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ABSTRACT

A preliminary study of soil and rock samples from selected locations within the Accra Metropolis

and its immediate hinterlands has been conducted to determine the concentration of naturally

occurring radionuclides and the exposure to the population. Representative areas were selected

based on the geology and population density. The results so far obtained indicate. that the

exposure of the population living in the vicinity to naturally occurring radionuclides of

potassium-40, the uranium-238 and thorium-232 series is quite significant compared with natural

radioactivity levels in soils and rocks reported by a number of researchers. The highest

concentration of radionuclides in soil and rock were recorded in samples from Dodowa with the

lowest concentration in soils from Shai Hills and rocks from Weija.



INTRODUCTION

Man is exposed to ionizing radiation from a number of sources, namely; cosmic rays and

naturally occurring radionuclides which are always present in the environment, and man-made

sources due to human activities. Natural radiation sources include cosmic radiation and radiation

from natural radionuclides in the soil and atmosphere; the latter constitute external as well as

internal sources of exposure through intake of radionuclides by the body. Man-made sources

include radiation resulting from medical, industrial and research uses of x-rays and radioactive

materials[l]. A major contribution of man-made sources is the irradiation of man from fallout

from nuclear weapons testing and nuclear accidents and waste products from the operation of

nuclear reactors, nuclear power and associated activities being relatively small. Knowledge about

radiation of natural origin is very important due to the fact that it is the largest source of

population dose larger than any of the artificial sources. Additionally, natural irradiation

involves the entire global population. Natural irradiation has exposed mankind at relatively

stable dose levels over a long period of time, so that it can serve as a standard reference to

evaluate the significance of man-made increments. Radiation Protection guidelines have been

based on knowledge in two principal areas, namely, observed relationship bolween dose and

effects in animals and man, and dose lev sis from natural background radiation [1].

Investigation by other workers indicates that there can be substantial difference in the doses

received from sources of natural origin. For example, cosmic ray dose would be highest for

those population groups living at high altitudes or more polar latitudes, for those whose

recreation involves skiing or mountain climbing, and for those whose work or pleasure includes

considerable air travel. One of the hazards of space travel is a belt of "trapped" radiation, the

Van Allen Radiation Belts, that surround the Earth at a height of several thousand miles[2].

In order to obtain a sufficiently accurate evaluation of the average radiation dose in the human

population due to natural sources, it is necessary to collect as much data as possible on natural

background radiation and every contribution in this sense is considered helpful. The UNSCEAR

[3] report shows data on radiation and natural radioactivities of the human environment. Values



for the average dose to the human population due to natural sources of radiation serve as useful

balance of reference with which doses received from other sources can be compared.

Measurements of natural background radiation have been made at different locations throughout

the world. Surveys have been conducted on country side basis for the purpose of estimating the

population exposure to natural radiation [4-12]. Studies have been conducted on a small scale,

covering a limited geographical area in some locations [1]. Different techniques and

instrumentation have been used in these investigations. Emphasis have been laid on

measurements in open fields versus paved areas, indoor versus outdoor, etc. While background

studies have been done in developed countries, there are apparently no comparable studies in

Africa, especially south of the Sahara. In Ghana, the natural radiation to which the population is

exposed has not been assessed. With increasing nuclear activities in the country, background

studies have to be performed with which to compare any possible increment in exposure due to

man-made radioactive sources.

This report covers a survey conducted within the A.ccra metropolis. The primary objective is to

determine the exposure of the population from the terrr.trial background gamma radiation.

Accra, which is the capital of Ghana, lies in the Greater Accra Region with an -nea of 3,417.12

square kilometres (995 square miles) and a population of about 3 million [13]. This is

approximately 17% of the population of the country. The results from the study will be used as a

base-line for setting and formulating radiation protection standards in Ghana.

2. METHOD

2.1 Geology of sampling areas

The choice of the monitoring sites is an important factor in this type of study. The geological

map of the study area was examined in order to identify the presence of potentially high or low

concentrations of naturally occurring radioactive substances based on the geological formation.



The study area comprise of four basic geological structures with different overlaying soil types.

The type of rocks include igneous rock with granatoids, metamorphic rocks with quarzites,

metamorphic rocks with gneiss and sedimentary rocks with interbedded sandstone grits and

shales. The three basic soil types also include sand, clay and loam. The soil composition for each

sampling site is made up of a single or a combination of two or three types. The rock types and

soil compositions are provided in Table 2.1.

