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Abstract

Disposal of large quantities of certain minerals (mining) containing “’K, **Th and *°Ra and other radionuclides
in the decay series of Th and U from the earth crust results in increase in the radionuclides concentrations. This
research looks at the radiological safety assessment of quarry Processing Site in Keffi, Nigeria. The activity
concentration of *°Ra, **Th and K in the five (5) different Soil samples, varied widely as 10.54%3.040 Bq/
kg, 2.61+1.170 Bq/kg and 36.99 + 7.490 Bq/kg respectively. Ungwan Tanko (UTN) has the highest activity
concentration of 14.90 = 2.30 Bq/kg for *Ra while Pyanku (PYK) has the highest activity concentration of
4.52 + 0.32 Bq/kg for »°Th. Activity concentration of *’K was highest (57.32 + 2.530 Bq/kg) in Ungwan Kwara
(UKW). It was also observed that Yalwa (YLW) had the lowest activity concentration of 02.20 + 1.31 Bq/kg for
226Ra, while Ungwan Tanko (UTN) had the lowest activity concentration values of 1.03 + 1.74 Bq/kg for *°Th and
Attab Fueling Station (AF'S) had the lowest activity concentration values of 13.67 £ 15.73 Bq/kg for K. Radium
equivalent activity Raeq (Bq/kg), alpha index, internal hazard index, and total cancer risk 17.52 Bq/kg 0.055,
0.077 and 6.82 x 107 respectively. Based on the results presented, the present quarry processing sites in Keffi has

less effect on ingestion rate of Soil and may poses no radiological risk to the population.
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Introduction

Naturally occurring radioactive materials (NORMs) are known
as all the radionuclides existing naturally in the environment,
which happens to be the primordial radionuclides K, #*Th and
28¥Ra, and their decay products exist in different amounts with-
in the earth [1-4]. Mostly, the concentration of NORMs in all
substances in the environment can be neglected, but disposal
of large quantities of certain minerals (mining) containing *°K,
22Th and ***Ra and other radionuclides in the decay series of Th
and U from the earth crust results in increase in the radionuclides
concentrations [4-9].

This research will look at the radiological safety assessment of
quarry Processing Site in Keffi, Nigeria

Experimental

Soil samples collection and preparation

Samples of dry Soil were collected from five different processing
site (Pyanku, Ungwan Kwara, Yalwa, Ungwan Tanko and Attab
Filling Station) of Keffi, Nigeria. The samples were collected
in a labelled polyethylene bag. Table 1 presents the samples in-
formation, in order to be sure that the samples represents all the

quarry being mined within Keffi Nigeria, A total of five (5) com-
posite samples were collected altogether [10-12]. The varieties
of the Soil samples were obtained through random sampling
based on availability were: Jan K’asa, Jan K’asa, Farin K’asa,
Jan Laka and Bak’in Laka. Plate 1 presents the varieties of Soil
samples from different quarry processing sites in Keffi, Nigeria.
The collected samples were taken to the Centre for energy re-
search and training, Ahmadu Bello University, Zaria for prepa-
ration and subsequent analysis. At the sample preparation labo-
ratory, the samples were pulverised to fine powder, then sieve so
as to obtain uniformly homogenous sample matrix and weighed
using an electronic balance. In order to avoid contamination of
the plastic containers, the plastic containers were washed with
distilled water, then rinsed with dilute HCI and finally air dried.
The plastic containers used for the sample, background and cali-
bration had the same geometry as the detector surface area in or-
der to ensure accuracy. The dimensions of the plastic containers
were chosen in such a way that it suited the optimal soil mass of
350 g for analysis of bulk samples. Each empty container with
its cover was weighed, then each of the pulverised samples was
placed in each container, labelled and reweighed in order to de-
duce the mass of the sample [13-16]. The inner portion of the lid
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of the plastic container was then coated with Vaseline and the
container sealed with the candle wax followed by sealing with
the masking tape to avoid any possibility of the escape of radon.
The containers were then kept for 28 days to avoid the escape

of Rn-222 gas and for the sample to attain secular radioactive
equilibrium between Ra-226 and its decay products in the ura-
nium series, and Ra-228 and its decay products in the thorium
series [17-19].

