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ABSTRACT

The results of regular monitoring of air samples for radioactivity at Ibadan for the
period July 1966 to February 1967 are presented here. The results show a general in-
crease of atmospheric specific radioactivity and particular periods of high atmospheric
specific radioactivity during the Harmattan season. The general increase in atmospheric
specific activity is not correlated with nuclear weapons tests and is explained in terms
of the enhanced exhalation of emanation from the earth’s crust. The prominent peaks
of atmospheric specific radicactivity are shown to correlate with severe Harmattan
days, characterized by high specific volume of water vapour in the atmosphere. The
prominent peaks of atmospheric specific radioactivity during the Harmattan months
are attributed to the continental north-easterly winds which transport radioactive
dusts from the radioactive fields of Niger Republic and of the plateau regions of Ni-

geria to the station of observation.

1. Introduction

During the French weapons tests in the Sa-
hara in 1960, monitoring of air for radioactivity
was undertaken in order to estimate the radio-
active fall-outs from the tests. The results of
this monitoring have been published by Agu
(1965). Since then routine monitoring of air
samples at Ibadan has been continued for the
prime purpose of establishing a baseline of
radioactive contaminants of the atmosphere due
to natural sources as well as to nuclear devices.
The result of this monitoring for the period July
1966 to February 1967 which covers both the
wet and the dry seasons in Nigeria is presented
here. This period July 1966 to February 1967
was the only period for which continuous data
were available, since monitoring was disrupted
by the civil war in Nigeria. Nevertheless the
results for this period were found interesting
enough to analyse.

A statistical analysis of the results is discus-
sed. The seasonal changes in the specific radio-
activity of the atmosphere are explained in
terms of meteorological factors.

2. Observations and data reduction

(a) Observations

Air was drawn in through a filter paper by
means of the Fleming Air Sampler, Type 1355B,
which has a built-in anemometer for measuring

the suction speed. The filter head was mounted
at a height of 2.2 m above ground level. The
air sampler was operated continuously with
short breaks at 8 a.m. each day for changing the
filter paper. At the end of a daily run the sample
collected was dried and then counted for 5 min
with a thin window, low background Geiger-
counter which has an anti-coincidence guard
counter. As this Geiger-counter was only
0.025 % efficient to gamma radiation and ap-
proximately 70 % efficient to both alpha- and
low energy beta-particles, the radiation de-
tected was due mainly to alpha- and low energy
beta-particles. This was confirmed by the
simple absorption test.

Other data employed for the interpretation
of the results of atmospheric radioactivity are,
the hourly dew point, hourly pressure, hourly
temperature, and the record of dates of re-
ported nuclear weapons tests.

(b) Data reduction

From the count rate of the dust sample col-
lected and the volume of air sample monitored,
the daily specific radioactivity (in pCi per kgm
of air) of the atmosphere was determined.

Starting from Clausius-Claperyon equation
for unit mass
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where ¢, =the saturation vapour pressure, T =
the temperature of vapour in the Kelvin tem-
perature, L =the latent heat of vaporisation,
v, =the specific volume of saturated vapour,
v, =the specific volume of saturated liquid; and
assuming that the water vapour obeys gas
laws, that L varies linearly with temperature,
ie. Lp=L (1 +aT) and that v,>v;, it can be
shown that
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where L, =the latent heat of vaporisation at
273.15 K, R, =gas constant for water vapour,
Ti00=3873.15 K, T,;=temperature at which
water vapour in air at temperature 7', when
cooled at constant pressure will just be saturat-
ed, €00 =saturation vapour pressure at 100°C,
and g, =density of water vapour in air at T ,.

The following values of L,, «, R, were as-
sumed:

L,, 3166 x 10? Joule kg~
a, —7.7x10-1 K~
R,, 4.62 x10~¢ Joule K-* kg~

By employing eq. (2), and the hourly dew point
and air temperature, the hourly density of
water vapour in kg m~? of air was calculated.
From these data the daily means were obtained.

Since the relative humidity varies in the same
manner with density of water vapour in atmos-
phere, specific volume of water vapour rather
than its density is employed as an indication
of dryness of the atmosphere and consequently
of the severity of the Harmattan. Hence den-
sity of water vapour is converted to specific
volume of water vapour.