James Town in Accra and its immediate surroundings are made up of mainly sedimentary rocks

with interbedded sandstone grits and shales in a formation known as the Accraian (Middle

Devonian) [13]. This formation is faulted in some parts and subjected to seismic activity.

Monitoring sites were chosen from different geological formations since some types of soil and

rocks are known to exhibit higher radioactivity than others. It is therefore expected that the type

of geological formation upon which a person lives will have a significant effect on exposure.

Granite rocks are known to have high concentration of uranium[14].

2.2 Sampling, sample preparation and measurements

Soil and rock samples were collected from Kasoa, Weija, James Town, Shai Hills, Nsawam,

Aburi, and Dodowa. These areas were chosen based on their geology. The samples were

collected in undisturbed areas remote from man-made structures i.e. roads, buildings, etc.), to

ensure that these structures did not influence the results of the measurements. Four samples were

collected from each site and placed in plastic containers. Soil samples were collected to a depth

of 5 cm. Rock samples were collected from the same sites as the soils and placed in a plastic

containers.

Soil samples were air-dried and made into a composite and well mixed to obtain homogeneous

mixture. Rock samples were pulverized to a uniform mixture. The samples were measured with

a high purity Germanium detector assembly housed in a 7.5cm thick lead shield, and connected

to a counting assembly. The Data collected were analysed with a Nuclear Information Processor

(model 201) manufactured by SILENA. A counting period of 800-1000 minutes was used for the



data acquisition. Background measurements were also taken for the same duration.

3. RESULTS AND DISCUSSION

Results of the measurements are shown in Tables 2.1 to 2.5. The composition of the various soil

samples are shown in Table 2.1. In Tables 2.2 and 2.3 the results from the gamma-ray

spectroscopy or radionuclide measurements of the soil and rock samples are shown. The

radionuclide identified in the samples include potasium-40, thallium-208, lead-212 and 214,

bismuth-212 and 214 and actinium-228. From these the natural radioisotopes in the samples

notably uranium-238 and thorium-232 were found. These are presented in Tables 2.4 and 2.5.

The spectrum analysis shows statistical error which are below 30% for all the radionuclides

identified. Table 2.6 is data from work reported elsewhere which has been added for comparison

purposes.

The most significant of the radionuclides identified was potassium-40. The potassium-40

content of the soil samples ranged from 91.19 to 1,395.93 Bq/kg whiles that in the rock samples

ranged from 86.30 to 1,510.12 Bq/kg. The highest potassium-40 content war, found in both the

soil and rock samples from Dodowa, a sandy loam area. The least potassium-40 content in the

soil samples analyzed was from James Town, a sandy clay area whilst the rock sample to contain

the least potassium-40 was from Shai Hills. It was realized that the loamy areas were higher in

potassium-40 content than the areas with clay.

In the thorium-232 series, the most significant daughter radionuclide (progeny) was actinium-228

followed by lead-212 and bismuth-212. In the thorium-232 series, the most significant progeny

was thallium-208. This pattern is in agreement with the half lives of the progeny. Thallium-

208, with a short half life of 1.37 minutes will decay faster than its parent radionuclides lead-212

and bismuth-212, half lives (10.64 hours and 60.5 minutes respectively). For the same progeny,

it was realized that the concentrations in the soils were higher than those in the rock samples. In

the soil samples, the thorium-232 content ranged from 3.23 to 145.7 Bq/kg whiles in the rock

samples it was 9.89 to 117.47 Bq/kg. Samples from Dodowa were found to contain the highest



concentration of thorium-232 for both soil and rock.

The concentrations of the uranium-238 series were the least in the three natural radioisotopes

identified. The progeny in this series had comparable concentrations with bismuth-214 being

slightly higher than the corresponding Iead-214 in all instances. The uranium-238 content in the

soil samples ranged from 2.36 to 62.70 Bq/kg whiles that in the rock ranged from 1.56 to 41.10

Bq/kg. The highest concentration of uranium-238 was found in the soil from Dodowa whiles the

rock from Aburi had the highest uranium-238 concentration.

In order to compare the results of this work with those reported elsewhere, the concentration of

the natural radioisotopes identified in the rocks have been presented based on rock type in Table

2.5. An adapted results from UNSCEAR, Parker and Veiiogradov(13) have been presented in

Table 2.6.

