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ABSTRACT

Anthropogenic activity has become a major source of radiological contamination and heavy
metal pollution in the environment. Coal from Maiganga coal mine Gombe is currently the
main source of energy for AshakaCem, a mega cement factory in northeast Nigeria.
Periodic monitoring of radioactive and heavy metal concentrations in soil around
AshakaCem is thus of utmost importance from human health and environmental protection
perspective. In this study, natural radioactivity and heavy metal contents in soil around
AshakaCem were assessed using gamma-ray spectrometry and inductively coupled plasma
mass spectrometry (ICP-MS). Mean specific activities of **°Ra, ’Th and *“’K were 6.41,
16.63 and 167.31 Bq kg™ respectively. Mean values of the evaluated hazard parameters
were within safety limits provided for human and environmental protection. Average
concentrations of Cr, Pb, Ni, Cu, Zn and V were below their respective background level
provided by the Canadian soil quality guidelines for agricultural soils, except for Cr.
Average pollution load index for all the studied heavy metals showed lower values than
unity. Therefore, activities of the coal-fired cement factory does not make any significant
change to the radioactivity and heavy metal contents in the surrounding environment.
Results of this study could serve as an important baseline for subsequent radiological
studies and environmental monitoring activities in future.

Keywords: Natural radioactivity, heavy metals, gamma absorbed dose, pollution load
index, AshakaCem, northeast Nigeria.
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Introduction

Increasing demand for, energy to satisfy the
growing challenge of industrializatior.l and
urbanization has led to rapid consumption of
fossil and nuclear fuels. As a results, pqllutapts
which are mostly heavy metals and radioactive
nuclides are continuously released into the
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environment sometimes at concentrations that
become dangerous to human health and
environmental quality. Soil has become the
primary sink for these pollutants in terrestrial
environment (Cayir ef al., 2012). When present
in agricultural soils at concentrations above the
normal threshold, they impede natural
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biological phenomena and enhance _so1I
toxicity (Ogunkunle and Fatoba, 2013)..D1rect
ingestion of crops grown on polluted soils thus
become potential sources of human exposure
to radioactive nuclides and heavy metal
contamination. Continuous monitoring of
agricultural soils with regards to natural
radioactivity and heavy metal contents is
therefore necessary for protection of man and
the environment.

Anthropogenic activities have been identified
as major sources of radionuclide and heavy
metal mobilization in the atmosphere (Odoh,
2014; Yi et al., 2008). Coal combustion and
cement production in particular are critical
anthropogenic  pathways for population
exposure to heavy metals and radioactivity
above normal background (Gbadebo and
Bankole, 2007). Environmental unfriendliness
of coal combustion and cement production has
been due to emission and release of coal and
cement dust loaded with toxic heavy metals
and radioactive nuclides into the atmosphere.
Once released, they are dispersed over large
areas by atmospheric processes and
subsequently deposited in the surrounding soils
(Agrawal er al, 2010; Al-Khashman and
Shawabkeh, 2006; Al-Oud et al, 2011),
thereby enhancing their concentrations in
surface soils. It is therefore paramount to
investigate the radionuclide and heavy metal
contents of soil samples around a coal powered
cement production industry and to evaluate
their contribution to soil pollution and possible
risk to human health. While this has become a
major focus in many countries, very little is
known about the environmental impact of
Ashaka cement factory in north-eastern
Nigeria. The primary objective of this study
therefore is the assessment of natural
radioactivity and heavy metal concentrations in
soil samples around Ashaka cement factory,
northeast Nigeria. Radiation hazard parameters
and pollution load index will be evaluated to
determine the level of soil pollution and human
exprore. Data from this study will form part
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of baseline guide for further stu
assessing the environmental impactg
production in Nigeria.

dies in
of CQmem

Materials and Methods

Sample site

Ashaka cement factory Plc (Ashakacem) e
located at 10°55°49”N and 1128347k in
Bajoga, Funakaye Local Government Arez of
Gombe State, northeast Nigeria. AShakaCem
which assumed full continuous Operation sjnce
1979 is currently the largest cement producin
factory in Northern Nigeria. About 90 9 of the
energy requirements of the factory especially
in firing the cement kiln is realised from coy]
combustion. Cement production and cog
combustion processes releases huge quantities
of potentially hazardous air pollutants into the
surrounding environment thereby endangering
the health of factory workers and the
surrounding communities from continuoys
constant exposure. The company has however
installed dust bags filters as pollution control
systems to reduce the hazardous emissions
from the factory.

