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ABSTRACT

Human exposure to ionizing radiation from natural and artificial sources is an unavoidable phenomenon on Earth.
Radiation indices and dose rate for some markets in Cross River State, central senatorial district Nigeria, have
been measured utilizing a 451p ion chamber survey meter, and the following parameters of radiation were
calculated; annual effective dose equivalent, and excess life cancer risk. The ranges of dose dose rate measured
within Six major markets are as follows; Boki: 0.04usv/h to 0.510usv/h, Ikom: 0.08usv/h to 0.253usv/h, Etung:
0.00usv/h to 0.500usv/h, Obubra: 0.08usv/h to 0.320usv/h, Yakurr: 0.05 usv/h to 0.250 usv/h, and Abi: 0.06 usv/h
t0 0.160 usv/h .The mean value for the dose rate was 0.17 + 0.099 for Boki, 0.135 + 0.046 usv/h for Ikom, 0.157+
0.112 for Etung, 0.165 + 0.053 for Obubra, 0.107 + 0.039 usv/h for Abi, 0.146+ 0.053 usv/h for Yahurr. Mean
values of 0.379 + 0.510msvy?, 0.210 + 0.081msv/y, 0.271 + 0.267msv/y, 0.252 + 0.090msv/y, and 0.223 +
0.081msvly, 0.163 + 0.059 for AEDE were observed respectively for Boki, lkom, Etung, Obubra, Yakurr, and Abi
within the markets. Similarly, 0.622 + 0.238 x 103, 0.643 + 0.158 x 103, 0.876 + 0.853 x 103, 0.514 + 0.167 X
103, and 0.628 + 0.233 x 10, were recorded for ELCR, within the markets. The AEDE values are within the
permissible limit as recommended by the international bodies, the ELCR values are also within the permissible
limit. The AEDE & ELCR values indicates that the market areas are radiation safe for any radiological health
burdens that might arise due to absorbing doses from background ionizing radiation, but the probability of
occupants developing cancer over a lifetime exposure in market places is high. It is recommended that periodic
background ionizing radiation monitoring and evaluation should be carried out, and radioactive concentration of
nuclides in soil and rocks are been checked by local authority.

KEYWORD. lonizing radiation, Dose rate, markets, annual effective dose equivalent (AEDE).
Excess lifetime cancer risk (ELCR)
INTRODUCTION Background radiation is that which is naturally and
inevitably present in our environment. Human beings

It is imperious that the dose of background gamma
radiation levels is monitored and checked to avoid
public exposure (Moisola et al, 2023). Everywhere in
the world man generally is expose to background
gamma radiation, and the radiation can come from
different sources.

are exposed to background radiation that stems both
from natural and man-made sources (lgomah et al,
2024). In general, approximately 85% of the annual
total radiation dose of any person comes from natural
radionuclides of both terrestrial and cosmogenic origin
(Belivermis et al. 2010; UNSCEAR 2000).
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The worldwide annual effective dose from natural
sources is estimated to be 2.4mSv (UNSCEAR 2000).
The earth crust contains various radioactive isotopes
such as uranium, thorium, radon, tritium, carbon and
potassium among others (Aziz et al, 2014). These
isotopes and their decay products have differences in
their half- life, which emits various types of radiation
such as alpha, beta, and gamma rays additionally,
cosmic radiation from the sun, contributes to gamma
rays surrounding the human body (Abooalfazi et al
2021). Conversely, the controlled man-made artificial
background radiations result from several sources
such as fall out of weapon testing, radioactive waste,
and the use of radioisotopes in radio-therapy. Both
controlled and uncontrolled sources of radiation may
have undesired biological effect of living species
(Orwa et al, 2012). Small traces of many naturally
occurring radioactive materials are present in the
human body (Taskin at al, 2009). These comes mainly
from naturally occurring radioactive nuclides present
in the food we eat and in the air we breathe. And this
isotope includes tritium (3H), carbon-14 (**C), and
potassium-40 (*°K) (Oyeyinka et al, 2012).

MATERIALS AND METHOD

Study area.

This research was carried out in Cross River State, in
the south-south geopolitical zone of Nigeria, with the
coordinates 5 945N, and 8° 30E. Cross River State
comprises of three senatorial districts: Northern Cross
River, Southern Cross River, and Central Senatorial
District. Observations were made in the central
senatorial district which comprises of six local
government areas, with six major markets across the
senatorial district.