The igneous rock samples gave natural radioactivity levels comparable to that reported by

u'NSCEAR, Parker and Venogradov(13). The range of natural potassium in the rocks were

found io be from 9.00 to 1510.12 Bq/kg whiles that reported by UVSCEAR was from 148 to 999

Bq/kg. The rock samples from Dodowa gave potassium content higher than that of the rep. «rt

and may indicate an acidic rock.

4. CONCLUSION AND RECOMMENDATION

From the results of the study it can be concluded that the terrestrial background gamma radiation

in the Accra Metropolis is much higher than data reported elsewhere. The activity concentrations

in the soils ranges from 91.19 ± 1.50 to 1,395.93 + 18.14 Bq/kg; 2.36 ± 0.12 to 62.70 ± 1.57

Bq/kg; 3.23 ± 0.12 to 145.75 ± 4.44 Bq/kg for potassium-40, uranium-238 and thorium-232

series respectively. In the rocks, the activity concentrations ranges from 9.00 ± 0.95 to 1,510.12

±18.12 Bq/kg; 0.68 ± 0.06 to 41.10 ± 0.90 Bq/kg; 0.51 ± 0.02 to 117.47 ± 4.29 Bq/kg for

potassium-40, uranium-238 and thorium-232 series respectively.



It is recommended that more research be carried out in the soils and rocks from Dodowa environs

to ascertain the cause of the high natural gamma background radiation recorded in the area.
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Table 2.1: Composition of rock and soil of the sampling areas

Sampling

Site

James Town

Weija

Kasoa

Shai Hills

Nsawam

Aburi

Peduase

Dodowa

Type of Rock

Sedimentary rock with interbedded

sandstone

Metamorphic rock with quartzite

Igneous rock with granatoids

Metamorphic rock with gneiss

Igneous rock with granite

Metamorphic rock with phylite

Metamorphic rock with quartzite

Igneous rock with granite

Percentage Composition of Soil

% Sand

48.35

....
63.90

60.13

86.12

53.39

59.19

61.89

77.77

% Silt

6.62

18.36

12.02

4.69

9.45

16.62

25.48

14.41

% Clay

45.03

17.74

27.85

9.19

37.16

24.19

12.63

7.82

Texture

sandy clay

sandy loam

sandy clay loam

sand

sandy loam

sandy clay loam

sandy loam

sandy loam

II



TABLE 2.2: Radionuclides identified in soil samples from the Accra Metropolitan area

Samplin

gSite

James

Town

Weija

Kasoa

Shai

Hills

Nsawam

Aburi

Peduase

Dodowa

Surface

Geology

Sandy clay

Sandy loam

Sandy clay

loam

Sand

Sandy clay

Sandy clay

loam

Sandy loam

Sandy loam

Radionuclides Identified (Bq/kg)

4UK

91.19±

1.50

123.4 ±

1.84

464.90 ±

4.18

125.00+

2.00

388.60±

4.01

235.93±

4.01

283.32±

3.97

1,395.93

±18.14

13.13

±0.13

3.34

±0.05

9.40

±0.20

8.92

±0.17

4.79

±0.10

19.51

±0.37

/I2Pb

30.11

±0.36

9.71

±0.14

1.05

±0.02

29.71

±1.15

18.6"

±0.52

54.24

±2.11

2"?b

16.60

±0.20

6.36

±0.11

10.54

±0.20

2.36

±0.12

19.59

±0.58

17.66

±0.53

31.29

±0.97

"2Bi

25.70

±0.72

8.05

±0.37

20.22

±0.81

1.20

±0.03

18.50

±1.42

24.33

±1.06

14.74

±0.70

, i 4 B i

16.80

±0.20

6.59

±0.12

9.29

±0.41

16.49

±0.38

20.54

±0.35

19.26

±0.29

31.41

±0.60

^ A c

40.8

±0.37

13.66

±2.02

30.85

±0.52

0.98

±0.07

25.90

±0.83

39.58

±0.67

72.00

±1.94
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TABLE 2.3: Radionuclides identified in rock samples from the Accra Metropolitan area

