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ABSTRACT
A comprehensive study of the background ionising radiation (BIR) of some selected markets in Effurun and Warri cities was
carried out, in view of ascertaining the possibility of traders, customers and the general public contracting potential
radiological illnesses, using Digilert 200 Nuclear Radiation Monitor. The obtained market mean exposure rates value is 0.015
mRh* which exceeds the world exposure rates limit of 0.013 mRh-1, and the computed mean of radiological health hazard
associated with the obtained exposure rates values were 1.221 msvy?, 125.712 nGyh, 0.154 msvy and 0.541 for Equivalent
Dose Rate, absorbed dose rate, annual effective dose equivalent and excess lifetime cancer risk, respectively. These computed
radiological health hazards slightly exceed the various world limits. This slight increase in both measured and computed
values may be attributed to radiation released from food crops, spices, antiques, etc, that are being sold within the markets.
The results show that traders, customers, and the general public may be exposed to radiation emitted by the market’s products.
However, the traders, customers and the general public are radiologically safe as these values may not pose an immediate

health challenge to them and the environment.
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INTRODUCTION

Radiation has constantly been in existence within our
environment since the origin of the earth (Esi et al., 2023;
Ugbede and Echeweozo, 2017). Primordial or terrestrial
radiation, cosmic radiation, and anthropogenic radiation are
the three main sources of radiation, contributing to the
potential risks humans are exposed to daily (Esi and
Akpoyibo, 2024; lke, 2003; Chandrashekara et al., 2012;
Saleh et al., 2007; Ofomola et al., 2017; lkegu et al., 2024;
Oghenevovwero et al., 2025). Energy emitted in the form of
radiation manifests ubiquitously in our environment and
marketplaces, which appears in waveforms or particles. This
energy cannot be seen or detected by our naked eye, because
they are electromagnetic wave. In most cases, people
dwelling or trading in those environments are ignorant of the
potential damage it may cause to human health. Hence,
humans are endlessly immersed in these ionising radiations
naturally occurring in our marketplaces, and the level of
exposure if not properly checked, may lead to negative
health implications to man and the environment (Maza et al.,
2025; Rajan, 2017; Esi et al., 2019). Some of these negative
implications for human due to exposure to radiation and the
inhalation or ingestion of radioactive materials are cancer of
the skin, cancer of the breast, cataracts of the eye, gene
mutation, genetic disorders, the deterioration of bones, acute
leu kopenia, anemia necrosis of the mouth, cataract, chronic
lung cancer and leukemia and blood cells in the whole body,
and the resulting to death are among several negative
implications to human (Jwanbot, 2011; Ononugbo and Nte,
2017; UNSCEAR, 1993; Farai and Vincent, 2006; Okeyode
and Oluseye, 2010; Esi and Akpoyibo, 2023). Cancer
remains one major harmful effects produced by ionising
radiation. The assessment of the radiation level and its
implications on humans and the environment has previously
received considerable attention by scientists worldwide
(Bouzarjomehri et al., 2005; Biere et al., 2023; Qureshi et
al., 2014; and Ononugbo et al., 2016; Emelue et al., 2014;

Esi et al., 2021; Shashikumar et al., 2008). However, there
is little research work done on assessing environmental
radiation in the marketplace in Nigeria, where most adults
spend much of their time during the day. Most markets
within Effurun and Warri cities are majorly open-roof
markets or engineered open-air markets, with few lockup
shops therein where different commodities that may emit
radiation, such as food, which mostly absorb radioactivity
through plant roots, deposition of radioactive particles on
crops and bioaccumulation. Others are building materials,
antiques such as jewellery, furniture, ceramics dishes,
watches, Vaseline glass and sold treasures, which may
contain small amounts of uranium; also, cigarettes made
from tobacco commodities contain trace radioactive
elements (Anekwe and Olanrewaju, 2019; Ningappa et al.,
2008). However, traders tend to spend hours in the market
and as such, are likely to be exposed to and absorb radiation
doses emitted from those commodities over time (Ononugbo
and Anekwe, 2020; Ajayi et al., 2012). These may be the
cause of the increase in breast cancer among market women,
as reported in recent times within the local health centres. It
is therefore necessary to assess the outdoor radiation level
that traders, customers and the general public may be
exposed to and its potential radiological health risk in market
within Effurun and Warri cites.

