadmium and copper sheets. which according 10 El-Avadarous

(2007), help 1o absorb the emitted x-rays from lead which may contain radioactive impurities due to antimony
impurirites. The detector assemblage is coupled 1o a computer based multichannel analyzer (MCA) with
ACCUSPEC computer program used for data acquisition and analysis of gamma spectra. The efficiency and
encrgy calibration of the detector were done over energy range using "'Cs. "“Co and "*Mn standard isotopic
sources over energy range 0f 200keV to 3MeV. being the encrgy range of radionuclides to be determined. Also.
the IAEA gamma spectrometric reference materials, RGK-1, RGU-1 and RGTh-1 were used 1o recalibrate the
s?/slcm for quantitative determination of K ““Ra and ““Th in the soil samples. The aclivity concentration of
¢“Ra was evaluated from 1764keVgamma line of ““Bi. while 2614keV gamma line of “BT) was used 10
evaluate the activity concentration of “ETh. The single 1460keV gamma line of ""K was used for its content
evaluation. Each sample was counted for 29000 seconds.

5 g . 26 232 40 . e " . .
It is known thal the distribution of “’Ra, “*Th and "’K in soil is heterogeneous in nature with no specific
relation between them (Christa et al.. 2011). A common index with respect to radiation exposure, called the
radium equivalent activity (Ra,q has therefore been defined o represent the specific activities of N )

and ""K in different combinations in soil samples. This index is calculated using the relation (Beretka and
Matthew. 1985; Yu et al., 1992; UNSCEAR, 2000)

Ra., (qug") = Cpg, + 1.43Cq, + 0.077C (1
Where Cg,, Cy, and Cgare activity concentrations of “Ra, ““Th and “K in Bqk

according 1o equation (1) on the assumption that 1Bqkg' of **Ra. 0.7Bqkg 'of
the same gamma ray dose (Malanca et al., 1993; OECD, 1979)

ﬁl respectively. Ra,, is defined
“Th or 13Bqkg’ of 'K vields

From the measured activity concentrations of “’Ra. ““Th and K in the soil samples. the external gamma
absorbed dose rate in air 1m above ground level was calculated following the equation (UNSCEAR. 2000)
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nGvh ') = 0.462Ck, + 0621C, « 0.417C, (2)

per Bakg ') are

and 0462, 06721, and 0 417 (ngyh
tZ)

I and MK ll'-.prtll\l'lw In equation
tlyve equihibriom with their

Where D is the dose rate in nGyh ' Cuo. Crv. Cx (Bakg ,,

il

i« UV concentrations and dose conversion factors of * 7 Ra
A 1T » { X L ‘ ‘
ove s assumed that all decay products ol Ra and [h are in radio:
p— . ) g s
precursors (Prasong and Susaira, 2008)

. 5 v ey adioactivity was
The annual effective dose equivalent o the students population in the campuses due 10 i

estimated using the equation (UNSCEAR. 2000)

~ . 10% e )
AED (mSywvi!) = D (nGyh") x 07 SvGy ' x 8760hyr "X (——1—),—-‘) x 02
D (nGvh ') x 1.2264x10 (3)

() /\v(}\" (rom absorbed dose rate in aif 10

UNSCEAR (2000). bearing 16

Equation (3) was calculated using the dose conversion factor.
effective dose received by adults. and the occupancy factor of 0.2 proposed by
mind that the students spent an average ol 20% of their time outdoors

i 1 1 i 3 W " : z 5 (
The external hazard index (H,.). which is an estimate ol radiation risk resulting from exposure (o gamma rays of
the primordial nuclei is evaluated from the equation (UNSCEAR, 2000)

H, =Shs St K (4)
. 379 5% +3t0

SRa. ““Th and K in Bgkg ' respectively. The maximum
' the upper limit of Ra,, The value of this index

ard insignificant.

' ~ . . -2
Where Cg,. Cyyand Cyare activity concentrations ol
value for H.. is equal to unity, which corresponds 1o 370Bgkg

must therefore be less than unity so as to keep the radiation haz

RESULTS AND DISCUSSION

The results of the gamma speclrometry an

alysis for the 30 soil samples collected across the three campuses of
the tertiary institutions in Minna, Niger statc are presented in Table 1

Table 1 shows that the activity concentrations in Bakg ' of 20Ra. “YTh and K in all the samples analyzed
ranged between | 0+2 3-26.5+1.9, 2.2+0.3-70.3+0.9, and 43.123.1-468 52 3.0. with mean values of 7.8+1 3,
29 4+0.9 and 229 4= 1.8 respectively. Although the mean value of"K in all the measured samples is higher than
2T as can be seen from the table, the obtained results are much lower compared with the

those of “*Ra and *
world wide average concentration of these radionuclides in soils as reported by UNSCEAR (2000). which are
40Bqkg ' for “Ra, 40Bqkg ' for 227 and 370Bqkg’' for K. the results therefore shows that the three

campuses being investigated have normal levels of natural background and so do not pose any risk to the
students.

Table 2 presents a comparison of the mean values of activity concentrations of the natural radionuclides in soil
samples of the studied area with those of other literatures and the world wide mean. The comparison shows that
the results obtained from this study are in agreement with similar works from other countries.

