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Abstract

Within and around major towns in Edo North, Edo S& Nigeria, there are
scores of quarry industries whose activities congg menace in the immediate
environment. This study therefore assessed the llesfe natural background
gamma radiation within a typical quarry sites loed at Igarra the Headquarters
of Akoko Edo Local Government Area, Edo State Niger Measurement of
background gamma radiation around the quarry siteagvcarried out with Digital
Geiger Counter GCA-07 model, calibrated with Cesili®7 (137Cs) with a
confidence interval of #5% alongside with a calidesd digilert-50 nuclear
radiation monitor. Measurements were made three ¢sn(morning, afternoon
and evening) daily. Simultaneously, the ambient fgenature and humidity were
measured by means of an electronic thermo-hygrometenodel THC-20
manufactured by Shenzhen Tonglixing, China.

The results obtained show that the background gammaaliation ranged
from a minimum of 12.50 cpm to a maximum of 18.0pne for GCA-O7and from
a minimum of 11.10 cpm to a maximum of 16.20 cpnr figilert-50. The
ambient temperature and humidity values were foutmdrange from a minimum
of 25.14°C to a maximum of 31.30°C and from a minim of 52.7% to a
maximum of 77.30% respectively. The mean radiatawse varying from 0.456 to
0.885 mSv/yr and 0.394 to 0.788mSv/yr for DigitatiGer Counter GCA-07 and
Digilert-50 nuclear radiation monitor were comparedith standard radiation
dose limits of a body. The radiation dose valuegeviound to be lower than the
dose limit of ImSv/yr in a normal background radiah environment according
to the guidelines set out by the International Cornssion on Radiological
Protection (ICRP) for all persons, other than thoseccupationally exposed.
However, continuous exposure on the parts of theagqy workers and the
farmers in the study area may constitute health hads in the near future. Thus,
regular monitoring of radiation level and determin@n of different types of
radio-nuclides in the area is recommended in order put in place appropriate
measures and mechanisms that will serve as a chatkhe health and safety of
the people.
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1.0 Introduction

At all point in our existence, we are exposed te form of radiation or the other. The range of atidh we are exposed
to daily range from natural to artificially genezdtforms. The radioactive elements and their remfiatare rather an
indispensable part of nature. Their impact on fivorganisms is crucial and very vital to study Q@ften, radioactive
materials with the characteristics of ionizing editin are present in our environment both in naturéving organisms
as well as in our bodies. There are two sourcembfral radiation in our environment: the Cosmatd e earth’s crust.
Cosmic radiation which comes from the sun and dgxge coupled with radiation from the Earth’s ciuste actively
effective before life began on Earth. Mankind depeld and is continuously developing in a field afliation. As it
were, the presence of natural radioactive mateisalsevitable. They can be found in constructiostenials, in the soil,
air, food and drinking water, rocks, as well agim body.Radon gas poses significant health coscamd is the number
two cause of lung cancer in the US behind smokidiving things, precisely human owe their livesdehealth to man-
made radiation. Medical and dental X-rays have hegw vital in discerning hidden problems. Othemfs of radiation
have been used to diagnose and treat ailmentscasigiul applications [3].Various tissues responthttiation
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differently. To characterize this non uniform sensiyivf tissues to radiation, we define the effective daséhe sum of
the products of the equivalent dos#s {) received by an organ times the tissue weighting fagiék) as shown in (Eq.
1.1) [4].

E=3Y(Hpg x Wr) (1.1)
The sum of all the electrical charges (Q) of one sigrdypeced by X- or gamma rays in a given mass (m) ofadrat
standard temperature and pressure (STP) is referredite agposure, written mathematically as;

X = Q/m (1.2)

2.0 Materials and Method

The background gamma radiation count per minute and dose eegdenmveasured with the aid of the set up in Fig.1. In
this study, two calibrated Geiger MUller Counters and antileicthermo-hygrometer were used.

The Geiger counter GCA-07 with serial number 4134 wabrea¢d with Cesium-137 source calibrated with an HPGe
detector for which the efficiency has been establishel ait IAEA traceable standard, with a confidence interval of
+5%. This equipment was used in the measurement of thelmamd gamma radiation in count per minute and the dose
rate in pSv/hr. Nuclear radiation monitor (also a Geiger MUll@umter) digilert-50 was also used to measure the
background gamma radiation in count per minute. The Bleictrthermo-hygrometer model THC-20 was used in
determining the ambient temperature and the humidity in tity strea.