Field measurement.

In-situ measurement of the background gamma
radiation level was done by making use of a portable
well-calibrated 451p ion chamber survey meter
capable of detecting beta, gamma, and x-ray particles
with a high sensitivity measurement of rate and dose
simultaneously from various radiation sources.
Readings were taken within the hours of 10 am and 4
pm hours. The survey meter was utilized to measure
the dose rate of gamma radiation in uSv/hr within the
six markets and 20 sampling points were taken for
each market. Measurement was done 1m above the

ground level, three measurements for each point were
taken and then averages were calculated for each
point.

RESULTS AND DISCUSSION.
Calculated Radiological parameters.
Absorbed dose rate (ADR)

Absorbed dose rate

The absorbed dose rate is calculated from the
exposure rate using the conversion factor
1uSvih =
1000NGY/N..eiiie )

Annual Effective Dose Equivalent (AEDE)

To enable the computation of annual effective
dose equivalent (AEDE) in the study area, the already
estimated absorbed dose rate was used in calculating
AEDE, a dose conversion factor for the outdoors of
0.25 (6 hours out of 24 hours) was used. The
occupancy factor for the outdoors was determined
based on interaction with people. In the market
(traders), it was discovered that they spend
approximately 6 hours in the course of their daily
activities within the study environment. The annual
effective dose was calculated using the following
relation.

AEDE (outdoor) (mSvy1) = Absorbed dose (nGyh1) x

8760h X ";j X0.25...cccunn.. 2)

Excess Life Cancer Risk (ELCR)

The possibility of contacting cancer by the

traders, buyers, sellers, and residents of the study
area throughout their lifetime in this environment can
be approximately obtained using the excess lifetime
cancer Risk (ELCR). The estimation is given as;
ELCR = AEDE x Average duration of life x Risk
factor................. (3)
Where AEDE, DL, and RF are the annual effective
dose equivalent, duration of life (70 yrs) and risk factor
(Sv?) fatal cancer risk per Sievert are considered to
produce stochastic effects. ICRP 60 uses values of
0.05 for the public

RESULTS.

The in-situ measurement of radiation dose rate of six
major markets in Cross River central Nigeria is
represented in Tables 1 to 6.
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Table 1: Dose rate in lkom market

Location | Dose rate Absorbed Dose | AEDE ELCR
uSv/h Rate (nGyh™?) (msvy? | X10°%
K1 0.11 110 0.17 0.595
K2 0.253 253 0.38 1.33
Ks 0.22 220 0.34 1.19
K4 0.193 193 0.29 1.02
Ks 0.17 170 0.26 0.91
Ks 0.12 120 0.18 0.63
Kz 0.15 150 0.23 0.81
Ks 0.097 97 0.15 0.53
Ko 0.08 80 0.12 0.42
Kio 0.11 110 0.16 0.59
K11 0.11 110 0.16 0.59
K12 0.11 110 0.16 0.59
Kis 0.127 127 0.19 0.67
Ki4 0.103 103 0.15 0.53
Kis 0.09 90 0.14 0.49
Kis 0.11 110 0.16 0.56
K17 0.107 107 0.16 0.56
Kis 0.14 140 0.21 0.74
Kig 0.127 127 0.19 0.67
K20 0.18 180 0.39 1.37
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Table 2: Dose rate measured within Etung Market

Dose rate Absorbed Dose
Location Rate AEDE ELCR
uSv/h (nGyh?) (msvy? X102
T1 0.13 130 0.19 0.67
T2 0.13 130 0.19 0.67
T3 0.11 110 0.17 0.59
T4 0.10 100 0.15 0.53
Ts 0.15 150 0.23 0.81
Te 0.12 120 0.18 0.63
Tz 0.42 420 0.64 2.24
Ts 0.10 110 0.17 0.59
To 0.18 180 0.28 0.98
Tio 0.17 170 0.26 0.91
Tu 0.09 90 0.14 0.49
T12 0.11 110 0.17 0.59
Ti3 0.50 50 0.08 0.28
T 0.18 180 0.28 0.98
Tis 0.11 110 0.17 0.59
T1e 0.14 140 0.21 0.74
T17 0.85* 850* 1.30 4.55
T1s 0.16 160 0.25 0.88
Tio 0.10 100 0.15 0.53
T20 0.14 140 0.21 0.74
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Table 3: Dose rate measured within Yakurr (Ekori Market)