Sampling

Site

James Town

Weija

Kasoa

Shai Hills

Nsawam

Aburi

Peduase

Dodowa

Type of Rock

Sedimentary rock with

interbedded sandstone

Metamorphic rock with

quartzite

Igneous rock with granatoids

Metamorphic rock with

gneiss

Igneous rock with granite

Metamorphic rock with

phylite

Metamorphic rock with

quartzite

Igneous rock with granite

Radionuclides Identified (Bq/kg)

13.54 ±

0.38

9.00 ± 0.95

406.34

86.30 ±

1.55

452.42 ±

0.59

726.54 ±

8.75

107 74 ±

2.15

1,510.12 ±

18.12

0.51 ±0.02

3.99 ±0.07

9.08 ±0.38

10.66 ±

0.17

16.64 ±

0.45

2l2?b

8.23 ±

0.05

33.93 ±

1.32

3.69 ±

0.13

100.82 ±

3.84

1.56 ±

0.01

19.77 ±

0.57

3.30 ±

0.12

13.88 ±

0.49

12.50 ±

0.07

1.45 ±

0.43

16.07 ±

1.24

25.54 ±

0.89

2.50 +

0.24

"14Bi

0.68 ± 0.06

12.06 +

0.18

12.17 ±

0.29

21.33 +

0.32

9.15 ±

0.26

25.79 ±

0.36

22SAc

3.31 ±0.11

19.22 ±0.38

0.21 ±0.02

21.44 ± 0.71

41.66 ± 0.64



Table 2..4: Activity concentration of 40K, 238U, and 232Th in soil samples from the Accra

Metropolitan area

Sampling Site

James Town

Weija

Kasoa

Shai Hills

Nsawam

Aburi

Peduase

Dodowa

Surface Geology

Sandy clay

Sandy loam

Sandy clay loam

Sand

Sandy clay

Sandy clay loam

Sandy loam

Sandy loam

Activity concentration (Bq/kg)
4UK

91.19+ 1.50

123.40 ± 1.84

464.90 ± 4.18

125.00 ± 2.00

388.60+ 4.01

235.93 + 4.01

283.32 ± 3.97

1,395.93 ±18.14

238U

33.4 ± 0.40

12.95 ± 0.23

19.83 ±0.61

2.36+ 0.12

16.49 ± 0.38

40.13 ± 0.93

36.92 ± 0.82

62.70+ 1.57

^ 3 2 Th

109.74 ± 1.54

34.76 + 2.58

60.47 ± 1.53

3.23 ± 0.12

44.4+ 2.25

102.54 ±3.05

38.20 ±1.32

145.75 ±4.44



Table 2..5: Activity concentration of 40K,238U, and 232Th in rock samples from the Accra

Metropolitan area

Sampling site

James Town

Weija

Kasoa

Shai Hills

Nsawam

Aburi

Peduase

Dodowa

Type of rock

Sedimentary rock with interbedded

sandstone

Metamorphic rock with quartzite

Igneous rock with granatoids

Metamorphic rock with gneiss

Igneous rock with granite

Metamorphic rock phylite

Metamorphic rock with quartzite

Igneous rock with granite

Activity concentration (Bq/kg)

4 0 K

13.54 + 0.38

9.00 ± 0.95

406.34

86.30+ 1.55

452.42 ± 5.14

726.54 ± 8.75

107.74 ± 2.15

1,510.12+ 18.12

0.68 ± 0.06

12.06 ± 0.18

1.56 ± 0.01

12.17 ± 0.29

41.10+ 0.90

12.45 ± 0.38

39.67 ± 0.85

2i2Th

3.31+0.11

0.51+0.02

35.71 ± 0.52

9.89 ± 0.50

46.59 ± 2.33

111.79+ 3.02

6.19±0..32

117.47 ±4.29



Table 2.6: Typical Activity Concentration of 40K, 238U and 232Th in

Common rocks

Type of Rock

Igneous

Acidic

Intermediate

Mafic

Ultrabasic

Sedimentary

Limestone

Sandstone

Shales

Typical Activity <
40 p 23

999.0

703.0

240.5

148.0

88.8

370.0

703.0

Concentration (Bq/kg)
8U 232Th

59.2

22.9

11.5

0.4

27.8

18.5

81.4

32.6

11.1

24.4

t

7.0

11.1

44.4 44.4

Sources: Parker (1967)

UNSCEAR(1958, 1977)

Venogradov(1959)


