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ABSTRACT

Measurement of terrestrial background ionizing radiation of blacksmith workshops of Gombe State, Nigeria
was carried out using well-calibrated Geiger-Muller counter meters and a meter tape. The measured average
exposure rate of two line-sections are 0.018+0.002 and 0.017+0.002 mRh-%. Estimated equivalent dose rates
for the two line-sections are 1.50 and 1.45 mSvy’. The average absorbed dose rates estimated in line-section
one and line-section two are 154.94 and 149.97 nGyh respectively. Annual effective dose equivalent
(AEDE) of 0.48 mSvy! was obtained for outdoor exposure in line-section one while in line-section two,
AEDE was 0.23 mSvy!. The calculated mean excess lifetime cancer risk values for the blacksmith workshop
sections are 0.83x 107 and 0.80 x 107, The obtained values for background ionizing radiation in the line-
sections of blacksmith workshop were above the recommended standard limit by ICRP while the absorbed
doses (D) were above the recommended value and AEDE calculated in two line-sections of blacksmithing
workshops were within the safe values this implies that blacksmithing activities in these areas may not
influence the doses received by public. The excess lifetime cancer risk (ELCR) estimated were higher than
their world permissible values of 0.29 x 10 respectively. The calculated dose to organs showed that the
testes have the highest organ dose of 0.153 mSvy-*while liver has the lowest organ dose of 0.086 mSvy™.
This result shows that exposure to background ionizing radiation levels in all line-sections of blacksmithing
workshops contribute insignificantly to the radiation dose to these organs in adults and no case of symptoms

referable to the radiation exposure.
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INTRODUCTION

Natural environments are known to be made up of some level
of radiation concentration, due to human activities these
natural environments have experienced elevated level of
radiation emissions. Human beings are still exposed to ionizing
and non-ionizing radiation from various sources. The use of
productive sources of radiation has spread widely, leading to
greater interactions between people. (Kumar et al., 2016;
Mosavianasl et al., 2018). Aremu (2008) showed that the
spongy mass of metallic iron known as the flower is mostly
sold to blacksmiths after mining, with whom they produce
many items, such as farm implements, hunting and fishing
tools, ceremonial staff, military arms and royal political
swords. This local industry has created employment
opportunities starting from the miners, to blacksmiths,
purveyors and even to users of products from the
blacksmithing industry. Of all the crafts, blacksmithing is
easily one of the most hazardous usually extensively marked
and scars by burns and injuries gotten through their activities
as well as radiation exposure. Exposure of workers to
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aluminum or iron furnaces may induce a serious damage to the
eyes and develops cataract. Monitoring of radiation to protect
workers ' health conditions can reduce the cost of injuries.

Blacksmithing requires creating objects for ease of
manipulation by heating iron and its alloys. In essence,
blacksmithing turns metal by heating and hammering into its
physical form and appearance (Shelter Centre, 2013). The
ability to translate the desired result from the mind to the
metal, significantly, is the art of blacksmithing (Wyland,
2014). Blacksmithing is one of the major industries and certain
adverse physical factors such as noise , heat and radiation are
exposed to its workers (Peng et al., 2007). Exposure to all
these (heat, noise and radiations) from the blacksmithing
workshops may pose a threat to human health. Hence, there is
need to examine the present radioactivity status of the
blacksmithing workshops. A critical purpose of radiation
safety for scientists and regulatory agencies is to determine
exposure to ionizing radiation. This study assessed the
background radiation level in blacksmithing workshops in
Gombe, Gombe State.
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One of the necessary mechanisms of unified assessment in the
public health organization of radiation emergencies is to easily
and surely calculate and categorize exposure (UNSCEAR-
A,2000). Proof of the extent of background radiation is
therefore of utmost importance (Drek, 2010). Generally,
measurement and categorization of background radiation level
of our environment is of paramount importance. Kuroda
(1991) show that the background radiation levels were
estimated to be from a mixture of terrestrial levels (K-40, Th-
232, Ra-226). He stated that the worldwide level is fairly
constant, being 0.008-0.015 mRh1. Avwiri and Ebeniro (1998)
In an industrial area of the Rivers State, external environmental
radiation has been studied. They suggested an average value of
0.014 mRhL, Sadigq and Agba (2011) measured with the of use
of an Inspector Nuclear Radiation Detection Meter, indoor and
outdoor background radiation measurements were taken and
stated that the indoor readings ranged from 1.04 to 1.75 mSvy?
while the readings at the outdoor level ranged from 0.24 to
0.44 mSvy!. Studies have shown that radiation exposure to
occupational and non-occupational radiation is blacksmithing
and welding workplaces may lead to some health hitches such
as Erythema, Cataract, Photokeratitis, Dermatitis and Skin
Melanoma (Megbele et al., 2012). Gombe State is a state
known to be vast in agricultural and blacksmithing activities.
The state is situated right within the expansive savannah region
in North-East geopolitical zone of Nigeria. The state covers an
expanse of 20,265 Square kilometers area with geographical
positioning 10.3638°N, 11.1928°E and it shares a common
boundary with the states of Borno, Taraba, Adamawa and
Bauchi States (The World Gazetteer TWG, 2007). Gombe
State has two distinct climates, the dry season between
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November and March; and the rainy season between April and
October with an average rainfall of 850 mm, this is quite
abruptly changes presently as a result of climate change.
Agriculture is the primary profession of the citizens of the
state, these have encouraged the local production of farm tools
implement. Blacksmithing activities cater for most of the local
production of these farm tools implement which enhances
farming activities in the state. Precious mineral resources such
as columbite, coal and aquamarine are blessed by the ministry.

