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HIGHLIGHTS

e Activity concentration of 238U, 2*2Th and “°K was noted high.

e The two boreholes show significant different concentrations of 238U,232Th and “°K.
e The Th/U ratio was high in both, but distinctly higher in first borehole.

e 232Th was increasing with depth in site one almost 100%.

e The radiological monitoring on groundwater is recommended.
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ABSTRACT

The study of activity concentration of 232Th, 238U and “°K of rock samples from site one (S1L1-S1L11,
70 m) and site two (S2L1-S2L9, 60 m) boreholes in Dei-Dei and Kubwa was presented and the first time
in the region to be compared. Activity concentrations were analysed using a high resolution co-axial
HPGe gamma ray spectrometer system. The activity concentration ranges in site one borehole were from
45+ 1 to 98 + 6 Bq kg™! for 232Th, from 18 + 2 to 37 + 4 Bq kg! for 223U and from 254 +32Bqkg™! to
1195 + 151 Bq kg™ for 4°K. The activity concentration ranges in site two borehole were from 32 + 3 to
84+ 7Bqkeg™! for 232Th, from 15+2 to 52 +5Bq kg™ for 23%U and from 119+ 15 to 705+ 94 for
40K Bq kg™. Significantly higher concentration of 232Th and 233U occurs in samples collected from S1L7,
S1L11 and S2L1 layers. These zones experienced granitic intrusions produced by denudation and
tectonism. 4°K in rock samples of S1L4 and S2L4 activity concentrations is close; it could be that biotite
granitic intrusion that is inferred as the formation in that layer reflects the same activity of potassium in
rock's radioactivity measurement. The area requires further investigation of soil geochemistry and
activity concentration of radionuclides in groundwater.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Naturally occurring radioactive materials (NORM) are found
throughout the earth's crust, and they form part of the natural
background radiation to which all humans are exposed (U.S.
Environmental Protection Agency, 1993). The presence of these
(NORM) in soil, rocks, water, and air, along with cosmic radiation
results in continuous and unavoidable internal and external radiation
exposures of all human (United Nations Scientific Committee on the
effects of Atomic Radiation, UNSCEAR, 2000). The NORM in the earth
or soil and water of an environment are present as progeny of 238U
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and 22°U and 2?32Th isotopes distributed by natural geological and
geochemical processes in addition to potassium “°K and small
quantities of fission-product residues such as *’Cs from atmospheric
weapon tests (Trimble 1968).

Epidemiological studies of uranium and non-uranium mines,
for example, gold mines, have shown a high rate of lung cancer
incidence, which is correlated with cumulative exposure to radon
and its progeny (U.S. Nuclear Regulatory Commission, NRC, 1988).
Extensive work has been carried out in many countries to evaluate
the risks associated with NORM (US. Nuclear Regulatory
Commission, NRC, 1988; United Nations Scientific Committee on
the effects of Atomic Radiation, UNSCEAR, 2000). The specific
levels of terrestrial environmental radiation are related to the
geological composition of each lithologically separated area, and to
the content in 23U, 222Th and “°K of the rock from which soils
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originate in each area (United Nations Scientific Committee on the
effects of Atomic Radiation, UNSCEAR, 2000, Tzortzis and Tsertos,
2004; Xinwei and Xiaolon, 2008; Abd El-Mageed et al., 2011).

Uranium occurs as a trace element in the earth's crust and is
typically present in the concentration of 1-10 ppm in granite and in
clastic sediments of granitic origin and thorium is typically present
in concentrations ranging between 3 and 30 ppm in crustal
minerals. Most thorium is found in sediment (International Atomic
Energy Agency (IEAE), 1989), while the average concentration of
potassium in crustal rocks is approximately 2.5% with a range
from 0.1% to 5% or more. Terrestrial natural radionuclides of soil
and rocks in Kinta District, Perak, Malaysia reported high activity
concentration of 238U,232Th and low activity concentration of “°K (Lee
et al., 2009).

In 2006, during limited field investigation (LFI) involving uranium
in the subsurface at the Hanford Site's 300 Area, unexpectedly, high
concentrations of uranium were discovered in groundwater samples
collected at two of the four characterization boreholes (Williams
et al,, 2007). The samples were obtained during drilling and came
from a stratigraphics interval in the unconfined aquifer that is not
monitored by the existing well network. The occurrences appeared
to be restricted to an interval of relatively finer-grained sediment
within the Ring old Formation. The work involved drilling and
characterization activities at four new locations near the initial
discovery. This report presents the fresh information obtained since
the LFI characterization report (Williams et al, 2007) regarding
uranium contamination beneath the 300 Area. (Peterson et al.,
2008) estimated that approximately 650,000 m> of groundwater
beneath the 300 area investigated are affected by uranium at
concentrations that exceed the drinking water standard of 30 pg/L.

