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Abstract

This paper examines the effect of harmattan on thariationin background gamma
radiation with some meteorological parametersin apen field within University of
Benin, Ugbowo Campus, Benin City.An in-situ measuarentof background gamma
radiation was carried out with a Digital Geiger coter GCA-07 model, calibrated
with Cesium-137 137.,) with a confidence interval of 5 % alongside with
calibrated Digilert-50 nuclear radiation monitor. Bur measurementsof count per
minute(cpm)and dose rate were made daily in the ming, afternoon, evening and
mid-night respectively for the months of Januaryudng harmattan) and March (no
harmattan). Simultaneously, the ambient temperatuead relative humidity were
measured by means of an electronic thermo-hygrometenodel THC-20
manufactured by Shenzhen Tonglixing, China. The GE&X recorded a maximum
mean exposure dose rate of 1.366 mSv/yr and 1.3%®/gr while the Digilert-50
recorded maximum dose rates of 1.349 mSv/yr andb@.sSv/yr for the months of
January and March respectively. These values arevén than the internationally
allowed background gamma radiation exposure standlaof 5 mSv/yrand the
worldwide average background radiation dose to humsawhich is 2.4 mSv/yr. A
positive correlation (r=0.897@a07; and r=0.893%jier.50) between cumulative
doseand mean temperature was established for thetm@f March (no harmattan)
and a negative correlation (r=0.80%2a.07 and r=0.802%gien-50) between cumulative
doseand mean relative humiditywas established foe imonth of January (during
harmattan). Attempts to obtain correlation betweesumulative dose and mean
temperature for the month of January (during harmt@n), and mean relative
humidity for the month of March (no harmattan) werensuccessful.

Keywords: Background gamma radiation, harmattan, ambienpéeature,relative humidity, count per minute,
cumulative dose.

1.0 Introduction

Background radiation is the ubiquitous ionisingiasidn that people on the planet Earth are exptsedcluding natural and
artificial sources. The three major sources of mmrmental background radiation are cosmic radiatfiom the sun and
galaxy and radiation from terrestrial sources dugatlionuclides in the rocks and soil. Gamma phoeme produced by the
interaction of cosmic rays in the atmosphere amdréte at which radiation doses from cosmic ragsdalivered is fairly
constant at any point on the Earth surface, buesawith latitude and to a greater extent withtadte[1 — 4].The level of
radiation in the environment has been a matteratern for rather long time and has been mappedanayed in some
part of the World in order to gain knowledge of thariations of radioactivity[1]. As there is growirconcern about
exposures to natural radioactivities for human gginhis study focuses on the effect of harmattathe variation of outdoor
measurement of background gamma radiation withctsle meteorological parameters since it is knowh tfat
environmental background radiation varies consialgrdue to local geological features and atmosgheonditions. Some
of the meteorological parameters commonly measaredemperature (T), rainfall (R), relative humydiRH), wind speed
(WS) and atmospheric pressure (AP). In this sty temperature and relative humidity were measutae to non
availability of equipment for now to measure thbesttwo parameters (rainfall and atmospheric pre3sand the fact that
during the period of this study, there was no seri@in. However, these parameters will be invagtig)in future studies.
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Just as ambient temperature has time and spa@ioarso also background radiation varies with tame space. However,
as ambient temperature is recorded and reportegdsthe World, on a daily basis, background ganmadétion is not so
recorded and reported. Moreover, the effect of hemlnd gamma radiation is more damaging to the nunaaly than the
effect of temperature. The effects of radiation rbaydivided generally into two types. They inclytteysical effects and
biological effects.The physical effects include leac, chemical and electrical effects while theldgaal effects may be
grouped into two general categories which are detéstic and stochastic effects. The charactegsifcdeterministic effects
are: damage depends on absorbed dose and threstisisl Some of these effects are cataract, erghénfertility etc.
Stochastic effects characteristics are: severitpdependent of absorbed dose, threshold doesxisitand probability of
occurrence increases with absorbed dose with exanspich as radiation induced cancer and genedictsfié, 7].

