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Abstract

The specific activity concentration and the derived Annual Effective Dose (AED) in three types of vernonia
cultivated and consumed within and outside Cameroon were measured by means of a well-calibrated
high-purity germanium detector. Vernonia samples were collected directly from the production farms,
oven-dried to a constant mass, crushed, sieved and sealed for at least a month before analysis. The specific
activity of 2*U in the three types of vernonia ranged from 20 - 50 Bq-kg ' with an average of 42 + 15 Bq-kg ',
»2Th from 9 - 22 Bqkg ™' with an average of 17 + 7 Bqkg ' while *’K ranged from 115 - 460 Bq-kg ' with an
average of 302 + 36 Bq-kg . The average AED for “’K, ***U and ***Th were 0.15, 0.92 and 0.92 pSv-y”'
respectively. **U and **Th show the same trends both for the regional distribution of the radioactivity con-
tent and the AED. The discrepancies in our data can be attributed to many factors such as geological forma-
tion, foliar deposition, type and age of the plant, etc. Although the results obtained represent only some frac-

tions of the standard limit, but they are within some range obtained in other countries.
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1. Introduction

Exposure to ionizing radiation is generally regarded as
undesirable at all levels although no harmful effects are
known to follow very low-level exposures. Recently, con-
siderable attention has been given to low-level exposure
arising from naturally occurring radionuclides, particularly
2%, #2Th, their decay products and *’K. Natural radiation
sources are the very important and they deliver the highest
radiation dose to which human beings are exposed [1-3].
Natural radionuclides are present in air breathed by humans,
in food [4], drinking water [5,6] as well as the ground from
which human settlements are built [7]. When ingested or
inhaled, naturally occurring radionuclides are distributed
among body organs according to the metabolism of the
element involved, which normally exhibits varying sensi-
tivities to radiation [8]. Radioelements contents have been
measured in various food and drinking water samples by
several methods, but their concentrations differ from one
place to another. Previous studies have shown that there are
three food categories, namely: fish and shellfish, cereals
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(excluding rice) and vegetables, found to be the main con-
tributors to the daily intakes [9].

Thus, varying doses and risks result from the consump-
tion and the exposure to these radionuclides. Cameroon’s
population, whose majority is rural, feeds mainly on farm
products based principally on vegetables.

It is noted that one of the major direct contaminations of
man by ionizing radiations is done through the food chain.
So, accurate estimation of the occurrence of natural ra-
dionuclides in foods will provide information from which
the estimation of the average radiation exposure of the pub-
lic in some localities can be made. Also, the knowledge of
intakes of some radionuclides (such as ***U and ***Th) is
important for estimating the metabolic parameters of up-
take and retentions of those radioelements in human body
[9,10]. The leaves which constitute the eatable part of the
plant, are not only consumed in the whole country Camer-
oon with a consumption rate of about 40%, but exported to
the neighbouring countries like Gabon, Equatorial Guinea
and Central Africa Republic. To the best of our knowledge,
there is no published or on-going research of radionuclides

WJISNST



38 T.B.MAKON ET AL.

concentration in this plant in Cameroon and the present
investigation is the first systematic effort to provide data on
this aspect.

The purpose of this study is to identify radioelements
contained in the edible vernonia cultivated in Cameroon,
evaluate their specific activity concentration, and hence
derive the Annual Effective Dose (AED) resulting from
their consumption. The result would therefore constitute a
contribution to the establishment of a standard database of
the natural radioactivity of edible plants in Cameroon.