In Nigeria, NORM levels have been studied in surface soils in
ljero-Ekiti (Ajayi et al., 1995), in soil and water around Cement
Company in Ewekoro (Jibiri et al., 1999) and in rocks found in Ekiti
(Ajayi and Ajayi, 1999). Only insignificant levels of NORM were
identified by Ajayi et al. (1995)

The World Health Organization (WHO) and UNICEF report for
2012 ranks Nigeria the most populous country without adequate
water and proper sanitation. The study area (Abuja) had a master
plan 1979 which projected population figures in the region
5.8 million people by 2026. The recent population of Abuja is
2,759,829. It has an area coverage of 713 km? (275.3 sq mil) and
density of 1091.9/km? (2828/sq mil).

The Abuja Water Board has a designed capacity with the pre-
plan which is not in phase with the city growth in the recent. The
increase in demand for water has led to compulsory alternative
source to defray the deficit. Majority of the water sources come
from the borehole/aquifer bearing formation of reasonable depths.
The water has been consumed without treatment and during
drilling processes; it cuts across so many rock formations. The
radioelement exists in this rock formation like granite to some
extent which could contaminate the groundwater system through
leaching and weathering processes. As a result, most of the public
in the satellite towns and suburbs are not aware of the potential
problems associated with aquifer bearing rocks constituting radio-
active elements. The objective of this study, therefore, is to
determine the activity concentration of 238U, 232Th and “°K in
the lithological units to the aquiferous zone (groundwater-bearing
rocks) of varying depth, 70 m and 60 m in Dei-Dei and Kubwa,
respectively. Also, an estimation of radiological consequences on
the public groundwater consumption possibly the effect through
leaching from aquifer source rock will be made. The study areas
are bounded by latitudes 8° 53'N-9° 13'N and longitudes 7° 00'E-
7° 30'E. The towns are in the coordinates Lat.: 9° 6'52"N and Log:
7° 15'39"E (Dei-Dei) and Lat.: 9° 6’ 16.7"N and Lon.: 7° 16’ 26.0"E
(Kubwa). They have become important because of the increasing
population of the suburbs of Abuja. Many residents of the area

embark on the development of private boreholes to augment
public water supplies which are inadequate.

Abuja under Koppen climate classification features a tropical
wet and dry climate. The Federal Capital Territory Abuja experi-
ences three weather conditions annually. This includes a warm,
humid rainy season and a blistering dry season. In between the
two, there is a brief interlude of Harmattan occasioned by north-
east trade wind, with the main feature of dust haze, intensified
coldness and dryness. The rainy season begins in April and ends in
October. The high altitudes and undulating terrain of the Federal
Capital Territory, Abuja act as a moderating influence on the
weather of the territory. Rainfall in Abuja reflects the territory's
location on the windward side of Jos plateau and the zone of rising
air masses with the city receiving frequent rainfall during the rainy
season from March to November every year (World Weather
Information Service-Abuja, 2012).

2. Geological and geophysical information of the study area
2.1. Geology and hydrogeology of the area

The area of study forms part of the Basement Complex of
northcentral Nigeria; with lithologic units falling under three main
categories, which include (1) Undifferentiated migmatite complex of
Proterozoic to Archaean origin, (2) Metavolcano-Sedimentary rocks
of Late Proterozoic age and (3) Older Granite Complex of Late
Precambrian - Lower Palaeozoic age, also known as Pan-African
Granites. All these rocks have been affected and deformed by the
Pan-African thermotectonic event. Detailed reports of the lithological
description, age, history, structure and geochemistry of the Basement
Complex of Nigeria are given in Oyawoye, 1972; Black et al,, 1979;
Ajibade et al.,, 1978; Rahaman, 1988; Caby, 1989, and Dada, 2008.
Fig. 1 shows the google earth map of Abuja showing the location of
the study areas and distance apart. Fig. 2 indicates with red arrow the
location of Abuja on the geologic map of Nigeria.

In the study area, all the three major rock categories mentioned
above are well represented in Fig. 3. The rocks are generally
weathered into reddish micaceous sandy clay to clay materials,
capped by laterite. The hydrogeology of basement areas is simple
since there is an inherent limitation to the occurrence of ground-
water. However, where the regolith is thick, and there is a dense
network of fractures, the potentials for the accumulation of ground-
water in basement complex rocks may increase. Limitations of yield
may be due to the fact that the aquifers are often localized. This
makes the search for a feasible borehole site imperative in the area.

N
QNasarawal

Google earth

Fig. 1. Google earth map showing the study areas and distance apart.



72 0. Maxwell et al. / Radiation Physics and Chemistry 91 (2013) 70-80

|
10°E

LEGEND

|I| Major towns
[ JTertiary-Recent sediments
Il Tertiary Volcanics

[ Cretaceous sediments
[ Juurassic Younger Granites
[Precambrian Basement Complex

Fig. 2. Geological map of Nigeria, Showing the Position of Abuja (red arrow) in the Basement Complex of North Central Nigeria. (Modified from Obaje, 2009.) (For
interpretation of the references to colour in this figure caption, the reader is referred to the web version of this article.)

Generally, the life span of boreholes is much lower in the area than in
most areas that are underlain by porous sedimentary materials.