The Geiger counter GCA-07, radiation monitor digilert-50 ancetbetronic thermo-hygrometer THC-20 were all placed
on a platform 1.0 metre above the ground and close to theyquachine that is used for the crushing of the quarry
stones. The Geiger counter GCA-07 was set to count pertenamd dose rate(ipSv/hr) modes while the radiation
monitor digilert-50, was in count per minute mode only. &heetronic thermo-hygrometer THC-20 was also placed and
set to the mode of temperature and humidity measuremfdhteeasurements were made in the morning, afternoon and
evening respectively.

Fig. 2: Geoworks guarry site
To convert the mean count rate to annual dose equivalent, (egsai4¢d [5].
1lcpm = 0.0438 mSv/year (2.1)
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3.0  Results and Discussion

The results obtained in this study are presentddgares 3-10and Tables 1-6. The background ganadiation levels
around Geo-Works quarry site have been measuredvalngs obtained show a relatively low level of kround
radiation. Figures 3-5 shows the stochastic nabfiradioactivity. Figures 6-7 are the bar chartwging the count per
minute for the different sections of this study ®CA-07 and Digilert-50 detectors while Figures@®i4 a comparison
of the cumulated activities for the two counterse Tninimum and maximum mean count rate and dosdeamorning
measurements were found to be 13.80, 17.50 and u3/hr, 0.1463:Sv/hr respectively for Geiger counter GCA-07;
12.70, 15.40 and 0.0648v/hr, 0.0781Sv/hr respectively for Digilert-50 as shown in TableAlso the minimum and
maximum mean count rate and dose rate for afternoeesurements were found to be 13.30, 15.00 aid&3v/hr,
0.12471Sv/hrfor Geiger counter GCA-07 respectively; 11.10, 06ahd 0.0568Sv/hr, 0.0824Sv/hrfor Diligert-50
respectively as seen in Table 2. Finally, the minimand maximum mean count rate and dose rate fenimy
measurements were found to be 12.50, 18.00 and3®01Gv/hr, 0.1347uSv/hrfor Geiger counter GCA-07
respectively; 12.60, 15.40 and 0.0639/hr, 0.0781Sv/hr for Digilert-50 respectively as also shown in T@Bl The
cumulated activity for the GCA-07 and Digilert-50ev the entire period of the study shows a maxinagtivity of
185.20cpm and a minimum of 167.20 cpm as seenlife$al-6.

The Digital Geiger Counter GCA-07 recorded a maximeguivalent dose rate of 0.885mSv/yr and a mininofit456
mSv/yr. Also, measurements from the Nuclear Ragfiakilonitor Digilert-50 gave a maximum equivalensdaate of
0.788mSv/yrand a minimum of 0.394mSv/yr. These eshvhen compared with the minimum set standardsnoSv/yr
[6] for persons living in normal environment, thevél of the background gamma radiation at Geo-Wquery site is
considered to be relativelylow. Also, the GCA-Oddhe Digilert-50 respectively recorded a minimumoant of count
per minute of 13.58 and 13.95, in the afternoonsueanent. A maximum count per minute of 14.79 waseoved for
the GCA-07 in the morning session of the study evtiie Digilert-50 gave a maximum value of 14.30rds per minute
in the Evening session.

The variations in both temperature and humidity foth equipments have been regularly normal, olgegim inverse
relationship between the two parameters at difteiares of the day during the period of measuremEhis relationship
has been that of an increase in temperature neguttia decrease in humidity and vice versa; withest temperatures
being observed in the morning session and increiastgat order till the evening session of the gtpériod. In like
manner, the humidity is highest in the morning sesand decreases also in like manner till the eeBession. The
values of the count and dose rates where foundtmdeependent of temperature, humidity and timenefisurement
during the day. This further confirms the fact thedioactivity is a random process. The variationthe dose rate are
rather random and maybe attributed to factorsthieeactivities of the quarry workers, the varioustenials at the quarry
site emitting radiations in an irregular manner.