The values calculated for radium equivalent activity, gamma dose rate, annual effective dose and external
hazard index are presented in table 3. The values for Ra,, for all the samples as seen in Table 3 ranged from 11.6
10 131.9Bgkg ', with a mean value of 67.5Bqkg". The values are less than the safe limit of 370Bqkg ' provided
by UNSCEAR (2000). The values for the absorbed gamma dose rate in air fluctuates between 56nGyh ' and
59 7nGyh' with an average value of 31.3nGyh', while the calculated values for annual effective dose
equivalent ranged between 0.01 and 0.07mSvyr ', with a mean value of 0.04mSvyr ' These values are found 10
be comparable to the world average of 57nGyh and 0.48mSvyr ' respectively pfovidcd by UNSCEAR (2000)
The mean value for the external hazard index as seen in table 3 is 0.2, which is lower than unity, indicating lhd;
the radiation hazard in the three campuses is really insignilicant. ‘
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Table 2: Comparison of activity concentrations of “*Ra, “*Th and K in Bq/kg. obtained in present study with
that reported for other countries

“Region _ﬁ____.jf_[f,‘l._w “Th _M__'_mK Reference e A
indio (Purjap) 19.7 220.5 9202 Mehra eral (2010) Ry
Thailand 68 15 213 Prasong and Susaira (2008)
India (Tamilnadu) 42.9 439 96.0 Saravanan et al., (2003)
Nigeria (Delta region) 16.2 24.4 348 Arogunjo et al, (2004)
Vietnam (south-East) 19.6 31 34.6 Huy and Luyen (2006)
Madagascar 29 95 294 Naivo e al, (2008)
Botswana 38 418 432.1 Murty and Karunakara (2008)
Turkey 115 1192 1207 Merdanoglu and Altinsoy (2006}
China 112 715 672 Yang et al.. (2005)
Jordan 84 82 560 Aljundi eral (2003)
World average 33 30 474 UNSCEAR (2000)
Nigeria (Minna) 78 294 2294 Present study S N
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UNSCEAR (1988) considered hone marrow

herefore, the
il the biohe e . oroans of interest. There fore.
annual ponadal dose cquiv W the boe surfacecelly 85 Lne prgans ¢

was calculated usi alent (AGDE) in PSvyr ' due 1o the activity concentrations of 226Ra. 232Th and 10K
' using the equation (Mamont-Ciesla et al . 1982: Ibrahim and Mohammad, 2009)

AGDE (uSvyr') « 3.09Cx, + 4.18Cp, + 0.314C, (5)

Where Cg,. Cy 2 \ | ;
The s ;([“. (‘1I:.dnd Cyare activity concentrations of “Ra, ““Th and K in Bokg respectively
cresults ¢ M (o 5
s calculated for AGDE for all the samples investigated are presented in able 3

” ” !
As seen in Table 3, AGDF values vary between 40 1 and 410 1pSvyr ' with an average value of ZVI?BIJSVYT
Generally as seen in Table 3. the mean values of D. ADE. H,, and AGDE arc all below the permissible salety

limits which show that the hazardous cffects of these radiations in the three campuses investigated arc
neghigible

Table 3: Radium equivalent activity (Ra,,). gamma dose (D). effective dose cquivalent rate (E). external hazard
index (H..), and annual gonadal dose equivalent (AGDE) in the soil samples

Ra(cq) D 3 AGDE
SAMPLE D (Bg/kp) (nCy/h)  (mSvly) Hlex)  (pSvyr)
BSCI 42.5 212 003 01 15601
BSC2 72.4 342 0.04 02 2404
BSC3 98.7 16.2 0.06 0.3 3259
BSC4 637 310 004 02 2231
BSC5 66 4 31.0 0.04 02 2183
BSC6 1185 55.1 007 03 3862
BSC7 544 26.6 0.03 0.1 1892
BSC8 67.6 325 0.04 02 2319
BSCY 514 24.5 003 0.1 174.7
BSC10 1319 59.7 0.07 0.4 410.1
GKClI 80.2 38.0 005 0.2 2705
GKC2 94.9 2.9 005 03 294 6
GKC3 80.4 362 0.04 02 2470
GKC4 22.0 1.1 0.01 01 81.7
GKC5 247 125 0.02 01 92.0
GKC6 463 217 003 01 153.0
GKC7 34.0 16.8 0.02 01 122.7
GKC8 447 214 0.03 01 151.5
GKC9 18.2 22.6 0.03 01 159.4
GKC10 1027 46.1 0.06 0.3 3146
COEI 62.8 28.5 003 02 194 5
COE2 11.5 19.2 0.02 01 1328
COE3 89.7 40.3 0.05 0.2 2745
COEA4 120.5 54.2 0.07 0.3 3695
COES 13.5 333 0.04 0.2 228.7
COEG 18.2 8.3 0.01 0.0 57.0
COE7 97.0 43.1 005 0.3 289.8
COES8 95.0 42.0 0.05 03 281.1
COE9 69.0 319 0.04 02 2223
COEI0 11.6 56 0.01 0.0 40.1
RANGE 1161319 56597 001007 0004 4014101
MEAN 67.5 313 0.04 0.2 2178
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ONCLUSIONS
ITas study has analyzed the Activity

CET o concentral S
campuses ol the two lerhary Instituty PR lomvestiil B

data on th mthUaCltvny levels of ”“IUT\’\ in Mum._u, Niger State: The results of 1his survey provide a proneering

hazard parameters calculated for all |I(?'?‘pu“\ The obtaimed results show that the mean values of the tadiation

radiation \df('ly provided by UNSC[;,A]:RSU” “lnlpiog '—’('“‘R investigated are lower than the acceprable values for

nonc of the three C“T"PUSFS haw‘l i, (2000). The calculated dose rates and external hazard indices show that

means that the radiation hazard <is ?.V ‘“g.h md””ﬂl\ exposure for either the students or the general public This

can fro(‘l)‘ live and interac( ‘ "SIEIlnlﬂc,]m in the three campuses and so the students and the entire public
on daily basis without any significant radiation threat to the entire population

amma comtters for soil samples ol the thiee
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