2.2. Geophysical investigation

Geophysical investigation was conducted to locate the suitable
sites for drilling, also structures that control the aquifer and depth
to the basement terrain groundwater. Twelve soundings were
made in and around the study areas to choose the dense populated
zone. The geology of Abuja, therefore, makes the groundwater
conditions in the area very unpredictable and requires thorough
survey. Vertical Electrical Sounding (VES) (Barongo and Palacky,
1989; De Beer and Blume, 1985; Mbonu et al., 1991; Shemang,
1993) was carried out at 12 locations within and around the study
area and the results integrated with structural data generated
from hill shaded Shuttle Radar Topographic Mission (SRTM) data
(Wright et al., 2006; Valeriano et al., 2006; Grohmann et al., 2007;
Abdullah et al., 2012). Fig. 4 shows the VES points and the
accessibility road to the area. The interpretation of the data
obtained from the sounding revealed that six aquiferous geoelec-
trical layers overlie the fractured basement in some areas and
three non-aquiferous layers overlie the fractured in South-western
part of the study area. A total of 88 lineaments (fractures) were
extracted from the hillshaded SRTM image (http://srtm.csi.cigar.
org/) of the area, their orientation and distribution is represented
on a lineament map and on a rose diagram, respectively,
Figs. 5 and 6. The dominant fracture trend for the area is NNE-
SSW and N-S, which corresponds to the Pan-African trends in the
Basement Complex of Nigeria. The fractures exist and interconnect
in Dei-Dei and Kubwa areas.

3. Materials and methods
3.1. Drilling boreholes

The boreholes were drilled with the help of 30 torn capacity Rig
machine with compressor made of INGERSOL of 25 torn capacity.
The rocks were clay and sand, and the medium was heterogeneous
as the thickness of the different layers differed in the boreholes.
The cutting method of TP-8.0, Rev. 15 (2003) was employed.

3.2. Sample inventory

The identification of boundaries between layers with noticeably
different particle sizes using visual manual logging method, record
the thickness when the layer changes. Layer thickness change may
range from less than one metres to tens of metres. After boundary of
district layers has been clearly marked on plastic sock with an
indelible felt-tipped pen, using a single entry for each layer

(a) Record the date the sample is logged and the initials of the
logger.

(b) Record the sample type. For this sample, record “SL” to designate
a geologically logged core segment, Site and Layer type.

(c) Determine and record the depth interval for each layer

(d) Photograph each layer using digital camera.

The two sites were Dei-Dei (69-70 m, 226.4-229.7 ft, S;) and
Kubwa (62-63 m, 203.4-206.7 ft, S,), Figs. 4 and 5 show the
drilling points.
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Fig. 3. Geological map of the study area.

Site one/Borehole one (S1): Eleven samples were collected from
the drilling of well (S1). In addition, labelled using borehole
number and depth. Details about the samples are listed in
Table 1.

Site two/Borehole two (S2): Nine samples were collected from
the drilling well of (S2). Details about the samples are listed in
Table 2.

3.3. Sampling and sample preparation

A total of 20 samples collected were dried under the ambient
temperature of 25-29 °C for some weeks and sealed back into the
plastic sock in Nigeria. They were transported from Nigeria to
Universiti Teknologi Malaysia, Nuclear Laboratory. The samples
were first dried at 105 °C each overnight with oven made of
Memmert, model Schutzart Din 40050-1P20 by Western Germany,
crushed with the help of Bico Pulverizer MFD by Bico Inc. UA
Burbank California. After crushing of each sample, high pressure
compressor air with nozzle pipe was used to flush the remnant on
the crushing machine and clean with tissue to avoid cross-
contamination before adding another sample. It was crushed to

powder and passed through 250 pm sieve mesh with the help of
sieve shaker made of IMK11 Ende Cott Ltd, England. The fine
powdered samples were homogenized, and carefully weighed
using an electronic balance with a sensitivity of 0.01g. The
powdered samples were packed in standard 500 mL Marinelli
beakers and labelled accordingly with an indelible marker. The
samples were sealed and stored for four weeks to achieve secular
equilibrium between radium and its progeny (Alnour et al., 2012a,
2012b; Ibrahim, 1993).

3.4. Experimental method for gamma-spectroscopy

Experiments were carried out using the gamma ray spectro-
scopy facilities at the Nuclear Lab. Faculty of Science, Universiti
Teknologi Malaysia. The gamma ray spectroscopy consists of a
high purity germanium (HPGe) detector with a counting efficiency
of 20%, with a resolution of (FWHM) 1.8 keV for 1332 keV gamma
ray emission of ®°Co. The detector used in these measurements
was a Canberra GC2018 with Genie-2000 software. The detector
was cooled by liquid nitrogen and pre-amplifier were placed
inside a lead shield to reduce background radiation (Tsoulfanidis,
1995).