Dose rate Absorbed Dose
Location Rate AEDE ELCR
uSv/h (nGyh') (msvy? | X103
Ua 0.14 140 0.21 0.74
Uz 0.18 180 0.28 0.98
Us 0.19 190 0.29 1.02
U 0.23 230 0.35 0.23
Us 0.11 110 0.17 0.59
Us 0.19 190 0.29 1.02
Uz 0.17 170 0.26 0.91
Us 0.13 130 0.20 0.70
U 0.18 180 0.28 0.93
Uio 0.14 140 0.21 0.74
Uu 0.17 170 0.26 0.91
Uiz 0.11 110 0.17 0.59
Uis 0.11 110 0.17 0.59
Uiq 0.06 60 0.09 0.32
Uis 0.05 50 0.08 0.28
Uis 0.16 160 0.24 0.84
Uiz 0.25 250 0.38 1.33
Uis 0.17 170 0.26 0.91
Uig 0.08 80 0.12 0.42
Uzo 0.09 90 0.14 0.49
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Table 4: Dose rate measured within Obubra Market

Dose rate Absorbed Dose
Location Rate AEDE ELCR
uSv/h (nGyh?) (msvy? X102
C1 0.16 160 0.25 0.88
C 0.12 120 0.18 0.63
Cs 0.08 80 0.12 0.42
C4 0.17 170 0.26 0.91
Cs 0.16 160 0.25 0.88
Cs 0.12 120 0.18 0.63
Cs 0.23 230 0.35 1.23
Cs 0.18 180 0.28 0.98
Co 0.19 190 0.29 1.02
Cio 0.11 110 0.17 0.59
Cu 0.18 180 0.28 0.98
Ci2 0.2 200 0.30 1.05
Cis 0.25 250 0.38 1.33
Cua 0.12 120 0.18 0.63
Cis 0.18 180 0.28 0.98
Cis 0.32 320* 0.49 1.72
Ciz 0.18 180 0.28 0.98
Cis 0.08 80 0.12 0.42
Cio 0.14 140 0.21 0.74
Ca0 0.12 120 0.18 0.63
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Table 5: Dose rate measured within Boki Market

Absorbed

Location | Dose rate Dose Rate AEDE ELCR

uSv/h (nGyh') (msvy?® | X103
E1 0.07 70 0.11 0.39
= 0.08 80 0.12 0.42
Es 0.04 40 0.06 0.21
Es 0.11 110 0.17 0.59
Es 0.11 110 0.17 0.57
Ee 0.19 190 0.29 1.02
Ez 0.16 160 0.25 0.88
Es 0.17 170 0.26 0.91
= 0.15 150 0.23 0.81
Eio 0.17 170 0.26 0.91
Ei 0.22 220 0.34 1.19
E12 0.26 260 0.399 1.397
Eis 0.16 160 2.45 8.58
Ei4 0.11 110 0.17 0.595
Eis 0.13 130 0.199 0.697
Eie 0.51 510 0.78 2.73
E17 0.25 250 0.38 1.33
Eis 0.14 140 0.35 1.23
E1o 0.23 230 0.35 1.23
Ezo 0.16 160 0.25 0.86
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Table 6: Dose rate within Abi market

Dose rate Absorbed Dose
Location Rate AEDE ELCR
uSv/h (nGyh?) (msvy?® | X103
N1 0.10 100 0.15 0.53
N2 0.07 70 0.11 0.39
N3 0.08 80 0.12 0.42
N4 0.08 80 0.12 0.42
Ns 0.09 90 0.14 0.49
Ne 0.18 180 0.28 0.98
N7 0.19 190 0.29 1.02
Ns 0.14 140 0.21 0.74
[\ 0.06 60 0.09 0.32
N1o 0.08 80 0.12 0.42
N1 0.09 90 0.14 0.49
Ni2 0.17 170 0.26 0.91
Ni3 0.11 110 0.17 0.59
Ni4 0.12 120 0.18 0.63
Nis 0.06 60 0.09 0.32
Nie 0.09 90 0.14 0.49
Ni7 0.14 140 0.21 0.74
Nis 0.11 110 0.17 0.59
N1g 0.08 80 0.12 0.42
N2o 0.09 90 0.14 0.49