MATERIALS AND METHODS

The measurements of in situ for the terrestrial background
radiation were done openly in an undisturbed manner above
the surface of the soil of the blacksmithing workshops. This
was achieved with use of a well calibrated Geiger-Muller rad-
monitor (S.E. International Incorporation, Summer Town,
USA). The Geiger-Muller monitor includes a tube capable of
detecting alpha, beta, gamma and X-rays within the 10 °C and
50 °C temperature range. Every time radiation passes through
the tube and induces ionization, the Geiger-Muller tube
produces a pulse current. Each pulse is sensed and recorded
electronically as a count. The radiation meters were calibrated
with a 13Cs source of a specific energy and set to measure
exposure rate in milli-Roentgen per hour (mRhrt) (Olanrewaju
and Avwiri, 2017). The meter has an accuracy of +15%. The
measurements were performed by placing the radiation meter
at the target sampling points or at various distances from the
blacksmithing workshops. The background radiation level was
recorded within the period necessary in line with the peak
response to environmental radiation

Evaluation of the annual all-body equivalent exposure rate, guidelines of the National Council on radiation protection and
Measurement has been employed (UNSCEAR, 2000). Effects of the whole body equivalent dose rate estimated (UNSCEAR,

2000) were obtainable as shown in Tables 1 and 2.

— 0.596x 24365 -
1 mRh 1= Tm.‘iv}r 1

Absorbed Dose Rate

@

The data obtained for the outdoor contact rate in uRh* were also converted into absorbed dose rates nGyh with the conversion

factor (Rafique et al., 2014).

1uR/h = 8.7 nGy/h = 87 x 107 uGy/(1/8760y) @

Annual Effective Dose Equivalent (AEDE)

To estimate the annual effective dose equivalent (AEDE) exposure of workers in the blacksmithing workshop area, estimated
absorbed dose rates were used. The dose conversion factor of 0.7 Sv / Gy and the outdoor occupancy factor of 0.25 (UNSCEAR,
2000) (6 hours out of 24 hours) were used in AEDE computing since people in the study area typically spend this time because of
the nature of their activities. The outdoor occupancy factor was determined on the basis of an interview with employees in the
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field of research. Owing to the design of their routine, worker in the study area spend almost 6 hours outside. Using the following
relationship, the annual effective dose was calculated (UNSCEAR, 2000).

AEDE (outdoor)(mSvy~1) = Absorbed dose rate (%) X 8760h % 0.7 z—L X 0.25 (3)
-

Excess Life Cancer Risk (ELCR)

Excess Lifetime Cancer Risk (ELCR) can be calculated with the possibilities of blacksmithing workers and study area residents
having cancer in this setting, although there is no evidence of radioactive component outbreaks. Extrapolation from indication-
maintained, high-dose reactions to low-dose responses from the Linear No Threshold (LNT) hypothesis states that all acute
ionizing radiation exposures down to zero are harmful. The harm is proportional to the dose and, irrespective of how low the dose
rate is, is cumulative throughout life (Mishra, 2017). This research is focused on the conventional late (stochastic) results of
worldwide radiation safety criteria that are focused on the LNT hypothesis (Stewart et al., 2012). The estimated annual effective
dose was used to estimate the ELCR (Excess Lifetime Cancer Risk) equation.