74 0. Maxwell et al. / Radiation Physics and Chemistry 91 (2013) 70-80

7°00'E

8 53'N

° VES Location e Major Expressway

Streams/Rivers

e Topogrgphic Contours
(in metres)
Lakes/Dams

e Location of Gosa

10Km

Major Roads

Fig. 4. Accessibility map of the study area with greenish dot at Dei-Dei and Kubwa, showing positions of VES points. (For interpretation of the references to colour in this

figure caption, the reader is referred to the web version of this article.)

Under the conditions of secular equilibrium, 232Th concentra-
tion was determined from the average of 2°Tl using the 583 keV
peak and 2?8Ac by using the 911 keV peak. ?3® U was deter-
mined from the average concentrations of the 2"Pb by using
the 352 keV peak and 2Bi by using the 609 keV peak (Hemby
and Tynybekov, 2002; Alnour et al., 2012a, b). The 1460 keV peak
was used to determine the concentration of “°K. Each sample
was put into a shielded HPGe detector and measured for 21600 s.
The background gamma-ray spectrum of the detection system
was determined with an empty Marinelli beaker under
identical conditions, and was subtracted from the spectra of each
sample.

The specific activity was determined by comparison with IAEA
standard samples S-14 (Thorium ore) and SL-2 (Lake Sediment).
The IAEA standard samples S-14 and SL-2 were used as reference
materials and were mixed with SiO, in Marinelli beakers. The
uranium and thorium content from S-14 are 29 ppm and 610 ppm,
respectively. A weight of 20g from sample IAEA S-14 was
thoroughly mixed with 100 g of SiO, in a Marinelli beaker. Another
Marinelli beaker contains only 100 g of SiO, was to provide
background for standard samples. The IAEA standard sample SL-
2 was used to calculate the specific activity of potassium. It has a
specific activity of 240 Bq kg™!. A weight of 74.18 g of SL-2 was
mixed with 100 g of SiO, in a Marinelli beaker.

3.5. Calculation of the concentration of 238U, 232Th and “°K

Calculations of count rates for each detected photopeak and
radiological concentrations (activity per unit mass) of detected
radionuclides depend on the establishment of secular equilibrium
in the samples. Due to smaller life-time of the radionuclides in the
decay series of 238U and 23?Th, the 23%U concentration was
determined from the average concentrations of the 2"Pb at
352 keV and 2'Bi at 609 keV in the sample, and that of 23?Th
was determined from the average concentrations of 2°%T| at
583 keV and 2?8Ac at 911 kev decay products (Hemby and
Tynybekov, 2000). Thus, an accurate radiological concentration
was made. The concentration of “°K was based on 1460 keV peak.

The concentration of uranium and thorium can be calculated
using the following formula:

Wia x Nsamp C

Csamp = m- std (])
where
Csamp = concentration of sample collected (ppm)

Csta = concentration of the standard sample (ppm)
Wita weight of the standard sample (g)
Wsamp = weight of the sample collected (g)
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Nsamp = net counts of the photopeak area of the sample
collected

Ngtq = net counts of the photopeak area of the standard
sample.

The uncertainty of the sample concentration could be calcu-
lated by using the following formula:

AWgq AW, AN. AN
uC ) — std 4 samp + samp + std
samp(PPMm) ( W W samp Nsamp Nt

Conversion factors were used to convert ppm to Bq kg™ [>38U;
1 ppm=12.35Bq kg™!; 22Th; 1 ppm= 4.06 Bq kg!]. Whereas 1% of
40K =313 Bq kg™! (International Atomic Energy Agency (IEAE), 1989).

The specific activity of potassium can be calculated by using the
formula:

) % Cstd (2)

_ Wia x Nsamp
Asamp = m Astd (3)
where
Asamp = the specific activity of the sample collected (Bq kg™!)

Astd = the specific activity of standard sample (Bq kg™!)

Wista = the weight of the standard sample (Kg)

Nsamp = the net counts of the photopeak area for the sample
collected

Wsamp = the weight of the sample collected (Kg)

Ngta = the net counts of the photopeak area for the standard
sample.

The uncertainty of the specific activity of potassium was
calculated by using the following formula:

AW, AW, AN AN
AA m) = std + samp + samp + std
samp(pp ) ( Wstd Wsamp Nsamp Nstd

) X Asamp (4)

4. Results and discussion

4.1. Activity concentration of >>Th, 233U and “°K in site one
boreholes.

A summary of the average activity concentration of 238U, 232Th
and “°K in each layer from the borehole rock samples are in
Tables 3-6.
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Fig. 6. Rose diagram showing the distribution of fracture orientations in the study area with NE-SW trend.

Table 1
Depth and lithologic unit of Site one borehole. The drilling point coordinate, Lat. 9° 6'52"N and Long. 7° 15'39"E, using GPS, Model: Extrex High Sensitivity 2000-2007
Garmin Ltd.

Sample ID Depth (m) Thickness (m) Lithology description

S1L1 0-4 4 Sandstone, brownish and ferruginous, interbedded with quartz feldspar

S1L2 4-10 6 Coarse sand with clay, bright red.

S1L3 10-11.3 1.3 Slightly micaceous Sandy clay, brownish pebbly, fine to coarse feldspar.