(c) Results of data reduction

The detection limit of specific radioactivity
by the low background Geiger-counter is deter-
mined mainly by the background count rate
which is about 0.6 c.p.m. This count rate cor-
responds to a specific radioactivity of 0.05
pCikg-t. For the comparison of day to day
specific radioactivity, the uncertainty in meas-
urement is more important than the detection
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limit, sinece uncertainty in measurement is
much greater than the detection limit.

Fig. la shows daily values of atmospheric
specific radioactivity. From the period mid-July
to mid-October, 1966, the atmospheric specific
radioactivity was fairly constant at about 1
pCikg-! of air, except for statistical fluctua-
tions. The uncertainty in measurement for
these low specific radioactivity is equivalent
to a relative standard deviation of 15 %. At the
onset of Harmattan (Oct.—Nov.), a general in-
crease of specific radioactivity set in, which
continued until Feb. 1967. Between Nov. 1966
and Jan. 1967, pronounced peaks of radioac-
tivity superimposed on an enhanced background
level of activity were registered. The uncertainty
in measurement for the prominent peaks is
equivalent to a relative standard deviation of
5 %. These peaks labelled (i) ... (v) in Fig. 1a
correlated well with severe Harmattan days
characterised by high values of specific volume
of water vapour in Fig. 1b.

3. Correlation of atmospheric specific
volume of water vapour with atmospheric
specific radioactivity

(a) Method of analysis

The period between July 1966 to February
1967 was divided into 15 intervals each compris-
ing of 14 days. These intervals were selected
such that each of the four prominent peaks ex-
hibited in Fig. 1b fell within an interval. For
each interval, the daily values of atmospheric
specific volume of water vapour and atmos-
pheric specific radioactivity were -cross-cor-
related. The cross-correlation coefficient, r, for
each interval was calculated using different
time lags, I, of 0, 1, 2, 3, 4 and 5 days.

The advantage of this method of analysis
lies in the fact that other relationships, apart
from the obvious ones which are not discern-
able from Figs. 1a and b, would be revealed.
Also the relative importance of the deduced
relationships can easily be assessed by testing
for the significance of . In testing for the sig-
nificance of 7, the Student’s ¢ distribution is
assumed since only 14 pairs of data constitut-
ing a small sample, are available in each in-
terval. If n is the number of pairs of data on
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Fig. Ia. The daily values of atmospheric specific radioactivity R. Arrows on the top of the diagram
indicate approximate dates of nuclear tests and the hemisphere in which tests were conducted. N, northern

hemisphere; S, southern hemisphere.

Fig. 1b. The daily values of specific volume of water vapour » in the atmosphere. Prominent peaks of
specific volume of water vapour correspond to severe Harmattan days.

which the correlation is based, and r the cor-
relation coefficient obtained, then ¢ is given by

r

t=————1Vn_9, 3
l/l—rzl/n 2 ()

when Sheppard’s correction is neglected. Hence
the probability, P, that such a correlation should

arise, by random sampling, from uncorrelated
data was deduced (Fisher, 1954). If P is less
than 0.02, the correlation is regarded as signif-
icant.

Also the variation of r with time lag for sig-
nificant correlations would lead to a realistic
assessment of time lags.
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Fig. 2. The variation of cross-correlation coefficient
r with time lag, I, for the different intervals (z).
These intervals were selected such that each of the
four prominent peaks exhibited in Fig. 1b fell with
an interval,

(b) Results for r

The cross-correlation coefficient for the dif-
ferent intervals have been calculated. The re-
sults obtained for time lag, 7, of 0, 1, 2, 3, 4 and
5 days are shown in Fig. 2.

When no time lag is introduced, correlation
of specific volume of water vapour with speci-
fic radioactivity is just significant for the 13th
interval, but for time lags between 1 and 4
days, correlation is significant at a formal prob-
ability of 0.02 that correlation is accidental
for 5th, 11th, 13th and 14th intervals.

(c) Results for time lags

In order to deduce the time lags for signif-
icant correlation, the cross correlation coeffi-
cient r is plotted as a function of time lag, I,
and the value of I when r is maximum is taken
as the time lag. Hence from Fig. 3, time lag
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Fig. 3. The plots of cross-correlation coefficient r
against time lag for the 5th, 11th, 12th, 13th and
14th intervals for which r was significant at a prob-
ability of 0.02 of accidental correlation.

for the 5th interval is 2 days, 11th interval 2-3
days, 13th interval 1 day, and the 14th interval
about 2 days. The result for the 12th interval
is included for comparison with other intervals
which contain peaks of specific radioactivity.
The shape of the curve is similar to that of the
14th interval though r is not significant.

