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shows the locations where measurements were made,
as listed in Tables 1 and 2.

Measurement technique

The rapid in situ method of gamma spectroscopy
was employed using a 7.6 cm � 7.6 cm NaI(Tl)
detector placed at a height of 1 m above the ground
surface. The detector has a resolution of about 8%
at the 0.662 MeV line of 137Cs. As shown in a
typical spectrum in the ®eld, this resolution is suf®-
cient to resolve the 1.460 MeV, 1.760 MeV and
2.614 MeV gamma peaks that were used to measure
40K, 238U and 232Th respectively. The detector was
coupled to a Canberra Series 10 Plus multichannel
analyser (MCA) (model no. 1104) through a pre-
ampli®er base. The output signals from the NaI(Tl)
detector were passed to the MCA through coaxial
cables of about 5 m. The same length of cable
carries the high voltage necessary to bias the photo-
multiplier tube (PMT) of the detector from the MCA.
The MCA operates on a rechargeable Cd cell battery,
which can last for about 8 h when fully charged. A
standby 12 V car battery was used whenever the
in-built batteries ran down in the ®eld. Counting was
done for a preset time of 1000 s at ®ve locations
within each of the 32 communities and the counts per
second (Nf) for each of the three peaks of interest
were obtained for each spectrum. The count per sec-
ond for each radionuclide at each location was
computed using the algorithm in the memory of
the MCA.

Calibration procedure

The relevant quantity for the assessment of the radio-
logical health effect is the absorbed dose rate and
not the soil activity concentration. A conversion
from activity concentration to dose rate in air (i.e.
D/A) is therefore necessary to evaluate the impact
on health. In order to do this, a uniform distribution
of the radionuclides was assumed, and also all
daughters including gaseous 222Rn and 220Rn from
238U and 232Th series respectively were considered to
be in equilibrium with their parents and, as such, the
effects of the gaseous components were not taken

into account. Under this condition, the important
factors in in situ gamma spectrometry reduce to
Nf/A and Nf /D, which relate Nf to the absorbed
dose rate (D) and soil activity concentration (A) of
each radionuclide. The conversion factors obtained
by Zombori et al (15) for gamma ¯ux intensity at 1 m
above the ground using a 7.6 cm � 7.6 cm NaI(Tl)
are given in Table 3. The factors in this table were
obtained from a combination of both theoretical
and experimental values. The stated errors were
therefore the errors in each of the quantities used
to calculate the calibration factors.

The quantity D/A is independent of the detector
type and has been derived by Beck et al (16) for
different detector types as:

D� 0:042AK � 0:429AU � 0:666ATh

where D (nGyÿ1) is the total air absorbed dose rate
due to the activity concentrations AK, AU and ATh

of 40K, 238U and 232Th respectively in Bq kgÿ1.

RESULTS AND DISCUSSION

In all the locations considered, a region of interest
was created around 0.662 MeV to measure the pre-
sence of fallout 137Cs at each locality. No net count
above the background was observed in this region,
showing that the radionuclide was not present in
any detectable amount. No peaks apart from those
due to 238U, 232Th and 40K were observed at any of
the localities. Using the total calibration factors
obtained by Zombori et al (15) as presented in Table 3,
the Nf acquired for each peak at each location
was converted to activity concentration in Bq kgÿ1

shown in Table 4.(4) Using D/A, the absorbed dose
rates at each location were calculated and the results

Table 2. Locations without known oil exploration activities
(numbers refer to locations shown in Figure 1).

Location no. Communities

1 Okitipupa
2 Igbokoda

14 Okoso-logan
29 I®ayong
31 Uyo
32 Calabar

1
2
3

4 5
6

7 8
9

10
11

12 13
14

15 16
17 18

19
20
21

22
23 24

25 26

27
28

29

Uyo

Calabar
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Figure 1. Map showing the locations where measurements
were made. Tables 1 and 2 give the names of the numbered

locations.
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are presented in Table 5. The average total absorbed
dose rates for the Delta region is 24.7 nGy hÿ1,
representing 44.9% of the world average value of
55.0 nGy hÿ1.(17) The mean absorbed dose rates in
air for areas where oil exploration is known to be
taking place or had taken place in the past is
25.4 nGy hÿ1. The mean absorbed dose rates in air
for areas without any known evidence of oil extrac-
tion is 22.2 nGy hÿ1. The mean absorbed dose rate
in air in areas with oil exploration activity is
about 14.4% higher than areas without oil exploration

activity. Statistical treatment shows no signi®cant
difference between the two results.

In estimating the outdoor effective dose in any
environment, the two factors of importance are the
conversion factor from Gy hÿ1 to Sv hÿ1 and the
occupancy factor. The former gives the equivalent
human dose in Sv yÿ1 from the absorbed dose rate
in air (Gy hÿ1) while the latter gives the fraction of
the time that an individual is exposed to the outdoor
radiation. The ®rst factor has been recommended by
the United Nations Scienti®c Committee on the

Table 3. In situ conversion factors of natural radionuclides for a 7.6 cm � 7.6 cm NaI(Tl) detector.(15)

Energy (MeV) Nf /A (cps (Bq kgÿ1)ÿ1) Nf /D (cps (nGy hÿ1)ÿ1) D/A (nGy hÿ1 (Bq kgÿ1)ÿ1)

1.460 (40K) (10.1 � 0.5) � 10ÿ3 0.2400 � 0.0070 0.042 � 0.003
1.760 (238U) (10.5 � 0.5) � 10ÿ3 0.0245 � 0.0012 0.429 � 0.042
2.614 (232Th) (20.5 � 1.0) � 10ÿ3 0.0308 � 0.0008 0.666 � 0.048

Table 4. The mean speci®c activities of 40K, 238U and 232Th for the region.