S1L4 11.3-18.5 7.2 Fin to coarse sandy clayey and gravel

S1L5 18.5-24 5.5 Sand. brown, clayey at the top, fine to coarse

S1L6 24-33 9 Light grey coarse sand, granite gravel

S1L7 33-45 12 Silty sand feldspar, blackish to grey

S1L8 45-49 4 Grey silty sand, low grade

S1L9 49-57 8 Greyish to purple silty sand

S1L10 57-64.5 7.5 Sand, fine to coarse, pebbly blackish to grey

S1L11 64.5-71.7 7.2 Sand, fine to medium-grained, blackish to grey becoming whitish from 69 m
Table 2
Depth and lithologic unit of site two borehole. The drilling point coordinates, Lat. 9° 6'16.7"N and Long. 7° 16'26.0"E, using GPS, Model: Extrex High Sensitivity 2000-2007
Garmin Ltd.

Sample ID Depth (m) Thickness(m) Lithology description

S2L1 0-7 7 Brownish ash sandy clay gravely interbedded.

S2L2 7-13.4 6.4 Clay with bright red.

S2L3 13.4-21 7.6 Sandy clay micaceous, brownish with feldspar.

S214 21-29 8 Fin to coarse sandy clayey and gravel smoky

S2L5 29-36.4 7.4 Clay sandy, fine grain size, darkish ash feldspar

S2L6 36.4-43 6.6 Silty clay, interbedded, bright ash to glacy feldspar.

S2L7 43-44 1 Fine to coarse ashy sandy clay.

S2L8 44-51 7 Fine to coarse sand, greyish.

S2L9 51-61.1 10.1 Micaceous - gravely sandy, fine-medium coarse darkish to grey.

In Tables 3-6, measured activity concentrations of 4°K, nuclides
from 232Th series (2%8Tl, 228Ac) and 238U series (*'*Pb, 2'“Bi with
226Ra) in investigated rock samples are presented. 238U activity
concentrations were calculated as the arithmetic means of the
activities of 2'“Pb and 2'Bi isotopes. In Table 3 concentrations of
40K (%), 232Th and 2*®U (ppm) in measured samples calculated
using conversion factors given by International Atomic Energy
Agency (IEAE) (1989). The 232Th and 238U concentrations are based
on the 2*8Ac and ?%°Ra activity concentrations, respectively. For all
rocks Th/U ratio was calculated.

Data presented in Table 4 shows that radioactive equilibrium
between progenies in 232Th series for all rock samples can be
assumed. Some measured rocks are characterized by very high values
of activity concentrations of 2?8Ac (#32Th). In sample collected from
layers (S1L2) and (S1L8) have values close to the same level

(45+1Bqkg™' and 46 +4Bqkg™"), and distinctly low. The higher
value refers to the sample from the depth to the bottom of aquifer
bearing formation (S1L11), with the activity concentration of ?*Ac
(**2Th) (98 + 6 Bq kg™!). Concentration of 23Th in the investigated
rocks varies in the range from 45 + 1 Bq kg™! to 98 + 6 Bq kg™! in the
borehole layers. Noted activity concentrations are compared with
average activity concentrations of 23?Th in the continental crust i.e.
44 Bq kg™ and in the soil i.e. 37 Bq kg™! (Eisenbud and Gesell, 1997).
The highest measured value of 288Ac (?32Th) activity concentration
exceeds the average activity concentration refers to the continental
crust almost twice (S1L11).

In site one, the highest values of ??°Ra (>*®U) refer to the
samples collected from the S1L5 and S1L7 (37 +4Bqkg™! and
37 + 4 Bq kg™1), respectively. Distinctly lower value was obtained
from S1L8 (18 +2Bqkg™). 238U concentration varies from the
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Table 3
The elemental concentration of 238U, 232Th (ppm) and “° K (%) in site one borehole.

No. Sample Weight (g) Concentration (ppm) 40K Th/U ratio
238U 232Th
1 S1L1 503.35 274+026 13+1 081+010 475
2 S1L2 520.20 215+ 0.21 1mM+1 133+016 519
3 S1L3 512.75 2214021 13+1 3.82+048 573
4 S1L4 584.48 216 +0.21 14+1 192+024 639
5 S1L5 529.82 299+029 18+1 256+032 587
6 S1L6 544,02 278+027 16+1 2.65+033 592
7 S1L7 503.22 300+029 19+2 3434043 635
8 S1L8 593.36 142+014 11+1 279+035 805
9 S1L9 564.26 275+026 24+2 319+040 859
10 S1L10  539.10 2034020 1942 3.52+044 945
11 SiLn 522.24 254+020 24+2 323+044 949
Table 4

The activity concentration of 238U, 232Th and “°K (Bq kg™!) in site one borehole.