Also, it has been shown [7,8] that for a Geiger MUtube having a dead time t, the relation betwberactual counting
rate R and the correct counting r&tgis

Ry =—— 3.1
1—-Rt

By applying equation 3.1 and using a dead timeO@4 for the two Geiger MUller detectors, correct meannting rate
of between 11.1123cpm minimum and 18.1325cpm maxinmere obtained in this study clearly shown in €abl

These values when converted to annual equivalesg date resulted in values of 0.4867 mSv/year minmnand 0.7894
mSv/year maximum. These values of annual dose alguivwere found to be far lower when compared withvalues
obtained in the studies of regions like Chavaregmidakara and Alappad [9] in india where backgrowauiiation levels
ranges between 0.900 mSv/year minimum and 34.200ya& maximum.

4.0 Conclusion

The background gamma radiation within Geo-worksiyusite at Igarra in Akoko Edo Local Governmentarhas been
determined using Digital Geiger Counter GCA-07 &hdtlear Radiation Monitor Digilert-50. The resultbtained are
shown in Tables 1, 2, 3, 4, 5, and 6. Doseassessanenother relevant values were determined forstteeusing data
from both equipments. The minimum and maximum eajeivt dose rates were obtained as 0.5475 to 0.78%4war
and 0.4862 to 0.7096mSv/year for GCA-07 and Dig#i€r respectively. The corrected minimum and maximu
equivalent dose rates values are 0.5468 to 0.78B3ymar and 0.4857 to 0.7084 mSv/year for GCA-QY Rigilert-50
respectively. This results shows a level of backgth gamma radiation that is fairly lower than themSv/year
internationally recommended standard for persamsdiin environment of normal background radiati6h

Therefore we can conclude that activities at thargusite in Akoko Edo Local Government Area of Estate, Nigeria
are more or less contributing minimal radiationellet the background radiation, and thus safe fankers at the site and
residents around the quarry.
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Table 1: Time, mean count rate, dose rate, mean tgrarature and average humidity morning measurement sing
Geiger Counter GCA-07 and Digilert-50.

Time(minutes) Mean  count| Dose rate (uSv/ | Mean Temperature | Average
rate (CPM) hr) (°0) Humidity (%)
05.00 14.90+2.13 0.1238+0.0178 25.96 64.10
10.00 15.70+2.08 0.1304+0.0174 25.59 66.90
15.0( 15.70+1.9; 0.1306+0.016 25.37 70.7(
5 20.00 16.30+2.36 0.1356+0.0195 25.23 74.00
< 25.00 15.40+3.38 0.1280+0.0282 25.14 76.50
8 30.00 16.50+5.98 0.1370+0.0499 25.16 77.00
5 35.00 13.80+4.16 0.1147+0.0349 25.27 77.20
‘g 40.0( 14.00+2.5! 0.1163+0.021 25.3¢ 76.6(
S 45.0( 15.40+2.4! 0.1280+0.020 25.4¢ 77.0C
5 50.00 14.70+1.52 0.1221+0.0127 25.54 77.20
© | 55.00 17.50+3.40 0.1463+0.0282 25.53 77.30
8 60.00 15.30+1.04 0.1273+0.0087 25.49 77.30
05.00 14.30+2.56 0.0725 25.96 64.10
10.0( 14.80+2.7° 0.075( 25.5¢ 66.9(
15.0( 13.10+1.7: 0.066¢ 25.37 70.7(
20.00 15.40+2.68 0.0781 25.23 74.00
25.00 14.20+1.89 0.0720 25.14 76.50
30.00 15.10+1.43 0.0766 25.16 77.00
35.00 14.30+2.85 0.0725 25.27 77.20
40.0( 13.8043.6! 0.070( 25.3¢ 76.6(
3 45.0( 13.90+2.8: 0.070¢ 25.4¢ 77.0C
£ 50.00 13.20+3.37 0.0625 25.54 77.20
=, | 55.00 12.70+1.85 0.0644 25.53 77.30
A 60.00 12.80+3.03 0.0649 25.49 77.30

Table 2: Time, mean count rate, dose rate, mean teuarature and average humidity afternoon measurement
using Geiger Counter GCA-07 and Digilert-50.