Sample collection, preparation and analysis

10 surface soil samples (0-15 cm) were
collected at random around AshakaCem in
Gombe, northeast Nigeria. Each sample, about
1.0 kg in weight was thoroughly screened of
all foreign matters and carefully packed in well
labelled polyethylene bags and transported to
the laboratory for analysis. The soil samples
were air-dried at room temperature for 72
hours in the laboratory to attain constant
weight, after which they were sieved,
pulverized and thoroughly homogenized.

Homogenized samples were carefully pl'@md
for radiometric analysis using HPGe gamma
spectrometer at the radiation laboratory,
department of Physics, University of Mal?ya.
Malaysia. 370+1.0g of the homog

samples were neatly packaged into well-
labelled Marinelli beakers at the laboratory and
tightly sealed to prevent escape of M@E
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amples were kept for about thirty
to attain radiological equilibrium
ghter nuclides and their respective
long-li\’ed parents (Amin et al, 2013;
Khandaker et al., 2012).

Sealed S
seven days
petween dau

Radiometric analysis of the samples was
carried out using a P-type Coaxial ORTEC,
GEM-25 HPGe gamma ray detector with 57.5
mm crystal diameter and 51.5 mm thickness.
The detector was enveloped in thick cylindncal
lead shield to reduce the interference of
background radiation from terrestrial and
extra-terrestrial sources with the measured
spectrum (Amin et al., 2013; Kolo er al,
2015). The detector which has relatve
efficiency of 28.2% and 1.67 keV FWHM
energy resolution at 1.33 MeV peak of 2o,
was coupled to ADCM data acquisition system
with PCAIl multi-channel analyser and set at
operating voltage of +2800 V. Energy and
efficiency calibrations were done on the
detector prior to analysis using a cylindncal
multi-nuclide gamma ray source with
homogenously distributed activity in the same
container geometry as the samples. The
calibration source which has initial activity of
5.109 uCi contain the following nuclides:
*'Am (59.541 keV), '“Cd (88.040 keV). *'Co
(122.061 keV. 136.474 keV), ““Hg (279.195
keV), '"Sn (391.698 keV), ¥Sr (514.007
keV), "'Cs (661.657 keV), Y (898.042 keV,
1836.063 keV)., and "‘Co (117322 keV,
1332.492 keV).The scurce was supplied by
Isotopes Products Laboratories, (Valencia, CA
91355). Activity concentrations of 7°Ra, *’Th
and *K in the analysed soil samples were
computed using the equation (Cevik er al.,
2010; Khandaker er al, 2012; Kolo er al.,
2015):

rnyYx\\

Where A (Bq kg") is the specific activity, CPS
's the net counts per second for each sample

invcs.tigalcd. & (E) is the detector photo-peak
efliciency at respective gamma-ray peak, l, is
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the corresponding gamma ray int

. : censity and ‘W
1s the sample mass in g 4

Elemental analysis was carried o
ICF"—MS laboratory, Chemistry department
Un;xfcrsny of Malaya, Malaysia using 7500
senes inductively coupled plasma mass
spectrometry (ICP-MS) supplied by Aglen:
Technologies, USA. 1.0£0.01 g of each sl
sample was digested for heavy metal
determination in 250 ml flask on hotplate
following a 3-step acid digestion pmmj 1T
1.00£0.01 g of soil sample was mixed with |
ml of 1:1 HNO; in 250 m! volumetnc flask
The mixture was covered with a watch glass
and refluxed for 15 minutes at 95°C=5°C
without boiling. The sample was refluxed
again after cooling with addition of § ml
concentrated HNO, (70 %) repeatedly until no
brown fumes were observed
allowed to cool after which 2 ml of devomzed
water and 3 ml of 30 % H,0: were added
carefully in steps of 0.5 ml without any loss (o
a maximum of 10 ml). The entire mixture was
heated on hot plate unul effervescence
subsided. The sample was allowed to cool and
was filtered through Whatman No. 41 filter
The filtered digestate was transferred into 100
ml volumetnic flask and filled up to mark with
deionized water. The final solutions were
stored at 4°C for analysis. The instrument was
calibrated prior to analysis with multi clement
calibration standard 2A solution with anaiyle
concentration of 10 mg kg  (Aglent
Technologies, USA, part No. 8500-6940). The
elemental detection limmit was 0.0001 mg kg

the
e

[t was then

Radiation hazard indices

Radium equivalent activity (Ragy) was defined
to account cumulatively for the b‘
associaedmm%”‘n-d'(h':
samples (Beretka and Mathew,
UNSCEAR, 2000). Ra was estimated by e
equation (Ravisankar ef al., 2014; UNSCEAR,
2000):




Ra, = A, + 1434;, + 00774 @)