The worldwide average natural background radiatiose to humans is about 2.4 mSv/yr. This is faue$ the worldwide
average artificial radiation exposure, which in 20@as put at about 0.6 mSv/yr [8]. The biggest seuof natural
background radiation is air borne radon, a radigacgas that emanate from the ground. Radon antbatepes parent
radionuclides, and decay products all contributaricaverage inhaled background radiation dose2& mSv/yr. Radon is
unevenly distributed and varies with weather sunet higher doses apply to many areas of the waidgre it represent a
significant health hazard. The global average humgrosure to artificial radiation is 0.6 mSv/yrjmarily from medical
imaging. This medical component can range muchdriglith an average of 3 mSv/yr. Other human cbatars include
smoking, air travel, radioactive building materjatéstorical nuclear weapon testing, nuclear poaegidents and nuclear
industry operation. A typical chest x-ray delivéx®2 mSv of effective dose[9]. A dental x-ray dels a dose of 5-10Sv
[10]. Cigarette contains Polonium — 210, origingtinom the decay product of radon, which sticksdbacco leaves[11].
Heavy smoking results in a radiation dose of 160//ymSto localised spots at the bifurcations of segted bronchi in the
lungs from the decay of Polonium — 210. This deseat readily comparable to the radiation proteclimits, since the latter
deal with whole body doses, while the dose fromldnwis delivered to a very small portion of thedigoAir travel causes
increased exposure to cosmic radiation. The avezgiya dose to flight personnel is 2.19 mSv/yr [12]

Radionuclides in natural environment may get irte body unintentionally through inhalation, ingestior absorption.
Subsequently, they are deposited at various gitései body. The human body cannot sense exposuaiation directly
except at level that are invariably lethal and ¢fi@me, it cannot provide defense against it becadgbe severity of this
problem therefore, (acceptable) levels or safel$ewé radiation exposure and consequently radiatioees (maximum
permissible doses) have been set by various b@idiesl, national and international) based on redeéindings in the field
of radiation study[13 — 15].Maximum permissible e¢MPD) for non-occupationally exposed individumaput at 1mSv/yr.
At higher doses, ionising radiation is dangerotiss ttherefore necessary to know the level of ramawithin our living
environment because of the health implications[1p,1

Harmattan is a dry and dusty north easterly traithel which blows from the Sahara desert over thet\Wégca subcontinent
into the Gulf of Guinea between the end of Novendoed middle of March. It can lead to cold in sontecps and hot
weather in others, according to the circumstant8% [The harmattan blows during the dry seasonchvbiccurs duing the
lowest- sun months. On its passage over the Saligoacks up fine dust and sand particles (betw8én and 10um).
Harmattan season differs from winter, because ¢h&acterized by cold, dry, dust — laden wind, als¢ wide fluctuations
in the ambient temperatures of the day and nigaimferatures can easily be as low as 9°C all daysdmetimes in the
afternoon the temperature can also soar to as dwgB0°C, while the relative humidity drops undefolHarmattan
dissipates cloud cover, prevents rainfall formatma sometimes creates big cloud of dust whichreanlt in dust storms or
sand storms. The wind can increase fire risk angdeaevere crop damage. The interaction of harmatidn monsoon
winds can cause tonadoes.

The air is particularly dry and desiccating whemnieattan blows over a place or region. In some Q@sin West Africa,
the heavy amount of dust in the air during harnmattan severely limit visibility and block the suarfseveral days,
comparable to a heavy fog [19]. During harmattamidity can drop to as low as 10% or under, which casult in
spontaneous nose bleeds for some people. Otheh reféécts on humans may include conditions of gkim, eyes and
respiratory syatem, including aggravation of asthma

2.0  Materials and Method

The background gamma radiation count per minute @ogk rate at the University of Benin, Ugbowo Caspuere
measured with the aid of two calibratédiger Mueller Counters (GCA-07 and Digilert-50).

The Geiger counter GCA-07 with serial number 413%s walibrated with Cesium-137 source calibratedh \ait HPGe
detector for which the efficiency has been esthbliswith an IAEA traceable standard, with a confickeinterval of +5%.
This equipment was used in the measurement of dbkgbound gamma radiation in count per minute &eddose rate in
uSv/hr. Nuclear radiation monitor,Digilert-50, was also dis®® measure the background gamma radiation intcpen
minute. An Electronic thermo-hygrometer model THC-20 wagdito determine the ambient temperature and thgvee
humidity of the study area.
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The Geiger counter GCA-07, radiation monitor digie0 and the electronic thermo-hygrometer THC-Zewplaced on a
platform 1.0 metre above the ground in the measen¢@mrea. The Geiger counter GCA-07 was set totqgmemminute and
dose rate (inuSv/hr) modes while the radiation monitor digile@;5vas in count per minute mode only. The electroni
thermo-hygrometer THC-20 was also placed and s¢hdamode of temperature and relative humidity measents. All
measurements were made in the morning, afternosmirg and mid-night respectively during the monttfislanuary
(during harmattan) and March (no harmattan) 2015.