Table 1: Soil samples information.

S/N Sample Code | Collected from Soil Local Name | Quarry Mined from
1 PYK Pyanku Jan K’asa Toto

2 UKW Ungwan Kwara Jan K’asa Kokona

3 YLW Yalwa Farin K’asa Karu

4 UTN Ungwan Tanko Jan Laka Keffi

5 AFS Attab Filling Station | Bak’in Laka Nasarawa

Soil samples analysis

In order to measure the concentration of the naturally occurring
radioactive materials in the Soil samples collected. The proce-
dures reported elsewhere [20-23] were adopted. Nal (T1) gamma
ray spectrometry system situated at the Centre for Energy Re-
search and Training, Ahmadu Bello University, Zaria was used.
The detector assembly consisted of a 7.62 x 7.62 cm Nal (T1)
detector housed in a 10 cm thick lead-shielded, cadmium-lined

assembly with copper sheets for the reduction of background
radiation. The assembly was coupled to a computer-based Multi-
channel Analyser (MCA) card system MAESTRO software used
for the data acquisition and spectra analysis. The standards used
were the IAEA supplied reference materials RGK-1, IAEA-448
and RGTh-1 for the quantitative analysis of the “K, ??°Ra and
B2Th respectively.

Plate 1: Varieties Soil Samples in Keffi, Nigeria.
Legend: A: Jan K’asa; B: Farin K’asa; C: Jan K’asa; Jan Laka: Bak’in K’asa.

The system was set at an energy range of 0 to 3000 keV, which
accommodated the energy range interested in the present study.
Each sample was counted for 28,800 s (8 hours) in the set ge-
ometry. The activity concentration of ??Ra was determined by
the gamma line of its daughter 2“Bi (1760 KeV), 22Th activity
concentration was determined by the gamma line of its daughter
28T (2614 KeV) while the activity concentration of “K was
determined from its 1460 KeV gamma line. Energy calibra-
tion was carried out using a point source whereas the efficien-
cy calibration was done using a 500 mL multi-nuclide standard
solution of: ®Co (1173 and1332 keV), *'Am (59.54 keV), 1¥’Cs
(661.62 keV). The net number of counts under each photo peak
of interest was then background subtracted using the time cor-
rect spectrum taken using the blank container. The activity con-
centration was calculated using Equation 1 [24-26].

count rate (cpm)Ra, Th, K
background count rate (cpm)Ra, Th, K

Activity (Ra,Th,K) =

Assessment of radiation hazards associated with the
Soil samples

Radium equivalent activity (Raeq)

To compute the activity levels of ?°Ra, 22Th and *“K by a single
quantity, which takes into account the radiation hazards asso-
ciated with them, a common radiological index called Radium
equivalent activity was used. This parameter was calculated us-
ing Equation 2 [27-30] based on the assumption that 10 Bq/kg
of 2%Ra, 7 Bg/kg of #*Th and 130 Bq/kg of “°K produce equal
gamma dose.

Ra,=C,+143C,+0.077C,

Where C, , C, and C, are the activity concentrations of *Ra,
22Th and “K respectively.

Adv Theo Comp Phy, 2022

Volume 5 | Issue 3 | 519



Annual effective dose from ingestion of Soil

From the activity concentration of 226Ra, 232Th and 40K in the
Soil samples, the annual effective dose due to the ingestion of
Soil in humans was estimated using Equation 3 [31,32]

E =10"3(450 X 1078Cgy + 2.30 X 1077 Cpp + 6.20 X 107°C,)M

Where, M is the annual average quantity of Soil ingested per
person in Nigeria which was adopted as 9.13 kg/capita/year [30].
C is the specific activity concentration of radionuclides in Soil
determined in this work, and 4.50 x 1078, 2.30 x 1077 and 6.20
x 107 refers to the effective dose coefficients measured for the
radionuclides (Sv/Bq) for different age groups for the ingestion
of natural radionuclides ?°Ra, >*?Th and *°K respectively and 10
is the factor that convert from puSv to mSv [31-32].