: and Ax are the activity
trﬁlt?(;nsA Thof 226Ral,( PTh and K

- respectively in Bq kg

Absorbed dose rate in air (Dg) at 1 m above

%round level due to gamma ray emissions from

**Ra, ®’Th and K in soils was calculated

from the equation (UNSCEAR, 2008):

Dr(nGy h™') = 0.4624,_ +
0.604A,, +0.04174, . (€)

where Ag,, Am, and Ag are the acti\g(i)ty
concentrations of m’Ra, Th and *“K
respectively in Bq kg™

Exposure risk to any individual due to
absorbed dose rate is estimated in terms of the
annual effective dose equivalent (AEDE).
AEDE was calculated by applying the
conversion factors of 0.70 Sv Gy' which
converts absorbed dose rate in air to effective
dose and the outdoor occupancy factor of 0.2,
assuming that an individual spends average of
20 % of his time outdoors (UNSCEAR, 2000).
AEDE in outdoor air, measured in mSv y"' was
evaluated using the equation:

AEDE (mSvy™ )= Dpx 1.21 x

107 “)
Excess lifetime cancer risk is evaluated to
determine the probability of risk of cancer to
any population from exposure to radiation. [t
was calculated based on the estimated AEDE

using the equation (Ravisankar et al., 2014;
Taskin et al., 2009):

ELCR = AEDE X DL X -RF 5)
where DL is the life duration of 70 years ang
RF is risk factor given to be 0.05Syv" fo;
stochastic effects in any given population
(ICRP-60, 1990; Taskin et al., 2009).
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ts and Discussion :
llei:lral radioactivity and radiation h Zar

eters
Ezzzrnilptive statistical resu!ts' (mimmum,
maximum, mean, standard deviation, skewnegg
and kurtosis) and the cqefﬂc_lents of variance
of natural radionuclides in soil samples aroung
AshakaCem are presented in 'Table 1_. Also
presented in Table 1 are the radium equivalent
activity (Racg), gamma absorbed dose rate
(Dg), annual effective dose eqmvglent (AEDE)
and excess lifetime cancer risk (ELCR)
incurred by the population from exposure to
natural radionuclides in soil samples. Mean
specific activities of 2°Ra, #*Th and “K in the
soil samples were 6.41, 13.63 and 167.31 Bq
kg respectively. These values are lower than
their respective world average values of 35, 30
and 400 Bq kg' for normal soils set by
UNSCEAR (2000). Distribution  of
radionuclides in the studied soil samples
appears to be steeper than normal as
demonstrated by the skewness and the kurtosis
values. Ra., values ranged between 22.52 and
47.83 Bq kg with an average of 38.78 Bq kg
which is  below the recommended
precautionary  limit of 370 Bq kg'
(UNSCEAR, 2000). Furthermore, calculated
Dr has a mean value of 18,15 nGy h'', with a
corresponding mean AEDE value of 0.02 mSy

Y . These valyes are lower than their

rcispective mean global safety limits of 59 nGy
h™ and 007 m

. Sv y' (UNSCEAR, 2000)
Sunllar!y, average of 0.8 x 10* calculated for
EL?R 1s below world average value of 0.29 x
107 set by UNSCEAR (UNSCEAR, 2000).
The overall resylts of radioactivity contents of
soil samples aroung AshakaCem are generally

low, thus reflecting the normal radiation
background trend.




_ Descriptive statistics of activit i
Ir?c;) iLSLICR of soli)l samples around Ashak)z:é::rllcemratmns o, S K, Rac, Dr, AEDE

Ac_ti_\it)’_@kg-l) Dose

Dr (nGy K
2g,  2Th YK Raeg B L AEDE (mSv y") JE)LCR (10

S es 915 7477 252 1030 0.01 0.04
883 1566 22287 4783 2250 0.03 0.10
N 64l 1363 16731 3878 1815 0.02 0.08
o139 227 4792 172 3D 0.01 0.02
w034 089 -L07 120 122 0.13 10.94
owi LI 025 047 101 106 0.18 087
Cv() 2168 1665 2864 1990 2049 50.00 25.00

SD = standard deviation
cV = coefficient of variance

Heavy metal concentration and pollution
level assessment
Descriptive ~ statistics of heavy metal
concentrations and pollution load index of
heavy metals In soil samples around
AshakaCem are presented in Table 2. Also
presented in Table 2 are the baseline values
(B-value) for heavy metals. There is yet no
established screening levels for heavy metals
in Nigerian soils, thus the B-values used in
this study were adopted from the Canadian
soil quality guidelines for the protection of