Location
no.

40K (Bq kgÿ1) 238U (Bq kgÿ1) 232Th (Bq kgÿ1)

Range Mean Range Mean Range Mean

1 14.3----28.8 19.5 � 6.3 11.0----19.2 17.2 � 4.3 7.9----17.8 13.9 � 3.8
2 12.5----14.2 13.4 � 0.7 19.7----11.6 10.8 � 0.7 14.4----19.6 17.2 � 2.0
3 11.0----22.9 16.4 � 5.2 10.7----13.4 12.1 � 1.0 15.7----20.0 18.0 � 1.8
4 39.4----47.9 44.3 � 3.2 18.3----28.5 24.4 � 4.3 20.3----24.5 22.8 � 1.6
5 25.9----32.8 28.5 � 2.6 8.5----13.9 11.6 � 2.0 8.9----14.4 11.0 � 2.2
6 41.2----62.7 53.2 � 8.0 18.7----27.7 22.1 � 3.4 24.0----33.3 28.2 � 4.5
7 50.6----67.6 57.5 � 7.1 25.0----28.7 26.7 � 1.5 23.5----32.2 29.0 � 3.3
8 31.3----50.4 39.7 � 7.5 18.5----13.9 18.4 � 1.6 20.2----28.3 23.1 � 3.1
9 32.9----50.1 41.7 � 6.5 15.8----19.3 18.0 � 1.4 22.5----29.4 25.9 � 2.9

10 21.2----30.3 25.1 � 3.4 10.1----12.5 13.1 � 4.0 18.1----22.2 19.9 � 1.8
11 21.5----31.1 27.5 � 3.6 10.1----15.4 11.7 � 2.1 15.3----20.3 18.3 � 1.9
12 39.5----47.6 43.7 � 3.4 12.5----22.5 15.7 � 3.9 24.4----30.8 27.4 � 2.8
13 42.2----53.9 49.4 � 4.4 11.5----22.9 14.7 � 4.7 20.4----31.3 25.5 � 3.9
14 11.1----41.8 22.8 � 13.0 19.8----23.4 13.7 � 5.6 15.1----25.2 21.6 � 4.1
15 44.0----55.6 48.8 � 4.4 16.5----20.3 18.0 � 1.4 22.6----29.8 27.7 � 2.9
16 31.1----44.2 36.3 � 5.2 11.5----19.1 15.5 � 2.8 25.7----29.9 26.7 � 1.8
17 38.5----45.7 42.5 � 2.9 12.6----19.1 14.8 � 2.6 28.9----33.7 30.5 � 1.9
18 31.7----45.8 36.3 � 6.0 19.6----25.0 13.9 � 6.3 28.4----30.7 29.7 � 0.9
19 32.0----39.7 36.1 � 3.0 13.4----19.1 15.7 � 2.1 24.5----30.8 26.5 � 2.5
20 24.9----30.8 28.1 � 2.6 10.1----20.6 14.2 � 3.9 24.3----31.4 29.0 � 2.9
21 21.2----43.6 32.7 � 8.5 13.4----20.0 16.2 � 2.8 21.8----29.9 26.0 � 3.0
22 17.4----21.9 18.8 � 2.2 7.7----13.3 10.8 � 2.0 26.4----30.5 28.0 � 1.8
23 21.0----37.9 24.9 � 7.4 9.7----19.1 12.5 � 3.9 25.2----29.8 27.2 � 1.9
24 20.1----31.1 26.0 � 5.0 9.1----18.2 13.4 � 4.0 22.9----29.9 26.4 � 2.6
25 31.6----43.8 36.5 � 4.8 13.6----21.1 17.9 � 3.2 25.7----30.8 28.0 � 2.3
26 21.2----31.9 24.6 � 4.3 18.7----25.0 21.1 � 2.5 21.1----27.7 23.9 � 2.8
27 19.4----22.9 21.2 � 1.5 13.7----20.4 18.3 � 2.7 25.2----33.8 29.8 � 3.1
28 21.2----30.8 26.0 � 3.9 17.5----27.7 21.2 � 4.0 22.4----26.6 24.4 � 1.9
29 19.2----30.6 22.7 � 4.5 13.0----25.5 15.2 � 2.5 20.6----25.5 23.6 � 2.1
30 10.9----31.6 20.9 � 7.3 10.6----22.0 15.6 � 3.9 21.5----28.3 24.1 � 2.1
31 14.3----32.8 21.9 � 6.7 11.6----22.0 16.2 � 4.0 15.9----26.9 22.4 � 3.4
32 22.4----861.7 127.8 � 0.81 11.6----31.8 19.1 � 6.4 16.4----53.8 25.1 � 10.5
Mean � SD 34.8 � 20.4 16.2 � 3.7 24.4 � 4.7
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Effects of Atomic Radiation(17) as 0.7 Sv Gyÿ1 and
the second factor as 0.2, which suggests that an
average individual stays outside for about 4.8 h
daily. This factor suits the pattern of life in the
studied area, yielding the outdoor effective dose
given in Table 5. Indoor dose rates were not evalu-
ated because the essential data on average build-up
of radon gas in the indoor atmosphere were not
available. The mean outdoor annual effective dose
in the region is 31.6 mSv yÿ1 representing 45% of the
world average value of 70 mSv yÿ1.(17)

CONCLUSION

The present work has been able to establish a base-
line radionuclides level for the Delta region of
Nigeria, which will serve as reference for future
assessment. The assessment of the radionuclide
level of the area shows no signi®cant impact of the
extensive usage of radioactive materials in the region
on the radiation burden of the environment. Arti®-
cial radionuclides were not detected in all the

locations surveyed. The mean outdoor annual effect-
ive dose to the region is about 45% of the world
average value.
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