2. Materials and Methods
2.1. Study Area

Cameroon has a population of about 19,000,000 peoples
as adapted by the recent headcount and a land mass area
of 475,440 km”.The study area is located within the
country between the latitude 1°71'0"N and 6°71'0"N, and
the longitude 8°71'0"E and 13°71'0"E, in the northern
hemisphere precisely in Central Africa as shown in Ta-
ble 1 and Figure 1. It shares boundaries with the East
province in the East, Adamawa in the North, Republic of
Nigeria and the Atlantic Ocean in the West, and Equato-
rial Guinea and Gabon in the South. The area is tropical
in nature with two climatic seasons viz: wet season
which begins in March/April and ends in October with a
break in August, and the dry season which begins in
November and ends in March. The soil of the area is
generally lateritic with some clay intercalation, while the
geology of the area is essentially crystalline basement
complex with dominant rock suites being granite gneisses
charnokites [11].

2.2. Sample Collection

The main source of anthropogenic radionuclide exposure
of the indigenous population of this area is environmental
contamination of soil, vegetation and water. Information on
the radioactivity content, in food products consumed by the
population on the structure and composition of the inhabi-
tant’s was needed. The environmental sampling focused on
the various foodstuffs constituting the indigenous popula-
tion’s diet, namely the consumption of vegetables espe-
cially vernonia, since there is a great belief that the whole
plant is used for therapeutic needs in most parts of African.
The vernonia is an asteraceae with bitter leaves, commonly
called “ndole”; it generally occurs in three species namely,
Amygdalina; Calvoana and Richardiana. The essential dif-
ferentiation lies at the level of leaf morphologies, and the
population eats them without any distinction.

A total number of 63 samples of various vernonia were
collected between 14th May and 12th August 2003 from
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nine major supply towns of the country, where different
types of this plant exist and whose consumption rate is very
significant, directly from the agricultural farms, owned by
the authors and some indigenes (as listed in Table 1 and
shown in Figure 1).

In each town, sample collection was concentrated in
those vernonia species. The leaves were collected directly
from the plant at two different stages namely: when the
leaves have just started budding and again when the leaves
are about to shed. They were oven-dried under a tempera-
ture of 87°C within one day (24 hours) [12], and were with-
drawn, then crushed and sieved using a 2 mm sieve mesh.
All the samples were placed thereafter in a vertical cylin-
drical plastic container named Marinelli beaker, previously
washed, rinsed with diluted HCI and dried, and sealed for
at least four weeks to allow a sufficient time for **U and
*Th to attain a state of secular radioactive equilibrium
with their corresponding progenies prior to gamma spec-
troscopy [12-15].

2.3. Instrumentation

The counting equipment used consists of a Canberra ver-
tical cylindrical high-purity coaxial germanium (HPGe)
detector with model GC2018-7500 and serial number b
87063, enclosed in a 100 mm thick lead shield. The
HPGe detector was connected to a Canberra com-
puter-assisted Multichannel analyzer (MCA). Accurate
energy and efficiency calibrations of the gammaspec-
trometry system were made using a standard source of
radionuclides supplies by the International Energy Agency
(IAEA), Vienna, Austria and the Isotope Products Labo-
ratories, Burbank California, USA. The descriptions of
the gamma spectrometry system as well as more details
on the calibration are well documented [13,14]. An
empty Marinelli beaker with the same geometry as that
of the sample was used as background. The counting
time for accumulating spectral for both the samples and
background was set at 36,000 s. Each container was
counted twice in order to check the stability of the
counting system. The gamma spectroscopy analysis em-
ployed in this work was based on a computer program
SAMPO 90 which matched y-energy at various energy
levels to a library of possible isotopes. This data analysis
routine subtracted a linear background distribution from
pulse-height spectra of both the sample and the back-
ground in addition to the net background peak area being
subtracted from the corresponding net peak area for a
particular radionuclide. The resolution of the HPGe de-
tector made it possible to identify a wide spectrum of
y-rays in the sample and the photopeaks observed with
regularity in the samples were identified as belonging to
the radioactive decay series headed by***U and ***Th and
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Table 1. Sampling locations.