ELCR = AEDE X Average duration of life(DL) X Risfactor (RF) (4)
where AEDE, DL and RF is the annual effective dose equivalent, duration of life (70 years) and
risk factor (Sv'%), fatal cancer risk per sievert. For low dose background radiations which were

considered to produce stochastic effects, ICRP 60 uses values of 0.05 for the public exposure (Taskin et al., 2009; Mohammed et
al., 2014)

Effective Dose Rate Dorgan in mSvy! to Different Organs and Tissues

The effective dose rate for a particular organ can be determined using the following ratios:
Dorgan (mSvy™') = O x AEDExF (5)

where AEDE is annual effective dose, O is the occupancy factor 0.8 and F is the conversion factor for organ dose from ingestion.
Conversion factor (F) values are 0.64, 0.58, 0.69, 0.82, 0.62, 0.46 and0.68 for lungs, ovaries, bone marrow, testes, kidneys, liver
and whole body, respectively, as obtained from ICRP (Avwiri, 2007).

Table 1. The mean radiation exposure rate and estimated radiation risk parameters of line-section one

S/No. Distance (m) Average Equivalent dose ~ Absorbed dose Annual Excess
exposure rates rates (mSvy?) (nGyh) Effective Dose Lifetime
(mRh?) Equivalent Cancer Risk

(mSvy) x109)

1 0 0.020+0.001 1.71 176.90 0.27 0.95

2 5 0.019+0.003 1.60 165.30 0.25 0.89

3 10 0.014+0.002 1.21 124.70 0.19 0.67

4 15 0.016+0.002 1.37 142.10 0.22 0.76

5 20 0.020+0.005 1.68 174.00 0.27 0.93

6 25 0.018+0.005 1.54 159.50 0.24 0.86

7 30 0.016+0.003 1.37 142.10 0.22 0.76

Average values 0.018+0.002 1.50 154.94 0.24 0.83
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Fig. 1: Comparison of measured BIR levels in Section-Line one (Blacksmithing workshop) with standard

Table 2. The mean radiation exposure rate and estimated radiation risk parameters of line-section two

S/No. Distance (m) Average Equivalent dose ~ Absorbed dose Annual Excess
exposure rates  rates (mSvy?) (nGyht) Effective Dose Lifetime
(mRh1) Equivalent Cancer Risk

(mSvy™) x109)

1 0 0.021+0.003 1.74 179.80 0.28 0.96

2 5 0.017+0.005 1.43 147.90 0.23 0.79

3 10 0.018+0.005 1.49 153.70 0.24 0.82

4 15 0.014+0.003 1.18 121.80 0.19 0.65

5 20 0.016+0.005 1.32 136.30 0.21 0.73

6 25 0.018+0.002 1.54 159.50 0.25 0.86

7 30 0.017+0.003 1.46 150.80 0.23 0.81

Average values  0.017+0.002 1.45 149.97 0.23 0.80
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Fig. 2: Comparison of measured BIR levels in Section-Line two (Blacksmithing workshop) with standard
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Fig. 3: Effective dose rate to different organs / tissues for workers in Blacksmithing workshop
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DISCUSSION