Sample ID 38y 232Th a0
S1L1 34+3 53+4 23236 +32
S1L2 27+3 45+2 415+ 53
S1L3 27+3 51+4 1195 + 151
S1L4 26+3 56 +4 601 + 76
S1L5 37+4 71+6 800 + 101
S1L6 34+3 67+5 828 + 104
S1L7 37+4 77+6 1073 + 135
S1L8 18+2 46+ 4 874+ 110
S1L9 34+3 96 +8 997 + 125
S1L10 25+2 78+6 1101 + 139
S1L11 3142 98+ 6 1010+ 139
Mean 30+3 67 +5 830+ 103
Table 5

The activity concentration of 233U, 232Th (ppm) and “°K (%) in site two borehole.

No. Sample Weight (g) Concentration (ppm) o 40K Th/U Ratio
238U 232Th
1 S2L1  503.35 419+040 21+2 038+0.05 4.95
2 S22 520.20 1.86 +0.18 8+1 127+0.16 4.22
3 S2L3  512.75 264+025 14+1 194+0.25 5.37
4 S214  584.48 316+030 9+1 203+026 2.89
5 S2L5  529.82 1194012 10+1 163+0.20 8.36
6 S2L6  544.02 278+027 17+1 225+0.28 6.14
7 S2L7 50322 346+033 19+2 2224027 5.52
8 S2L8  593.36 326+031 19+2 236+0.30 5.86
9 S21L9  564.26 2524024 17+1 240+0.30 6.83

range of 18 + 2 Bq kg™ ! to 37 + 4 Bq kg !, respectively. For compar-
ison, the arithmetic mean of the activity concentrations of 238U
from lower Silesia equals 35 Bq kg™'. 238U activity concentrations
in granite from SzKlarska poreba (Karkonosze granite) vary in the
wide range from 15 to 119 Bq kg™! whereas in aplite and in mica
schist from SzKlarska Poreba 238U activity concentrations equal
66 + 6 Bq kg™! and 54 + 9 Bq kg™, respectively (Przylibski, 2004).
Concentration of 233U in investigated rocks calculated with
assumption of radioactivity equilibrium in uranium series varies
in the range from 18 + 2 Bq kg™! (S1L8) to 37 + 4Bq kg™' (S1L5).
Comparing the activity concentrations of 228U with the average
activity concentrations of 23U reported for the continental crust i.
e. 36 Bqkg! and for soil ie. 22 Bq kg !(Eisenbud and Gesell,
1997). For each case, the average activity concentrations of 238U
were in the range except S1L5 and S1L7, noted higher and S1L8,
distinctly lower.

Table 6
The activity concentration of 228U, 22Th and “°K in (Bq kg™!) in site two borehole.

Sample 238y 232Th 40K
S2L1 52+5 84+7 119+15
S2L2 2342 32+3 399 +51
S2L3 33+3 58+5 605 + 77
S2L4 39+4 37+3 636 + 81
S2L5 15+1 40+ 3 510 + 64
S2L6 34+3 69+5 705 + 89
S2L7 43 +4 78 +6 695 + 88
S2L8 40 +4 77+6 738+ 93
S2L9 3143 70+ 6 750 +94
Mean 34+3 61+5 573+ 72

As shown in Table 4, 4°K activity concentrations for all the rock
samples are greater than 200 Bq kg™ *. In first and second layer, the
activity concentrations of the radionuclide do not differ much, but
the lowest value was noted in first layer, S1L1 (236 + 32 Bq kg™!),
whereas the highest value refers to the sample layer three
(1195 + 151 Bq kg™!), respectively. The range varies from 240 + 32
Bq kg™ to 1195 + 151 Bq kg™! in the first borehole site. In contrast
with the range of the average activity concentrations of 4°K
reported for the continental crust i.e. 850 Bq kg™! and for soil i.e.
400 Bq kg™! (Eisenbud and Gesell, 1997), it can be seen that
measured activity concentrations associated with “°K decay are
distinctly higher than the average concentration of this isotope in
the continental crust for all samples. The percentage is higher in
layer three, S1L3 (3.82%). The plot of activity concentration of
232Th, 238U and “°K versus sample ID of site one is presented in
Fig. 7, showing almost 100% 232Th increase with depth.

The Th/U ratio varies in the range from 4.75 to 9.49. The highest
value refers to layer 11 (S1L11), whereas the lowest value was
noted in the sample collected from first layer, laterite top soil,
S1L1. Obtained Th/U concentration ratios are very high, higher
than data published in literature concerning rocks of Karkonosze-
Irera block. For example, in hornfel from Death Bend area, Th/U
equals 3 and Th/U concentration ratio in rocks in the environs
of Swieradow Zdroj varies between 1.5 and 3.2 (Malczewski et
al., 2005).