MATERIALS AND METHODS

Study Area

The study area comprises two major cities in Delta State,
they are: Effurun and Warri cities. These cities are the
headquarters of Uvwie and Warri South Local Government
Areas, respectively. Thus, the cities are regarded as the
commercial capital of the Delta state. The cities have a
latitude of 5° 33' 22" N and 5° 31' 2.53"N and Longitude 5°
47" 4" E and 5° 45' 0.22" E, respectively, with a population
of approximately 1,450,000 residents in both cities (NPC,
2010). The cities are known for their mercantile,
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industrialized and socio-economic activities all over the
world. Effurun and Warri cities play host to oil and gas
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companies, State and Private Hospitals, Banks, institutions
and hotels.

Figure 1: Map showing the GIS of Efffurun and Warri Cities

Since some of the consumable products, construction
materials and other products sold in the market may emit
radiation, there is a need to ascertain the outdoor radiation
level of some of the major markets within Effurun and Warri
cities. In order to carry out this assessment, an in situ
approach was used to measure background ionisation
radiation (BIR) level of fourteen (14) major markets within
Effurun and Warri cities using a well-calibrated Digilert 200
nuclear radiation monitor with a 137Cs source. The nuclear
monitors contain a Geiger-Miller tube that detects «, 8, y
and x-rays. During usage, the temperature of the nuclear
monitors ranged between -10°C and 50°C and radiation was
measured in counts per minute, mR/hr and uSv/h. The
nuclear monitors have the energy sensitivity of 3500
CPM/mRh, which is referenced to as Cs-137. Furthermore,
its highest y and 8 detection efficiencies are 15% and 25%,
respectively. Each time, when radiation passes through the
Geiger-Mdiller tube, a pulse current is generated, which
causes ionization that can be detected and registered as a
count electronically. The scientific method of raising the
nuclear monitors above the ground of 1m standard height
(Ajayi and Laogun, 2006; Ononugbo and Nte, 2017) was
adopted, with the monitor window facing the suspected
source within a period of over 60 seconds. These
measurements were carried out within the hours of 8:00 am
to 4:00 pm. Data were used to compute radiological hazard
indices using mathematical/ analytical methods and
analysed with the aid of Gamma Scout software for the
purpose of graphical illustration/correlation outlines.

Equivalent Dose Rate (EDR):

In order to calculate approximate equivalent doses received
by the whole body of human within a time frame of 365 days,
the scientific Radiation Protection and Measurement’s
recommendation of the National Council was used for
evaluation (Equation 1).

0.96 x 24 x 365

1mRh_1 = [ 100

| = 84.096 msvy~* 1

Absorbed Dose Rate (ADR)

An ADR is the total of energy absorbed by the human body
due to radiation penetration/radiation exposure. The
mathematical equation (Equation 2) was used to compute
absorbed dose from the obtained background radiation
results (Agbalagba, 2016).

1.001x24x365

1U.Rh_1 = [ 1000

| = (8.7nGyn™} 2
This implies that;
1mRh™! = 8.7nGyh™! x 103 =8700 nGyh™?!

Annual Effective Dose Equivalent (AEDE)
The AEDE is one of the factors used to compute potential
health implications that may affect the human body within a
period of one year and if possible, in the near future. In
computing AEDE, the conversion factor of OFT= 0.7 Sv/Gy
and occupancy factors OFT for outdoor and indoor are 20%
and 80% exposure, respectively, as recommended by
UNSCEAR (2000). While T= 8760 h is the total time in a
year (Equation 3).

AEDE (outdoor)mSvy™1 =

Absorbed Dose nGyh™ X T x CFT X OFT 3

Excess Lifetime Cancer Risk (ELCR)

The ELCR deals with the lifetime possibility of humans
having potential cancer or related radiological ill health due
to radiation exposure over time. In order to assess the ELCR,
the computed values from AEDE, the estimated lifetime
ELT of 70 years and fatal cancer risk factor RFT 5% for
public exposure implication was used for the computation as
shown in equation 4 (Taskin et al., 2009).