Conversion of radiation data obtained in count péanute (cpm) to dose rate was done by using theersion factor in
Eqgn.(1) [20].

1cpm = 8.3x10 3mSvyear™? (1)

3.0  Results and Discussion

The results obtained in this study are presentethean count per minute, mean dose rate, mean tatuperand mean
relative humidity in Tables 1 and 2 for the montifsJanuary and March respectively. Table 3 deptists calculated
cumulative doses for the two months of JanuaryMacch and for the two radiation meters (GCA — 0d &xgilert — 50)
employed in this study. In Table 1,the large valokthe standard deviation for the mean relativenidity was occasioned
by draught that occurred mostly in the afternoorirdumeasurement and no relative humidity value veagstered by the
electronic thermo-hygrometer THC — 20.

It is known that Radioactivity is a stochastic pss, therefore, dose rate is time independent2[P0 However, cumulative
dose which is the total dose resulting from repateosures of ionizing radiation to an occupatigrexposed worker to
the same portion of the body, or to the whole bodsr a period of time can be shown to be time dépen Now electrons,
beta particles, and the like are usually groupgal anclass of radiation referred to as non-periaggamissions while x — and
y — rays are called penetrating radiations. A gersgication for the absorbed dose rate D, (rad/hn8€X) in the target is
D= KAYinEip; )

m
where A is activity gC; or MBq), n is number of radiations with energy E emitped nuclear transition, E is energy per
radiation (Mev),¢ is fraction of energy absorbed in the target, mthis mass of target region (g or kg) and K is a
proportionality constant (rad — dZi — hr — Mev or Gy — Kg/MBq — Sec — (MeV). In E®), the quantity activity (nuclear
transitions per unit time) causes the outcome ®&qn.(2) to have a time dependence. In orderltulede cumulative dose,
the time integral of the activity must be calcuthtRegardless of the shape of the time activitweuits integral, however
obtained will have units of transitions. Therefdie equation for cumulative dose would be

cp = KAZiniEidi @)
m

whereA is cumulated activity. Thus cumulative dose i® disie dependence as shown in Table 3 and prestodges [20].
Figures 1 — 4 are plots of cumulative dose agaimesdn temperature and mean relative humidity dunsagnattan and no
harmattan periods for the two radiation metersuféig 1a and 2a show that there is no good cowalagtween cumulative
dose and mean temperature for the month of Jamuaiyg harmattan while Figures 1b and 2b indichtd there is a good
correlation between cumulative dose and mean teatyrer for the month of March (no harmattan) witlsifee correlation
coefficient as r = 0.8978:a_o7and r = 0.893%gier—s0 Thus the effect of harmattan on the relationgfgtween cumulative
dose and temperature is to make cumulative dobe temperature dependent. On the other hand, Bi@aeand 4a show
that the effect of harmattan on the relationshiwken cumulative dose and relative humidity is timdp about decrease in
cumulative dose as the relative humidity increasitls negative correlation coefficient of r = 0.808&h _¢7and r = 0.8020
pigiert - 50 AlSO Figures 3b and 4b show that there is noetation between cumulative dose and relative hugniliring the
month of March (no harmattan). However, the measedate of 1.3683 + 0.0154 mSv/year obtained in $hidy with the
two radiation meters and for the period of studfaidower than the internationally set standar® ofiSv/year[22].