Location Number Sampling Locations Region Latitude Longitude Nos of Samples Collected
1 Yaounde Center 3°52'0"N 11°31'0"E 10
2 Ezeka 3°41'50"E 10°54'5"E 15
3 Douala Littoral 4°3'1"N 9°42'0"E 8
4 Edéa ! 3°48'0"N 10°8'0"E 6
5 Bamenda North-West 5°56'0"N 10°10'0"E 7
6 Sangmelima South 2°56'0"N 11°59'0"E 4
7 Lolodorf U 3°26"70"E 10726'8"E 5
8 Buea 4°9'33"N 9°14'12"E 4
9 Limbe South-West 0N 9°13'13"E 4
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Figure 1. Map showing the study area.

a non-series radionuclide “’K respectively. The other
radionuclides, if present, appeared infrequently at low
levels, or occurred at levels below the minimum detect-
able limit (MDL). The measurement error was about
30% and the method used for this study had the follow-
ing MDLs: 0.9 Bq-kg ™' for **U, 0.6 Bq'kg' for **Th
and 2.6 Bq'kg ' for “’K, all at a measuring time of 36,000 s.
The activity concentration of *K was determined di-
rectly by its y-line of 1460.8 keV, while that of **U and
2Th were estimated by measuring the y-ray lines of
609.3 keV of *'*Bi and 1120.3 keV of *"*Bi; and 969.0
keV of **Ac and 583.0 keV of 2Tl respectively.

3. Results and Discussion

3.1. Radioactivity Content in Leaves

The distribution of the average activity concentrations of
the radionuclides determined from the measurement of
the various types of vernonia analyzed is shown in Table

2 and Figure 2. From this table, the specific activity con-
centrations of *’K ranged from 115 - 429 Bq-kg ' with an
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average of 292 + 35 Bq-kg ™' in amygdalina; 187 - 460
Bqkg ™' with an average of 334 + 40 Bq-kg ™' in calvoana
and 226 - 293 Bqkg ' with an average of 263 £ 33
Bgkg ' in richardiana. The overall concentration of *’K
ranged from 115 to 460 Bq-kg ' with an average of 302 +
36 Bqkg™'. Potassium-40 is the most relatively abundant
radioelement of all species. This is not a surprise because
K is an essential biological element. Its concentration
in human tissue is about 63 Bq-kg ' and ranged between
40 - 600 Bq-kg™" in food [16]. This concentration is un-
der close metabolic (homeostatic) control [17]; and its
variations in dietary composition do not influence sig-
nificantly the radiation dose received. However its con-
centrations are not the same in all vernonia. It is highest
in calvoana and lowest in richardiana. It is realised that
all the samples present potassium-40 concentrations
higher than 200 Bq-kg ™', but lower than those reported
by other researchers elsewhere [18,19] and in other spe-
cies [20].

The specific activity concentrations of ***U ranged
from 20 - 50 Bq-kg™' with an average of 42 + 15 Bq-kg ™'
in amygdalina; 40 - 48 Bq-kg™' with an average of 45 +
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Table2. Specific activity concentration in various types of vernomia (Bq-kg ™).

07 Y BT
Types
Mean Range Mean Range Mean Range
Amygdalina 292 +35 115 - 429 42+ 15 20-50 17+7 9-20
Calvoana 334+40 187 - 460 45+ 16 40 - 48 17+6 15-19
Richardiana 263 +33 226 -293 32+11 29-35 18+5 13-22
Average 302 +36 115 - 460 42+15 20-50 177 9-22
400
mK-40
350
mU-238
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Figure 2. Bar chart showing radioactivity content in the various types of vernonia.

16 Bq'kg ' in calvoana and 29 - 35 Bq-kg ™' with an av-
erage of 32 + 11 Bqkg ' in richardiana. The overall
concentration of **U ranged from 20 to 50 Bq-kg ™' with
an average of 42 + 15 Bq-kg '; while the highest activity
concentration was recorded in calvaona. The activity
concentration for **U is relatively higher than that ob-
tained in the leaves of the same plants in India [20].