Internal and alpha hazard indices

Internal hazard and alpha hazard indices (H, and I ) were used
to estimate the internal hazards that could arise from the inges-
tion of Soil, these indices were computed using Equation 4 and
5 respectively [31,32]. For radiation protection purposes, the
value of internal and alpha hazard indices must not exceed the
limit of unity. The maximum value of H,_ and I equal to unity

Results and Conclusion

corresponds to the upper limit of radium equivalent activity 370
Bq.kg™.

o Cra | Cm G
n 185 259 4810
Ara

la = 200(Bq/kg)

Cancer and hereditary risks

The cancer and hereditary risks due to low doses without thresh-
old dose known as stochastic effects were estimated using Equa-
tion 6 and 7 respectively based on ICRP, 2007 cancer risk assess-
ment methodology. The lifetime risks (70 years) of fatal cancer
were based on the hypothesis of linearity of dose and effect with-
out any threshold. The nominal risk coefficients for low doses as
adopted from ICRP based on data for cancer incidence weighted
for lethality and life impairment were 5.5 x 1072 and 0.2 x 1072
for cancer and hereditary risks, respectively, these values were
derived by [32].

Fatality cancer risk = total AED (Sv) * cancer nominal risk factor

Hereditary risk =total AED (Sv) *x hereditary nominal risk factor

Table 2: Specific activity of the NORMs in the analysed samples.

Sample Code | Ra-226(Bq/kg) Th-232(Bq/kg) K-40(Bq/kg)
PYK 12.70 = 6.05 4.52+0.32 54.45+1.310
UKW 13.51 £3.82 2.521+1.71 57.32 +£2.530
YLW 02.20 +1.31 2.04 +£0.42 2320+ 16.45
UTN 14.90 £2.30 1.03+1.74 36.30 + 1.450
AFS 11.38 £ 1.73 2.93+£1.67 13.67 £ 15.73
Mean 10.94+3.040 2.61x1.170 36.99 +7.490
Where PYK = Pyanku; UKW = Ungwan Kwara: YLW = Yalwa: UTN = Ung-
wan Tanko: AFS = Attab Fueling Station.

Table 2 presents the activity concentration of the naturally oc-
curring radioactive materials in five (5) different analyzed Soil
samples. #*Th had the lowest activity concentration in each sam-
ple compared to ??Ra and “’K, while K had the highest activity
concentration in all the samples analysed as expected since Po-
tassium is an important nutrient for man and is naturally avail-
able in abundance. The activity concentration of >2°Ra, **Th and
4K in the five (5) different Soil samples, varied widely and had
an average =+ error values of 10.54+3.040 Bq/kg, 2.61£1.170 Bq/
kg and 36.99 + 7.490 Bq/kg respectively. Ungwan Tanko (UTN)

was found to have the highest activity concentration of 14.90
+ 2.30 Bqg/kg for **Ra while Pyanku (PYK) was found to have
the highest activity concentration of 4.52 + 0.32 Bg/kg for #**Th.
Activity concentration of “°K was found to be highest (57.32 +
2.530 Bg/kg) in Ungwan Kwara (UKW). It was also observed
that Yalwa (YLW) had the lowest activity concentration values
of 02.20 + 1.31 Bqg/kg for **Ra, while Ungwan Tanko (UTN)
had the lowest activity concentration values of 1.03 = 1.74 Bq/
kg for #*Th and Attab Fueling Station (AFS) had the lowest ac-
tivity concentration values of 13.67 + 15.73 Bg/kg for “K.
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Result Analysis

Table 3: Radiological implications of the consumption of the Soil samples.

Sample Code | Raeq (Bq/kg) | I H, AEDx 10® | FCx107 |HRx10® | TR x 107
(mSv/yr)

PYK 23.36 0.064 | 0.097 1.77 9.72 3.54 10.1

UKW 21.53 0.068 | 0.095 1.40 7.68 2.79 8.00

YLW 06.90 0.011 | 0.025 0.65 3.56 1.30 3.69

UTN 19.17 0.075 | 0.092 1.02 5.61 2.04 5.81

AFS 16.62 0.057 | 0.076 1.15 6.32 2.30 6.55

Mean 17.52 0.055 | 0.077 1.20 6.58 2.39 6.82

Where Ra = Radium Equivalent Activity; Io. = Alpha Index; H, = Internal Hazard Index; CF = Fatality

Cancer; HR = Hereditary Risk; TR = Total Risk.