4.0 Conclusion

In this study a positive correlation was establisbetween cumulative dose and temperature for thethmof March (no
harmattan)and a negative correlation between cuiwelalose and relative humidity was established tfe month of
January (during harmattan). Physically, the positerrelation during the month of March (no haran@itimpliesthere is
temperature dependence of cumulative dose as sereaemperature leads to an increase in cumalalidse. On the other
hand, the negative correlation between cumulatogedand relative humidity for the month of Janu@yring harmattan)
suggests a decrease in cumulative dose as relatim@ity increases. Attempts to obtained corretatietween cumulative
dose and temperature for the month of January r(duniarmattan), and relative humidity for the moothMarch (no
harmattan) were unsuccessful,as the relationstapgeen cumulative dose and temperature (during dtéeur) and relative
humidity (no harmattan) can best be describedazhatstic.
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Table 1: Meancount per minute (cpm), dose rate, mean tatyrerand mean relative humidity measurements (SD§-
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Time GCA-0O7 DIGILERT-50 Mean Mean Relative
(Minutes) Mean cpm| Dose Ratel Mean Dose Rate Temperature | Humidity
(xSD) (uSv/hr)(£SD) cpm(xSD) (uSv/hr) (£SD) (°C)(xSD) (%)(£SD)
5.00 17.85+2.61 0.148+0.0038 16.50+3.70 0.137+0QL002 | 23.92+3.35 36.00+4.01
10.00 18.67+4.40 0.155+0.0049 17.004£3.75 0.141#800 23.63+4.50 31.83+13.19
15.00 17.94+4.51 0.149+0.0038 16.92+2.79 0.140#.00 23.5045.27 32.25+14.59
20.00 17.82+4.06 0.148+0.0038 17.67+2.73 0.147800 23.4945.86 32.00+14.81
25.00 18.24+3.45 0.151+0.0015 17.58+2.52 0.1463800 23.32+6.34 32.50+15.43
30.00 17.28+3.39 0.143+0.0040 16.92+1.97 0.1402800 21.61+8.26 32.33+15.73
35.00 17.90+4.00 0.149+0.0042 15.92+3.17 0.132#m00 23.12+6.85 32.59+16.18
40.00 17.3243.21 0.144+0.0032 16.17+4.1Q 0.134#200 23.13+7.10 27.75+19.80
45.00 18.82+2.98 0.156+0.0060 18.42+3.6( 0.153#41B01 23.22+7.48 28.09+20.37
50.00 17.98+3.37 0.149+0.0060 18.50+3.59 0.154H4B01 23.19+7.56 28.00+20.47
55.00 16.75+3.80 0.139+0.0085 15.75+2.71 0.1313001 23.28+7.77 25.75+24.01
60.00 18.13+£3.24 0.150+0.0061 18.59+4.14 0.1548B01 23.29+7.86 26.59+23.97

Table 2: Mean count per minute (cpm), dose rate, mean teahpe and mean relative humidity measurementsggusitA-
07 and Digilert-50 for the month of March (no hattan)

Time GCA-0O7 DIGILERT-50 Mean Mean Relative
(minutes) Mean cpm| Dose Ratel Mean cpm| Dose Ratel Temperature | Humidity (%)
(xSD) (uSv/hr) (#SD) | (¥SD) (uSv/hr) (£SD) (°C) (zSD) (xSD)
5.00 17.87+3.77 0.148+0.0067 18.58+4.35 0.154+(07014 | 28.15+1.63 74.50+3.22
10.00 17.73+4.33 0.147+0.0007 15.92+3.08 0.13245601 28.31+2.23 73.92+5.04
15.00 19.20+3.71 0.159+0.0067 15.17+3.64 0.1264701 28.39+2.64 74.25+5.90
20.00 16.57+3.99 0.138+0.0105 18.83+2.31 0.15648901 28.53+3.07 74.08+6.45
25.00 18.42+3.99 0.153+0.0108 18.42+4.94 0.153:4501 28.57+3.23 74.00+6.85
30.00 17.42+4.42 0.145+0.0075 15.33+3.18 0.1274901 28.55+3.36 74.34+7.70
35.00 17.40+3.85 0.144+0.0049 16.83+4.43 0.14043001 28.59+3.49 74.08+8.39
40.00 17.57+3.52 0.146+0.0010 17.25+3.49 0.143:8500 28.61+3.69 74.25+8.74
45.00 17.83+3.40 0.148+0.0020 17.58+2.31 0.14623D00 28.74+4.00 74.33+9.12
50.00 17.73+3.67 0.147+0.0010 17.50+4.42 0.145:%00 28.79+4.13 74.17+9.60
55.00 17.92+3.67 0.149+0.0010 18.58+3.49 0.154:+4%00 28.80+4.22 74.17+9.86
60.00 17.50+3.75 0.145+0.0020 16.92+2.13 0.14040L00 28.76+4.23 74.17+10.25

Table 3: Cumulative dose for GCA-07 and Digilert-50 for timenths of January and March

CUMULATIVE DOSE FOR|[ CUMULATIVE DOSE FOR
GCA-07 (Sv/hr) DIGILERT-50 (uSv/hr)
TIME(MINS) [ JANUARY MARCH JANUARY MARCH
5.00 0.148 0.148 0.137 0.154
10.00 0.303 0.295 0.278 0.286
15.00 0.452 0.454 0.418 0.412
20.00 0.600 0.592 0.565 0.568
25.00 0.751 0.745 0.711 0.721
30.00 0.894 0.890 0.851 0.848
35.00 1.043 1.034 0.983 0.988
40.00 1.187 1.180 1.117 1.131
45.00 1.343 1.328 1.270 1.277
50.00 1.492 1.475 1.424 1.422
55.00 1.631 1.624 1.555 1.576
60.00 1.781 1.769 1.709 1.716
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