Th/U concentration ratio given by Eisenbud and Gesell (1997)
for the continental crust equals 1.2 and for granite is 1.8. Cited
values are distinctly lower than Th/U concentration ratio obtained
for investigated rock samples from Site one Borehole. Even value
of Th/U ratio measured in granite from Szklarska Poreba that
equals 3.2 (Plewa and Plewa, 1992). Obtained results suggest that
very high content of 228Ac (?32Th) and high content of 22°Ra (**8U)
in investigated rock samples are connected where rocks formed
were due to thermal metamorphism and metasomatic processes
occur. These processes seem to be responsible for so high level of
radioactivity of rocks but it needs further geochemical research
and activity concentration in groundwater. The highest value of
Th/U concentration ratio refers to the deepest layer up to 70 m,
S1L11. The lowest values of 222Ac (>32Th) and ?2°Ra (?38U) activity
concentrations (Th/U) were measured in rock sample collected at
the laterite top soil of depth about 6 m thick. In this case, the
lowest difference between concentrations of 232Th and 238U
among the other rock samples.

4.2. Activity concentration of ?>Th, 238U and “°K in site two borehole

Data presented in Table 6 shows that the higher activity
concentration of 228Ac (?32Th) refers to (S2L1), with the value
(84 + 7 Bq kg™). In sample collected from layers (S2L2) has value
(32+3Bqkg™"), and distinctly lower. It was observed that S2L7
and S2L8 activity concentrations of 232Th are close (78 + 6 and
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Fig. 7. Plot of activity concentration of 233U, 232™ and “°K versus sample layers ID in first borehole S1L1-S1L11 (Dei-Dei), Abuja.

77 + 6 Bq kg™!). Concentration of 2>2Th in the investigated rocks
vary in the range from 32 + 3 Bq kg™! to 84 + 7 Bq kg™ 1. Also, the
activity concentration of 232Th in S2L4 and S2L5 are close to each
other (37 + 3 and 40 + 3 Bq kg™!). Note activity concentrations are
compared with average activity concentrations of 2>2Th in the
continental crust as reported by Eisenbud and Gesell (1997). The
measured value of Ac (*32Th) activity concentration in (S2L1)
exceeds the average activity concentration refers to the continen-
tal crust almost twice.

Measured rocks are characterized by radioactivity of ?*°Ra
(?38U). The highest value refers to the sample collected from
S2L1 (52 + 5 Bq kg™1). Distinctly lower value was obtained from
S2L5 (154 1Bqkg™). 228U concentration in site two Borehole
varies from the range of 15+ 1 Bq kg™! to 52 + 5 Bq kg™!, respec-
tively. For comparison the (Przylibski, 2004) for 238U is stated
above. Concentration of 238U in investigated rocks calculated with
assumption of radioactivity equilibrium in uranium series varies in
the range from 15+1Bqkg ' (S2L5) to 52 +5Bqkg ' (S2L1).
Measured activity concentrations of 22°Ra (2>3U) were compared
with the average activity concentrations of 238U reported by
(Eisenbud and Gesell, 1997).The average activity concentrations
of 238U are higher except in samples (S2L2, S2L3, S2L5 and S2L9),
respectively.

As shown in Table 6 and Fig. 8, 4°K activity concentrations for
all the rock samples are greater than 100 Bq kg™!. The activity
concentrations of the 4°K did not differ much, but the lowest value
was noted in first layer, S2L1 (119 + 15 Bq kg™!), whereas the
highest value refers to the sample layer nine, S2L9
(750 + 94 Bq kg™!), respectively. The range varies between
118 Bq kg™! and 750 Bq kg ! in site two. In contrast with the range
of the average activity concentrations of “°K reported by (Eisenbud
and Gesell, 1997), it can be seen that measured activity concentra-
tions associated with 4°K decay are distinctly lower than the
average concentration of this isotope in the continental crust for
some samples in site two Borehole.

The Th/U ratio varies in the range from 2.89 to 8.36. The highest
value refers to layer five (S2L5), whereas the lowest value was
noted in the sample collected from fourth layer, S2L4. Obtained Th/
U concentration ratios are higher than data published in literature
concerning rocks of Karkonosze-Irera block, by Malczewski et al.
(2005). Also, higher than the Th/U concentration ratio given by
Eisenbud and Gesell (1997). In cited literatures, the values are
distinctly lower than Th/U concentration ratio obtained for inves-
tigated rock samples from Site two borehole.

4.3. Comparison of activity concentration of 2>2Th, 238U and #°K in
site one and site two boreholes

1. The activity concentrations of 2>2Th in Site one is noted higher
in layer 11 (S1L11) whereas in site two borehole, it was noted in
layer one (S2L1). The lowest value in site one was in layer two
(S1L2) and in site two the lowest value was in (S2L2). Both
layers (S1L2 and S2L2) may appear to have the same deposition
of sediments and could have the same geologic rock type, but
differ in 238U due to its oxidation characteristics. Site one
requires further research on activity concentration of 232Th in
groundwater whereas site two requires environmental radio-
activity survey of surface soil.

2. The activity concentration of 238U in both boreholes varies. In
site one, the highest value is noted in layer seven (S1L7)
whereas in site two, is in (S2L1). This is due to soil type and
the mobility characteristic of 238U in subsurface sediment. The
lower value in site one borehole is noted in eight layer (S1L8)
whereas in second site borehole, it was noted in fifth layer
(S2L5). Further research of subsurface rock geochemistry is
required in site one and environmental studies of surface
radionuclide is require in site two location.