ELCR = AEDE X ELT x RFT 4

RESULTS AND DISCUSSION

The results of the measured BIR exposure levels and
computed potential health hazard indices for both traders and
customers’ operating in Effurun and Warri cites markets are
presented in Table 1.
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Tablel: BIR mean exposure levels and computed potential health hazard of Efurun and Warri cities Markets.

SIN Markets Average EDR ADR AEDE ELCR
BIR (mSvy?) (nGyh?)  (mSvy?l)  (x103)
(mRh?)
1. Main Market- Ogbe ljoh 0.011 0.931 96.112 0.118 0.413
2. Hausa-Quarter 0.014 1.194 123.514 0.152 0.530
3. Delta-Mall 0.021 1.769 182.987 0.224 0.786
4. Pessu/Macaiva 0.016 1.349 139.563 0.171 0.599
5. Uti 0.012 1.024 105.931 0.130 0.455
6. Ugbromo 0.014 1.118 115.697 0.142 0.497
7. Fupre 0.015 1.291 133.420 0.164 0.574
8. Agbarho 0.012 0.977 101.097 0.124 0.434
9. Okan 0.014 1.148 118.794 0.146 0.510
10. Osubi/Okuokoko 0.013 1.128 116.705 0.143 0.501
11. P.T.I Junction 0.014 1.145 118.417 0.145 0.508
12. Robinson Plaza 0.018 1.545 159.802 0.196 0.686
13. Enerhen Junction 0.016 1.33 137.629 0.169 0.591
14, Effurun 0.013 1.062 109.872 0.134 0.472
Mean 0.015 1.221 125.712 0.154 0.541
World-Value 0.013 1.00 59.00 0.07 0.29

Background ionizing radiation (BIR) levels

The obtained BIR values of Effurun and Warri cites markets
varied from 0.011 mRh-tat Main market - Ogbe ljoh to 0.021
mRh-t at Delta mall, with a mean value of 0.015 mRh-1. The
obtained values slightly exceed the recommended
permissible limits of 0.013 mRh-t (ICRP, 2007; Osimobi et
al., 2015; Agbalagba et al., 2016) except the main market -
Ogbe ljoh, Uti, Agbarho and Effurun markets, which are
within the permissible limits. Figure 2 shows the graphical
representations of the obtained values. These slightly high
values may be attributed to the kind of food crops/spices,
antiques, Vaseline glass, cigarettes, ceramics, dishes and
building materials that are being sold within the markets.
The results show that the traders, customers and the general
public may be exposed to the emitted radiation coming out
from the market's products. These values also exceeded
reported values in Markets around Nigeria (Maza et al.,
2025; Ononugbo and Anekwe, 2020; Anekwe and
Olanrewaju, 2019). Nevertheless, the Effurun and Warri
markets are radiologically safe for trading activities.

Equivalent Dose Rate (EDR)

The EDR obtained values of Effurun and Warri cites markets
varied from 0.931 mSvy? at Main market - Ogbe ljoh to
1.769 mSvy! at Delta mall with a mean value of 1.221
mSvy?t. All the obtained values slightly exceeded the
recommended permissible limits of 1.0mSvy? (ICRP, 2011;
Mokobia et al., 2016) except main market - Ogbe ljoh and
Agbarho markets which are slightly lower than the
permissible limits for the public, and this suggests that the
radiation level of the markets is elevated. Figure 3 shows the
graphical representations of the obtained values. These high
values may be attributed to the kind of food crops/spices,
antiques, Vaseline glass, cigarettes, ceramics dishes and
building materials that are being sold within the markets. On
the other hand, the Effurun and Warri cities markets are
radiological safe for trading activities.