Time(minutes) Mean count| Dose rate| Mean  Temperature | Average
rate (CPM) (uSv/hr) (°0) Humidity (%)
05.00 14.4045.14 0.1196+0.0429 28.92 67.30
10.00 13.40+1.98 0.109740.0152 28.73 67.60
15.00 14.00+2.15 0.1164+0.0180 28.78 67.00
5 20.00 14.60+2.88 0.1213+0.0240 28.75 66.70
< 25.0C 15.00+3.3 0.1247+0.027 28.6¢ 66.1(
8 30.00 13.30+2.08 0.1103+0.0173 28.75 65.00
5 35.00 14.40+4.46 0.1197+0.0372 28.93 64.80
‘g 40.00 14.10+2.36 0.1173+0.0195 29.02 64.00
8 45.00 14.50+2.50 0.1204+0.0208 28.94 64.50
5 50.00 14.50+4.47 0.1205+0.0374 28.99 64.10
=) 55.0(C 13.60+3.3: 0.1130+0.027 29.0¢ 63.5(
8 60.00 15.00+2.03 0.1247+0.0169 29.10 64.00
05.00 14.50+2.37 0.0735 28.92 67.30
10.00 15.30+4.28 0.0776 28.73 67.60
15.00 13.30+2.02 0.0674 28.78 67.00
20.00 15.90+3.80 0.0761 28.75 66.70
25.0( 13.30+3.0: 0.067¢ 28.6¢ 66.1(
30.00 14.50+2.32 0.0735 28.75 65.00
35.00 11.70+1.68 0.0593 28.93 64.80
40.00 14.60+2.17 0.0750 29.03 64.00
3 45.00 16.20+1.39 0.0821 28.94 64.50
£ 50.00 11.10+£2.56 0.0563 28.99 64.10
% 55.0( 14.30+1.8! 0.072¢ 29.0¢ 63.5(
&) 60.00 12.50+1.97 0.0634 29.10 64.00
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Table 3: Time, mean count rate, dose rate, mean tqrarature and average humidity evening measurementsing
Geiger Counter GCA-07 and Digilert-50.

Time(minutes) Mean count| Dose rate| Mean Temperature | Average
rate (CPM) (uSv/hr) (°0) Humidity (%)

05.00 14.00+1.62 0.1164+0.0135 31.30 53.90
10.00 18.00+3.59 0.1347+0.0298 31.05 52.80
15.0C 14.10+3.0: 0.1171+0.025 30.9¢ 52.7(

5 20.0( 14.60+3.6! 0.1214+0.029 30.7¢ 52.7(

& 25.00 15.60+3.46 0.1297+0.0293 30.76 53.20

8 30.00 13.90+2.72 0.1154+0.0226 30.80 53.60

5 35.00 13.40+2.86 0.1113+0.0238 30.84 53.40

‘g 40.00 14.60+1.78 0.1212+0.0149 30.78 53.90

8 45.0( 14.60+2.0. 0.1213+0.017 30.5¢ 54.7(

5 50.0( 15.00+3.7 0.1247+0.030 30.4¢ 55.5(

=) 55.00 14.40+2.30 0.1197+0.0191 30.44 54.80

8 60.00 12.50+2.72 0.1038+0.0228 30.31 54.70
05.00 15.40+3.97 0.0781 31.30 53.90
10.00 15.30+2.84 0.0776 31.05 52.80
15.0( 14.90+2.8I 0.077¢ 30.9¢ 52.7(
20.0( 14.30+2.3 0.072¢ 30.7¢ 52.7(
25.00 13.60+1.19 0.0689 30.76 53.20
30.00 13.60+2.82 0.0689 30.80 53.60
35.00 14.00+3.69 0.0710 30.84 53.40
40.00 13.50+1.87 0.0685 30.78 53.90

3 45.0( 15.00+2.8: 0.071! 30.5¢ 54.7(

£ 50.0( 15.00+2.1 0.076! 30.4¢ 55.5(

% 55.00 14.40+1.88 0.0730 30.44 54.80

a 60.00 12.60+3.32 0.0639 30.31 54.70

Table 4: Cumulative Activity morning measurement fa Geiger counter GCA-07 and Digilert-50