The radiological parameters associated with the consumption
of naturally occurring radioactive materials in Soil samples are
presented in Table 3. Considering the annual average quantity
of Soil ingested per person in Nigeria as 14 kg/year [32], the
average annual effective dose due to the ingestion of Soil in hu-
mans was estimated at 1.20 x 10® mSv/yr which was far (ap-
proximately 1000 times) lower than the world average annual
committed effective dose of 1.0 mSv/y for ingestion of natural
radionuclides provided in [32]. At the present average Soil in-
gestion rate of 9.13 kg/year in Nigeria [32], the annual effective
dose is far below the acceptable limit reported by [32]. Con-
sequently, it is important to predict the threshold ingestion rate
above which the average annual effective dose will exceed the
acceptable threshold of 1.0 mSv/y.

v
E o
B o

Averace AFTY imSiv

40.00 60.00 80.00 100.00 120.00

Soil Ingestion rate (Kg/yr)

Figure 1: Annual effective dose (AED) due to Soil Ingestion.

Figure 1 presents the average annual effective dose as a function
of ingestion rates. From the figure it could be observed that for
ingestion rates between 0 and 40 kg/yr, the AED is within the ac-
ceptable limit, therefore the threshold ingestion rate is 40 kg/yr
and any value slightly higher than the threshold values is prone
to significant radiological health risk.

Comparison of Results

Comparison of Activity Concentration with UNSCEAR. and

USEPA
500
400
300
200
100
0 — — — — - .
PYK UKW YLW UTN AFS UNSCEAR &

USEPA

BRa-226(Bg/kg) mTh-232(Bg/kg) K-40(Bq/kg)
Figure 2: Comparison of Activity Concentration with UN-

SCEAR and USEPA

In order to safeguard the members of pubic from the radiological
hazards associated with the Soil ingestion, radium equivalent ac-
tivity Raeq (Bg/kg), alpha index, internal hazard index, and total
cancer risk were estimated and found to be 17.52 Bq/kg 0.055,
0.077 and 6.82 x 107 respectively. UNSCEAR stipulated that;
radium equivalent activity should not exceed 370 Bq/kg, inter-
nal hazard index and alpha index should not exceed the limit of
unity, annual effective dose due to ingestion of naturally occur-
ring radioactive materials in Soil should not exceed 1.0 mSv/y
[32], hence the values obtained in this work were within the ac-
ceptable limits. Similarly, USEPA stated that the maximum ac-
ceptable total cancer risk should not exceed 1 x10¢, since all the
cancer risks obtained in this work were by far (approximately
100 times) less than the acceptable threshold, it implies that the
ingestion of Soil is not associated with any radiological risk of
concern. The fatality cancer risk for almost all the samples were
found to be approximately 30 to 40 times the hereditary cancer
risks. Of all the samples analysed.

Conclusion

At the present average Soil ingestion rate of 14.4 kg/y in Ni-
geria, the average annual effective dose due to the ingestion of
Soil in humans was approximately 1000 times lower than the
world average annual committed effective dose of 1.0 mSv/y
for ingestion of natural radionuclides provided in UNSCEAR
2000 report. It was established that for ingestion rates between
0 and 40 kg/y, the AED is within the acceptable limit, therefore
the threshold ingestion rate is 40 kg/y and any value slightly
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higher than the threshold values will be associated with a sig-
nificant radiological health risk. The radium equivalent activity
(Raeq), internal hazard index and alpha index were far lower
than their UNSCEAR acceptable thresholds of 370 Bq/kg and
1 respectively. Furthermore, the total cancer risk due to fatality
and hereditary effects that may arise from Soil ingestion was ap-
proximately 100 times less than the USEPA acceptable threshold
of 1 x10* Therefore, the present quarry processing sites in Keffi
has less effect on ingestion rate of Soil and may poses no radio-
logical risk to the population.
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