Absorbed Dose Rate (ADR)

The obtained values of 96.112, 123.514, 182.987, 139.563,
105.931, 115.697 and 133.420 nGyh! are for the markets in
Ogbe-ljoh, Hausa-Quarter, the Delta Mall, Pessu and
Macaiva, Uti, Ugbromo, and the Premises of Fupre
respectively, while the obtained values for the markets at
Agbarho, Okan, Okuokoko and Osubi, PTI Junction,
Robinson Plaza, Enerhen and Effurun respectively are
101.097, 118.794, 116.705, 118.417, 159.802, 137.629 and
109.872 8nGyh™, respectively with mean value of 125.712
nGyh®. The mean gamma absorbed dose rates for the
markets of Effurun and Warri cities exceed the world limit
59.00 nGyh? (UNSCEAR, 2000). Figure 4 shows the
graphical representations of the obtained values. These
values are an indication that the Effurun and Warri cities
markets radiologically contaminate the products sold
therein; hence, the markets need appropriate attention
radiologically. However, there may not be immediate health
implications on the traders, customers and the general
public, but there may be future radiological health
implications as a result of dose accumulation. The obtained
values are in agreement with reported values within the
region (Biere et al., 2023; Emelue et al., 2014).

Annual Effective Dose Equivalent (AEDE)

The computed annual effective dose equivalent (AEDE)
received by traders in the studied Effurun and Warri cities
markets are 0.118, 0.152, 0.224, 0.171, 0.130, 0.142 and
0.164 mSvy* for Ogbe-ljoh, Hausa-Quarter, the Delta Mall,
Pessu and Macaiva, Uti, Ugbromo, and the Premises of
Fupre respectively while Agbarho, Okan, Okuokoko and
Osubi, P.t.i Junction, Robinson Plaza, Enerhen and Effurun
markets have 0.124, 0.146, 0.143, 0.145, 0.196, 0.169 and
0.134 mSvy* respectively which resulted to an overall mean
of 0.154 mSvy™. These values exceeded the world limit of
outdoor 0.07mSvy?! (UNSCEAR, 2000; ICRP 2011;
Boonville et al., 2014). Figure 5 shows the graphical
representations of the obtained values. These values are

World Journal of Applied Science and Technology, Vol. 17 No. (2) (2025) 90- 96 92



Open Access article published under the terms of a
Creative Commons license (CC BY).
http://wojast.org

similar to scientifically reported values by (ldris et al., 2021;
Ononugbo and Mgbemere, 2016; Agbalagba, 2016) in
residential area within Nigeria. This increase in the dose rate
is an indication that the studied markets are radiologically
contaminated due to emitted radiation from the kind of
product been sold at the markets.

Excess Lifetime Cancer Risk (ELCR)

The estimated ELCR values are 0.413, 0.530, 0.786, 0.599,
0.455, 0.497 and 0.574 for the markets in Ogbe-ljoh, Hausa-
Quarter, the Delta Mall, Pessu and Macaiva, Uti, Ugbromo,
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and the Premises of Fupre, respectively, while markets at
Agbarho, Okan, Okuokoko and Osubi, PTI Junction,
Robinson Plaza, Enerhen and Effurun are 0.434, 0.510,
0.501, 0.508, 0.686, 0.591 and 0.472, respectively with an
overall mean of 0.541. These computed values exceeded the
world limit of 0.29x10%, as documented by UNSCEAR
(2000) and Taskin et al. (2009). Figure 6 shows the graphical
representations of the obtained values. This ELCR value
indicates that there is a likely possibility that traders and the
general public may develop cancer with time as a result of
exposure
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CONCLUSION computed values may be attributed to radiation released

A comprehensive study of the background ionising radiation
(BIR) in selected markets in Effurun and Warri cities was
carried out to ascertain the possibility of traders and the
general public contracting potential radiological illnesses
within the localities. The study revealed that the BIR levels
in the markets studied exceeded the world BIR limit 0.013
mRh-1, except in a few markets where the measured values
are within the acceptable limit 0.013 mRh-%. The computed
radiological health hazard slightly exceeded the various
world limits. This slight increase in both measured and

from products sold at the markets. However, the traders and
the general public are radiologically safe as these values may
not pose an immediate health challenge to them and the
environment. However, in the long-term, there may be
potential health hazards due to accumulated doses.
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