Time(minutes) Cumulative Activity (CPM)
05.00 14.90
10.00 30.60
15.0( 46.3(
5 20.0( 62.6(
e 25.00 78.00
S [30.00 94.50
5 35.00 108.30
g 40.00 122.30
3 45.0( 137.7(
= 50.0( 152.4(
ks 55.00 169.90
3 60.00 185.20
05.00 14.30
10.00 29.10
15.0( 42.2(
20.0( 57.6(
25.00 71.80
30.00 86.90
35.00 101.20
40.00 115.00
2 45.0( 128.9(
£ 50.0( 142.1(
= 55.00 154.80
a 60.00 167.60
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Table 5: Cumulative Activity afternoon measurementfor Geiger counter GCA-07 and Digilert-50

Time(minutes) Cumulative Activity (CPM)
05.0( 14.4¢
10.0C 27.8(
15.00 41.80
5 20.00 56.40
& 25.00 71.40
S [30.00 84.70
5 35.0( 99.1(
€ 40.0( 113.2(
3 45.00 127.70
= 50.00 142.20
o 55.00 155.80
3 60.00 170.80
05.0( 14.5(
10.0C 29.8(
15.00 43.10
20.00 59.00
25.00 72.30
30.00 86.80
35.0( 98.5(
40.0( 113.1(
2 45.00 129.30
~ 50.00 140.40
= 55.00 154.70
a 60.00 167.20

Table 6: Cumulative Activity evening measurement foGeiger counter GCA-07 and Digilert-50
Time(minutes) Cumulative Activity (CPM)

05.0( 14.0C
10.00 32.00
15.00 46.10
N 20.00 60.70
Y 25.00 76.30
S [3o0.0c 90.2¢
5 35.0( 103.6(
‘g 40.00 118.20
3 45.00 132.80
= 50.00 147.80
=3 55.00 162.20
3 60.0( 174.7(
05.0( 15.4C
10.00 30.70
15.00 45.60
20.00 59.90
25.00 73.50
30.0C 87.1(
35.0( 101.1(
40.00 114.60
2 45.00 129.60
~ 50.00 144.60
% 55.00 159.00
5 60.0( 171.6(
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Table 7: Actual and corrected counting and dose rate for €iger counter GCA-07 and Digilert-50

ACTUAL COUNTING RATE CORRECT COUNTING RATE
COUNT RATE | DOSE RATE | COUNT RATE | DOSE RATE
(CPM) (mSvlyear (CPM) (mSvlyear
MAX MIN MAX MIN MAX MIN MAX MIN
GCA-07 18.000 12.500 0.7884 0.5475 18.0325 12.5156 0.7894 0.548p
DIGILERT-50 | 16.200 11.100 0.7096 0.4862 16.2262 11.1123 0.7107 0.486|7
0.16 -
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o 012 1
® 0.1 -
o
Booe | T aa L,
§0.06 | —0—GCA
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Fig. 3: Comparison of Dose rate for Geiger Counter GCA-07 andddighO for Morning measurement.
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Fig. 4: Comparison of Dose rate for Geiger Counter GCA-07 andddighO for Afternoon measurement.
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Fig. 5: Comparison of Dose rate for Geiger Counter GCA-07 andddigh0 for Evening measurement.
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Fig. 6: Bar Chart showing Mean Count per minute for the déifiétimes of the day and for GCA-07 and Digilert-50.
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Fig. 7: Bar Chart showing the count per minutes for the diffesessions of the work for GCA-07 and Digilert-50.
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Fig. 8: Comparison of Cumulative Activity for Geiger counter GCAdhd Digilert-50 for morning measurements.

Journal of the Nigerian Association of Mathematical Phys Volume 28 No. 1, (November, 2014), 213 — 222
220



Assessment of Background Gamma... Osahon and Abiola  J of NAMP

200.00 -
180.00 -
160.00 -
140.00 -
120.00 A
100.00 -

80.00 -
60.00 - y=0.975x +0.177

40.00 - R?=0.999
20.00 -
0.00 T T T )

0.00 50.00 100.00 150.00 200.00

Digilert-50

GCA-07

Fig. 9: Comparison of Cumulative Activity for Geiger counter GCAdhd Digilert-50 for afternoon measurements.
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Fig. 10: Comparison of Cumulative Activity for Geiger counter GGAand Digilert-50 for evening measurements
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