3. The activity concentration of “°K in site one is higher in layer
three (S1L3) and in site two was noted in ninth layer (S2L9).
The contradicting result here is that the lower values of “°K was
noted in first layers of both site one and site two (S1L1 and
S2L2). This could be attributed to low colloidal sediments in
near surface of both sites.

Moreover, a comparison of the activity concentrations of
uranium, thorium and potassium in the present study with
previous studies are presented in Table 7. Most of the reports
were not from sequential subsurface layers as the present study,
but they are all soils and rocks. The results in present work show a
good agreement with those reported in previous studies. In
general, all results existed within the range given in United
Nations Scientific Committee on the Effects of Atomic Radiation,
UNSCEAR (1998).

5. Conclusion

The results of gamma-ray measurements presented in this paper
give current information about natural radioactivity variation in
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Table 7
Summary of activity concentration of radioisotopes in soil samples in Dei-Dei and
Effects of Atomic Radiation, UNSCEAR, 1998).

Kubwa Abuja and other Parts of the World (United Nations Scientific Committee on the

Region/country 232Th (Bq kg™!) 238y (Bq kg™) 40K (Bq kg™)
Range Mean Range Mean Range Mean
Dei-De1,Abuja,Nort Central Nigeria® 45-98 67 18-37 30 119-750 830
Kubwa, Abuja, Northcental Nigeria® 32-84 61 15-52 34 236-1195 573
Ikogosi-Ekiti, South western Nigeria® 1-108 82 4-111 58 40-2437 1203
Malaysia“ 63-110 82 49-86 66 170430 310
China“ 1-360 41 2-690 84 9-1800 440
India® 14-160 64 7-81 29 38-760 400
Japan© 2-88 28 2-59 29 15-990 310
United State® 4-130 35 4-140 35 100-700 370
Egypt* 2-96 18 6-120 37 29-650 320
Greece® 1-190 20 1-240 25 12-1570 360
Portugal® 22-100 51 26-82 49 220-1230 840
Russia“ 2-79 30 0-67 19 100-1400 520
Spain®© 2-210 33 - - 25-1650 570
World?¢ 7-50 45 16-116 33 100-700 420
2 Present study.
b Ajayi (1999).
¢ United Nations Scientific Committee on the Effects of Atomic Radiation, UNSCEAR (1998).
d United Nations Scientific Committee on the effects of Atomic Radiation, UNSCEAR (2000).
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Fig. 8. Plot of activity concentration o
layers of varying depths. This is the first subsurface radioactive
investigation in the region. In this study, several current activity
concentrations of 2*2Th, 228U and “°K are presented with geological,
geophysical and geodynamical attributes. In the case of rock samples
collected from site two, where both activity concentrations of 232Th
and 238U in (S2L1) at the laterite topsoil are distinctly higher or twice
the report from a literature reported (Eisenbud and Gesell, 1997) and
in site one borehole with the values of 2>2Th and 238U in different
layers (S1L11 and S1L7). This variation or instability of activity
concentration of radionuclides with depth is a function of lithological,
structural, topographic and climatic factors which work synergisti-
cally. In S1L7 layer could be attributed to the mobility of 233U in
oxidizing condition.

40K in rock samples of S1L4 and S2L4 activity concentrations is
close; it could be that biotite granitic intrusion that is inferred as
the formation in that layer reflects the same activity of potassium
in rock's radioactivity measurement. It needs further measure-
ments in other locations.

As obtained results show granitic intrusion and weathered
micaceous sandstone could determine high radioactivity of rocks

sample layers ID in second borehole S2L1-S2L9 (Kubwa), Abuja.

formed in the area due to thermal metamorphism. In site one
borehole, the concentration of 232Th was increasing up to 100%
with depth, Fig. 7, except the deformed and fractured terrain at
layer eight (S1L8) that could have shared its 2>2Th concentration to
the neighbouring layers (S1L7 and S1L9). It requires further
measurements of radionuclides and geochemical investigation.
The layers in the region may have encountered more effect of
tectonic activities that resulted to magmatic interbedding. In all
rock samples, very high activity concentrations associated with
decay of 232Th and 238U series were observed. These values in
some layers twice exceed the average activity concentrations refer
to continental crust and are distinctly higher than world report in
United Nations Scientific Committee on the effects of Atomic
Radiation, UNSCEAR (2000), Table 7. Based on our measurements,
it could be noted that concentration of 2>2Th and 238U in measured
rocks depends on the distance between sample place and the
nature of the intrusive materials or the cross-bedding with
magmatic and metasediments.

Significantly higher concentration of 232Th and 233U occurs in
samples collected from S1L7, S1L11 and S2L1 layers. These zones
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experienced granitic intrusions produced by denudation and
tectonism. So the majority of the radionuclides genetically con-
nected with granitic intrusion built into metamorphosed rocks in
the closest vicinity of the intrusion but should be further
researched with activity concentration in groundwater and geo-
chemical investigations.
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