Assessment of radiation profile and dose rate from major markets in central senatorial district of cross river state, Nigeria was
been measured using a well calibrated ionization chamber survey meter. The mean dose was measured across the six
markets which range from 0.107 + 0.039uSv/h in Boki market to 0.171 + 0.099/h in Abi market.
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Bar chart showing the Annual effective dose equivalent(AEDE) of
background gamma radiation in the Central Senatorial District

Fig 1. Bar chart showing the annual effective dose equivalent (AEDE) of the background gamma
radiation in central senatorial district
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Fig 2. Bar chat showing the annual effective dose equivalent of background gamma radiation around and
outside the market in central senatorial district. Bar chart showing the excess lifencancer risk
in central cross river senatoria district.
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Fig 3. Bar chart showing the excess lifencancer risk in central cross river senatoria district.
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Fig 4. Bar chart showing the annual effective dose equivalent of background gamma radiation within and
outside the markets in central senatorial district.
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Fig 5. Correlation analysis in the central senatorial district
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Fig.6 A graph of annual effective dose equivalent against absorbed dose rate in the central senatorial
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Fig.7 A graph of excess life cancer risk against absorbed dose rate in the central senatorial district
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Fig. 8 A graph of excess life cancer risk against annual effective dose equivalent in the central
senatorial district.

Table 7. Summary of regression equations in central senatorial district

SIN | Variables Equation r? Correlation status
1 AEDE | ADR AEDE =-0.116 + 0.00256ADR 0.806 | High
2 ELCR | ADR ELCR =-4.02 x 10 + 8.868 x 10°ADR | 0.788 | High
3 ELCR | AEDE | ELCR =-1.610 x 10° + 0.0035AEDE | 0.997 | High
DISCUSSION. 1.327x103 This is higher when compared to the world

Assessment of radiation profile and excess life cancer
risk from the six major markets across the central
senatorial district of Cross River State was obtained
utilizing a well-calibrated ionization chamber survey
meter. The dose rate measured ranges from
0.00uSv/h to 0.510 uSv/h with a mean value of
0.10740.039 pSv/h to 0.171+0.09 uSv/h. This is lower
than the world standard value of 1mSv/y for members
of the public (ICRP, 1991). The location that recorded
the highest dose rate, absorbed dose rate, annual
effective dose equivalent, and excess life cancer risk
was Boki market. This may be due to the increase in
economic activities, presence of rocks, and the
building material present in the market having radon
gases trapped in them.

The annual effective dose equivalent measured
ranges from 0.14msv/y to 0.30msv/y with a mean
value of 0.067+0.029msv/y to 0.223+0.654msv/y. This
was far lower than the world standard value of
0.48mSvly (Agbalagba et al, 2016). The excess life
cancer risk measured ranges from 1.02x107° to
8.58x10% with a mean value of 0.570x103 To

standard value of 2.9x104+ (UNCEAR, 2000)

We can clearly say that there's a probability of this
accumulated dose resulting into cancer for long-term
exposure especially in Abi and Etung market. This
suggests further studies to be carried out on sail,
water from the area.

The calculated excess life cancer risk (ELCR) values
for some markets like Etung and Boki are higher than
the world safe limit value of 2.9x10 (Aziz et al, 2014).
Therefore, it can be said that there is a radiological
risk, which may not lead to any immediate problem,
but should be checked for long term exposure.

The study in Table 6 indicates that there was high
correlation between AEDE and absorbed dose rate
(ADR), ELCR and ADR, annual effective dose
equivalent (AEDE) and excess life cancer risk (ELCR)
in the central senatorial district of Cross River State.
This indicates that from the regression equations, with
the measurement of dose rate, one can predict the
absorbed dose rate, annual effective dose equivalent
and excess life cancer risk. Also with absorbed dose
rate and annual effective dose equivalent, one can
also predict excess life cancer risk in the area.
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CONCLUSION

The background ionizing radiation of the six major
markets in central senatorial district of Cross River
State Nigeria, have been measured, the dose level are
relatively low both in the market and outside the
market, this further informs us that sellers, buyers and
nearby occupants are safe, and are within the
internationally accepted safe limit for members of the
public. Also we noticed from our measurement carried
out that the calculated values of the excess lifetime
cancer risk was higher in some markets than the safe
internationally accepted value, this may not lead to
immediate health problem but has to be checked for
long term exposure.
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