4. Discussion

(a) General increase of specific radioactivity

The dates of nuclear weapons tests are indi-
cated in Fig. 1a. The French tests were carried
out in the South Pacific (Southern Hemisphere)
on the 11th and 24th of September,! and the

! Reported Nuclear Detonations, Sept. 1966,
Radiological Health Data, vol. 7, no. 10, US Dept.
of Health, Education and Welfare.
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4th of October, 19661 while the Chinese tests
were carried out in China (Northern Hemisphere)
on the 27th Octobert and the 28th December
19662. These tests which are of low yields were
estimated to contribute not more than 1 pCi
kg-! to the measured specific radioactivity be-
cause of the distances of the sites of tests from
Ibadan. Moreover, sharp increases of specific
radioactivity would be expected within two
weeks of the tests. From Fig. la, it can be seen
that there is no obvious association between
nuclear weapons tests and the general increase
in atmospheric radioactivity during the period
July 1966 to February 1967.

The general increase of specific radioactivity
of the atmosphere during Oct.—Feb. can be
explained in terms of exhalation of emanation
from the ground. The earth’s crust contains
the radioactive nuclides, U-238 (1.3 uCim~—3),
U-235 and Th-232 (2.2 4Cim-?) which decay
to produce isotopes of Radon. After formation
in the ground, Radon (Rn-222) and Thoron
(Rn-220) which are gases, diffuse into the at-
mosphere. The decay products which are heavy
metals then become attached to natural aero-
sol particles. Israel (1958) has proposed a simple
theory for such a diffusion process.

(b) Particular periods of high specific
radioactivity

The results of statistical analysis of data pre-
sented in Section 3(b) indicate that when the
appropriate time lag is introduced, the correla-
tion of periods of high specific radioactivity and
those of specific volume of water vapour is
significant, except for the 12th interval cor-
responding to peaks (ii) and (iii) of Fig. 1a and
(i) of Fig. 1b. This implies a dependence of
high specific radioactivity on specific volume
of water vapour or the dependence of both para-
meters on a common factor.

Taking into consideration that (1) the cross-
correlation coefficient, r, obtained in Fig. 3 are
moderate in values and (2) that despite the one
to one correspondence in the peaks of the two
parameters for the 11th, 13th and 14th inter-

1 Reported Nuclear Detonations, Oct. 1966,
Radiological Health Data, vol. 7, no. 11, US Dept.
of Health, Education and Welfare.

2 Reported Nuclear Detonations, Dec. 1966,
Radiological Health Data, vol. 8, no. 1, US Dept.
of Health, Education and Welfare.
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Fig. 4. Streamlines at 850 mbars for the 2nd of Jan.
1967—a typical severe Harmattan day at Ibadan.

N, wind of 20 knots blowing from N.E. .-\, wind

of 10 knots blowing from N.E. / , wind of 5 knots

blowing from S.W. Recognised areas of high radio-
activity are shaded. Crosshatched area, the radio-
active fields of Basin of Agada in the Niger Repub-
lic; striped area, the radioactive fields of plateau
regions of Northern Nigeria.

vals, the coefficient of correlation was insignif-
icant for the 12th interval, one can conclude,
contrary to the case of the general increase in
specific radioactivity, that the dryness of the
air could not be directly responsible for the
high values of specific radioactivity recorded
during the Harmattan. Additionally, one would
expect to record the same time lags for the
peaks (1), (i1) and (v) of Fig. la for which mod-
erate correlation exist, if the converse were
the case.