Table 2. Descriptive statistics of heavy metal concen

environmental and human health (CCME,
2007). Concentrations of heavy metals in the
studied soil samples followed and increasing
order of Cu<Zn<Pb<V<Ni<Cr with mean
concertation values of 6.09, 10.88, 23.26,
24.88, 34.32 and 90.56 mg kg respectively.
These values are lower than their
corresponding ~ B-values in  Canadian
agricultural soils except for Cr whose mean
concentration is about 1.2 times its B-value

(Table 2).

trations (Mg kg") of soil samples around

AshakaCem
Cr Pb Ni Cu Zn v PLI

Min 7450 1048 28.09 227 3.15 1639 015
Max 103.90 3967 4472 1511 23.47 3980 034
Mean 9056 2326 3432 609 10.88 2488 025
SD 9.29 9.87 4.67 3.85 8.33 72 0.08
Skew -0.27 0.53 1.14 1.59 0.73 0.64 0.00
Kurt 077 -088 191 276 136 -0.26 -1.86
CV(%) 1026 4243 1361 6321 7656 3103 EOTNE
B-Value 64.00 7000 5000 63.00 200.00 13000 B
(S:I\; = standard deviation |

= coefficient of variance
B-Value = Baseline values for heavy metals in agricultural soil (CCCME, 20017
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High concentration of Cr may be due to its
~ release from rotary linings by friction, wear

ind tear during cement production processes
hman and Shawabkeh, 2006). The
ce of anthropogenic activities on heavy
‘metal contents and their degree of dispersion in
soils are demonstrated by their respective
standard deviations (SD) and coefficients of
variation (CV) (Lu ef al., 2013; Suresh et al.,
2011). Zn, Cu and Pb recorded higher CV
values of 76.6, 63.1 and 42.4% respectively.
This is attributable to the influence of coal
combustion and cement production activities in
AshakaCem. Lu et al (2013), and Al-Oud et al
(2011) also attributed enhanced concentrations
of Pb, Cu and Zn in soils to anthropogenic

activities such as cement production and coal
combustion.

Pollution load index (PLI) was evaluated to
assess the environmental quality and total
degree of contamination of soil samples around
AshakaCem by heavy metals. PLI is a
comparative index which defines the pollution
status and toxicity of any given environmental
medium (Suresh et al, 2011). PLI was
evaluated following the equation (Lu et al.,
2013):

C

pLi =M 2] (©)

8V

where C; is concentration of heavy metal j in
the studied soil and BV is the B-value for
heavy metal j. PLI <l indicates insignificant
soil pollution while PLI >1 show that the soil
is polluted. Calculated PLI values of heavy
metals in soil samples around AshakaCem are
generally low, ranging between 0.15 and 0.34
with an average value of 0.25 (Table 2). This
low PLI values show that heavy metal
contamination of soil around AshakaCem is
relatively insignificant.

Maultivariate Statistical Analysis

Radiological ~ variables, ~ heavy  metal
concentration and PLI for soil samples around

Nigerian Journal of Physics 27(2) 2018

AshakaCem were subjected to s
analysis using a statistical software packagy
SPSS 22.0. This was necessary to establish ap;
interdependency and mutual relationships that
may exist among all the variables.

Pearson correlation analysis

Pearson correlation coefficients for the
analysed variables are presented in Table 3.
Very strong positive relationship is observed
between Cr and Ni (= 0.83), Crand V (7 =
0.70) and Ni and V (' = 0.76). This highly
positive relationship presupposes that Cr, Nj
and V in the investigated soil samples have a
common origin and exhibits identical
behaviours during their transport through soil
medium (Suresh et al., 2011). All the studied
heavy metals correlates positively with PLI
(0.66<r’<0.83), indicating that Cr, Pb, Ni, Cu,
Zn and V contributes mutually to metal
pollution in soil samples around AshakaCem.

Similarly, significantly positive correlation
exist between the primordial radionuclides
(***Ra, 2*Th and *°K) in the soil samples and
the radiation hazard parameters
(0.68<r*<0.98). This shows that gamma dose
incurred by the population in the vicinity of the
AshakaCem is principally due to exposure to

R, " Thand YR present in the surrounding
soil.