The level of radiation exposure and radiation parameters in the
background for the two line-sections of the blacksmith
workshops in Gombe, Gombe State with estimated uncertainty
was determined with a well-calibrated Geiger-Muller counter
meters. The respective results are presented in Tables 1 and 2.
The average radiation exposure levels of line-section one
ranges between 0.014+0.002 to 0.020+0.001 mRh* with a
mean value of 0.018+0.002 mRh1. The average exposure rate
for line-section two ranges from 0.014+0.003 to 0.020+0.003
mRh-! with a mean value of 0.017+0.002 mRh-L. The values of
the radiation exposure rate are highest at the source (0 m)
which is due to abundant concentration of materials for
blacksmithing operation and localized activities while the least
values were obtained at 10 m away from the source in line-
section one and 15 m in line-section two and these could be an
outcome of attenuation in the spread of localized emission
from the blacksmithing operations. The mean value obtained in
all the distance of measurement for line-sections one and two
were above the safe value, stipulated by ICRP, needs to be
taken into serious consideration. Figures 1 and 2 show the
comparison of exposure rates measured with the standard
background radiation level. The least values obtained in line-
sections one and two indicated that 3% and 2% of the values
respectively were above the ICRP standard of 0.013 mRh1. A
consequence of environmental conditions and very squeaky-
clean exercise in some parts may be the slight difference in the
exposure rates in various blacksmith workshops. The results
showed that the exposure rates for the blacksmithing workshop
sites are in accordance with the values recorded in all the
distance of line sections one and two by Rafique et al., (2014)
and Ademola and Onyema, (2014). The average exposure rate
of the two line-sections of blacksmithing workshops were
found to be higher than the range of values obtained in
Industrial areas, Rivers state by Avwiri and Ebeniro, (1998).
The equivalent dose rates estimated for the two line-sections of
the blacksmith workshop presented in tables 1 and 2 were
higher than the average standard of 1.0 mSvy’. These may be
due to the elevated background radiation levels in part of the
study areas. The absorbed dose estimated in the line-section
one of the workshops ranges from 124.70 to 176.90 nGyh
with mean value of 154.94 nGyh'! and in line-section two the
values varies from 121.80 to 179.80 nGyh with the mean
value of 149.97 nGyhl. The mean absorbed dose values
averaging over thirty metres in line-section one deviate
considerably from the values obtained in line-section two of
the blacksmith workshops as shown in tables 1 and 2. This
could be attributed to radiation from heat of the mass of hard
cake coal (stock) performed in the two line-sections of the
blacksmith workshops. The absorbed dose rates were higher
than the world permissible value of 89.0 nGyh-(UNSCEAR,
2000). These deviations could have severe consequences as the
rate of energy dissipated as a results of blacksmithing activities
are fairly high. The measured outdoor gamma dose rates are
also within the values reported in Turkey (78.3 - 135.7 nGyh™?)
(Erees et al., 2006) and in Poonch district (102 nGyh)

FUDMA Journal of Sciences (Vol

Olanrewaju, Abdulkareem and Raheem

FJS

(Rafique et al., 2013). The annual effective doses in the
blacksmith workshops were less than the world average of 0.48
mSvy! (UNSCEAR, 2000). This implies that blacksmithing
activities in these areas may not influence the doses received
by public as the people in the study areas spend almost 6 hours
outdoor due to the nature of their routine. The Excess lifetime
cancer risks obtained for the blacksmith workshops were
higher than the average world standard of 0.29 x 1073
(UNSCEAR, 2000).

In Figure 2, the measured effective dose rates administered to
the various organs in the adult body are presented with
numerical values in mSvyt. The annual effective dose model
for organs estimated the amount of radiation intake of a person
entering and accumulating on different organs and tissues of
the body (Agbalagba Ezekiel, 2017). Tests have been shown to
have reported the maximum dose of 0.15 mSvy?! while the
liver has recorded the lowest dose of 0.09 mSvy.

Different absorption rates and conversion factors may be
responsible for the relatively high test dose and low liver dose
intake (Agbalagba et al., 2012). These findings suggest that the
doses to various organs were below the 1.0 mSvy* body organ
dosing tolerance limits. This result shows that in all line-
sections of blacksmithing workshops, exposure to background
ionizing radiation levels makes an insignificant contribution to
the radiation dose to these organs in adults and no case of
symptoms referable to the radiation exposure

CONCLUSION

The background radiation exposure rate of the two line-
sections of blacksmithing workshops in Gombe State has been
measured and health risk parameters was calculated using
applicable radiation models. With the exception of the excess
lifetime cancer risk, which was higher than the

worldwide acceptable standard, all the measured health risk
parameters are within their safe values. The result showed that
there was no effect on the background radiation level of the
region from the activities of blacksmithing workshops in the
study areas. The estimated excess lifetime cancer risk revealed
that the likelihood of contracting cancer for study area
residents who spend all their lives in those communities is low
and the estimated effective doses of adult organs in all organs
are negligible. Therefore, the operation of blacksmithing
workshops in the study areas have not influence enhance the
level of background ionizing radiation level.
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