In interpreting the results of the strong cor-
relation of periods of high specific volume of
water vapour and high specific radioactivity,
an important fact which must be taken into
consideration is that periods of high specific
volume of water vapour correspond to the
presence of continental north-easterly wind at
a station on the West Coast of Africa. The
north-easterlies blow around the subtropical
high pressure cells which are virtually stagnant
over the Sahara Desert during the Harmattan
season (Fig. 4). These north-easterlies were
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originally north-westerlies and these blow in
from the higher latitudes. They are cold and
fairly moist. But in their usually slow transit
over the desert, they lose their moisture to
higher levels of the atmosphere by convection.
When they arrive over Northern Nigeria their
relative humidity would have dropped to as
low as 10-15 %. On the other hand, the maritime
south-westerly wind blows from over the At-
lantic Ocean, so that it is laden with moisture
and its relative humidity is generally over 70 %
corresponding to low specific volume of water
vapour. The positions where these two winds
meet form the intertropical line of discontinuity
of humidity or of specific volume of water
vapour. Hence the specific volume of water
vapour can be employed to distinguish between
winds which are predominantly north-easterly
and south-westerly, a low specific volume of
water vapour will then correspond to the south-
westerly wind while a high specific volume of
water vapour to the north-easterly wind.

(c) Origin of peaks of radioactivity and

their transportation to Ibadan

Since from Section 4(b) it was concluded that
the dryness of the wind was only indirectly
responsible for periods of high specific radio-
activity during the Harmattan, the strong cor-
relation of high specific volume of water va-
pour and high specific radioactivity can now be
interpreted as simultaneous presence of high
specific radioactivity and the north-easterly
wind. Hence the north-easterly wind might

be responsible for transporting radioadtive dust
to Ibadan. The plateau regions of Northern
Nigeria, and Azelik, Arlit, Modovela and the
Basin of Agada in the Niger Republic (Fig. 4)
are recognised areas of high natural radioac-
tivity due to the presence of Uranium, Thorium
and other radioactive minerals. These might
be sources of the radioactive dust measured at
Ibadan. Convectional currents, sandstorm, and
turbulence would play an important role in
raising radioactive dusts to heights of 3 km
which is the ceiling of Harmattan dust haze
observed by aircrafts (Aina, 1970). In the
plateau regions of Nigeria, where monazite and
columbite mines are on the northern edge of
the plateuau, orography might be important
also. These dust particles mostly in the diame-
ter range of 0.1-0.4 um, once air-borne are
transported southwards by the north-easterly
wind during the Haramattan.

The highest correlation values from Fig. 3
are for time lags of 1-3 days. It is difficult to
find an acceptable theory which can explain
these time lags. This is a problem worthy of
further investigation and maybe, the answer
will enhance our understanding of the role of
meteorology on atmospheric radioactivity.
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CE30HHBIE BAPUAIIUM ATMOCO®EPHON PAJTUOAKTUBHOCTU B UBAJAHE

IlpexcraBieHsl pe3yJabTATH peryJjsipHOTO Mc-
clefloBaHMsA Npo0 BO3AYyXa HA paJMOAKTUB-
HocTh B M6amase 3a mepuop ¢ uioaa 1966 r. no
despans 1967 r. Pesynbprarhi ykashnBaKOT Ha
ofulee yBeanmyeHue ypeldbHO arMocdepHON
PaJMOAKTHBHOCTH M Ha CIlellMajJbHEE I1epHObI
BBICOKOIl yIeJIbHON PagMOaKTUBHOCTH B TeueHNe
cezoHa Xapmarrana. OGiee yBejndyeHyue yaeib-
Hoilt arMocilepHONl PARUOAKTHBHOCTH He Koppe-
JUpyeT C MCHBITAHUAMH HANEPHOTO ODYHHUA W
00BACHAETCH yCHIIEHNEM dKCXAIHIMN dMaHAL{NI
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u3 3eMHOlt KOpH. IToka3aHo 4To 3aMeTHble MHKH
YAeIbHON AKTUBHOCTH KODPPENUPYIOT C TrAKe-
JBIMM IHAME XapMaTTaHa, KOTOPLIE XapaKrepn-
3YIOTCA BHICOKMM Y/JeJbHBIM COiep:KaHUeM BO-
Aanoro mapa B arMocepe. 3aMeTHHE NHKHA
ymenbHoil arMocPepHOl PpPAgMOAKTHBHOCTH B
MecAIllbl XapMaTTaHa HPUINCHIBAIOTCA KOHTH-
HEeHTAJBLHHIM CeBePO-BOCTOUYHBIM BeTpaM, KOTO-
phle MEePEeHOCAT PAINOAKTUBHYIO NHJIb C Paguo-
aKTHBHHIX Toselt peciyOnuku Hurep u c o6iaa-
creft miato Hwmrepuum K crannuu HaGaogeHunsA.