Principal component analysis (PCA)

The data set obtained in this study was
subjected to principal component analysis to
identify any possible underlying factor
responsible for the relationship that may exist.
The PCA was performed using varimax
rotation method with Kaiser Normalization.
The obtained factor loadings with their
respective  percentage of variance and
communalities are shown in Table 4. Three
principal components were delineated with
eigenvalues greater than 1 which accounts for
87.71% of the total variance. Component 1
accounts for 46.02% of the total variance and
1s  heavily loaded positively on activity

WWw.nipng.org
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concentrations of
(mRa, 2271 and

Brimordial radionuclides
K) in association with
radiological variables. This indicate that the
radioactivity level in the surrounding soil of

AshakaCem 18 determined by  the
concentrations of “Ra, *’Th and “K.
Component 2 which explains 21.25% of the
total variance is very strongly correlated with
pb, Zn and PLI, with positive loading values of
0.72, 0.96 and 0.81 respectively (Table 4).
Component 3 is characterized primarily by

high positive loading of Cr, N; and V
) and

accounts for 20.4% of th i

component. show a co:mt]c::l Z::?;;?' T'his
'?%qrce possnbly‘anlhropo genic for these lr::tt;(lm
s result s €r  corroborated bs.
sngmﬁcantly positive relationship betwe Cy
Ni and V (Table 3). Figure | gives g (tre.
dimensional pictorial representation of f}?-
three loading components, The results of mf:

PCA are well corroborated wi
| with
correlation analysis, iy

Table 3. Pearson correlations matrix of measured variables in soil samples around AshakaCem

Cr _Pb Ni_ Cu Zn V PLIL "™Ra ™Th “K Ray Dy AEDE ELCR
Cr 1.00
Pb 037 1.00
Ni 0.83 040 1.00
Cu 064 024 048 100
Zn 0.51 0.57 047 065 1.00
¥ 070 033 076 0.53 0.17 1.00
PLI 078 069 075 080 083 066 1.00
uep, 053 -0.10 029 040 004 037 024 100
w044 011 031 044 008 029 024 092 1.00
s 046 006 0.11 026 008 020 020 080 070 1.00
Ra,, 050 -0.03 024 038 008 028 024 095 092 092 1.00
Dy 051 -002 023 037 009 028 024 09 091 093 100 1.00
AEDE (057 013 024 048 051 0.6 046 079 068 081 082 083 100
ELCR 050 000 021 035 013 020 023 095 091 09 09 098 08 100
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The overall results together with statistical
analysis show that. coal combustion and
cement production activities does not have
overbearing influence on the natural
radionuclide and heavy metal concentrations
in soil samples around AshakaCem.
Coefficients of variation of ***Ra, **Th and
“°K are generally low indicating their natural

abundance in soil. Positive relationsk
between Pb and Zn (Tables 3 and 4) suggest
their common origin. Activity concentrations
of primordial radionuclides in the soil
samples are lower than their mean values for
normal soils documented by UNSCEAR
(2000).

Table 4. Verimax rotated factor loadings of measured variables in soil samples around AshakaCem

Component
Variables 1 2 3 Communalites
Cr 0.40 044 0.70 0.85
Pb 0.13 0.72 021 0.58
Ni 0.09 035 0.86 0.86
Cu 031 0.58 0.45 0.64
Zn 0.06 0.96 0.09 0.93 =
v 0.13 0.12 093 | 059 4\
PLI 0.13 0.81 057 \ 0.99 J
226Ra 0.94 -0.05 0.27 0.95
232Th 0.89 -0.04 025 0.86
40K 0.91 0.09 0.02 0.84
Raeg 0.98 0.02 0.16 0.99
DR 0.98 0.03 0.15 0.99
AEDE 0.85 0.45 -0.01 . 092
ELCR 0.98 0.07 0.09 0.98
Eigenvalues 755 352 121
% of variance 46.02 21.25 2044
Cummulative % 602 67.27 §7.71
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Pafraeon methad: Principal Component Analysis

Rotafon methad: Vanmax with Kaiser Normalization

Component Plot in Rotated Space

Figure 1. Rotated factor loadings of component-1 (46.02%), component-
2 (21.25%) and component-3 (20.44%).

Furthermore, concentrations of heavy metals in
the studied soil samples are lower than their
respective B-values for agricultural soils given
by CCME (2007). Higher concentration of Cr
in the soil samples may be due to coal
combustion and cement production activities.

Conclusion

Mean activity concentrations of **°Ra, B2Th
and “K in soil samples were below the world
average values for normal soils. Estimated
radiation hazard parameters were lower than
the precautionary limits for radiation
protection. Furthermore, ~concentration of
heavy metals in soil samples around
AshakaCem were below the background
values for Canadian agricultural soils except
for Cr. The corresponding PLI values for heavy
metals were below unity. Contamination of soil

Nigerian Journal of Physics 27(2) 2018

Loy

samples around AshakaCem from natural
radionuclides and heavy metals is therefore
insignificant. The soil is thus fit for agricultural
activities and other domestic or industrial use.
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