The specific activity concentrations of **Th ranged
from 9 - 19 Bq-kg™' with an average of 17 + 7 Bq'kg ' in
amygdalina; 15 - 19 Bq-kg™' with an average of 17 = 6
Bgkg ' in calvoana and 13 - 22 Bq-kg™' with an average
of 18 + 5 Bqkg ™' in richardiana, while the overall con-
centration of **Th ranged from 9 to 22 Bqkg ™' with an
average of 17 = 7 Bq-kg™'. The activity concentration for
»2Th in all the vernonia analysed is relatively equal but
higher than what was reported by Shawki in the plants
with the turn of a site of production of uranium in Wyo-
ming in the USA [21].

Both “’K and ***U activity concentrations were highest
in calvaona, followed by amygdalina and later by rich-
ardiana. This trend was reversed for *Th. The relative
high concentration of **U over ***Th may be due to the
fact that the acidity and wet condition at this site tend to
enhance the solubility and availability of ***U for plant
intake. Also foliar deposition of pond water spray con-
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taining elevated ***U concentration and subsequent foliar
absorption may be another important uptake mechanism
[21]. Tt is also interesting to note that the activity con-
centration in the leaves in their earlier days of life was
significantly higher than when they were getting mature.
This trend was observed in all the three radionuclides
namely “°K, ***U and **Th and in all the types of verno-
nia analysed as observed by Manigandan [22].

3.2. Regional Distribution of Radioactivity

The results of the regional distribution of radioactivity
obtained are presented in Table 3 and Figure 3. The
average activity concentration for K, **U and ***Th is
307 +39,37+ 12 and 17 + 6 Bq-kg ' in the center; 317 £
37,43 + 15 and 16 + 5 Bq'kg ™' in the littoral; 263 + 35,
not detectable and 17 + 7 Bq-kg ' in the north-west; 386
+ 34,45+ 18 and 18 + 9 Bq-kg ™' in the south; and finally
212 + 27, 49 + 19 and not detectable in the south-west
respectively. The highest activity concentration of *'K
was found in north-west, while the lowest was in-
south-west; **U was not detected in north-west and it
was highest in south-west; contrary **Th was not de
tected in south-west and highest in the center. In fact, the
the Atlantic ocean and it is made up of beach sands (un-
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Table 3. Regional distribution of radioactivity content in the vernonia analyzed (Bq-kg ™).

07 Y BT
Regions Mean Range Mean Range Mean Range
Center 307 +£39 198 - 397 37+12 20-50 17+6 9-22
Littoral 317+37 240 - 429 43+ 15 38-48 16+5 15-17
North-West 263 +35 184 - 460 ND ND 17+7 16-19
South 386 + 34 353 -408 45+18 40 - 49 18+9 16 - 19
South-West 212 +27 115-310 49+ 19 48 - 50 ND ND
450
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Figure 3. Bar chart showing regional distribution of radioactivity content in the vernonia analyzed (Bq-kg ).

consolidated) that may wash away potassium and
hencereduced its activity concentration as obtained else-
where [23].

The high specific activity of *’K in north-west would
be understandable by the fact that, the soil is constituted
by granite which usually accumulates potassium-40 [23].

Other contributors may also be the atmospheric depo-
sition of radionuclides on the leaves.

3.3. Annual Effective Doses Due to Vernonia
Ingestion.

The Annual Effective Dose (AED) is a useful parameter
that enables the radiation from different radionuclides
and from different types and sources to estimate the ra-
diation induced health effects associated with intake of
radionuclides by the body. It is proportional to the total
dose liberated by the radionuclides while residing in the
various organs [24].

The AED from a single radionuclide r in one foodstuff
fis given by:

H = a)r Crf U f

rt
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where H, is the effective dose by ingestion of nuclide
r (Sv/y),

o, is the effective dose conversion factor by inges-
tion of nuclide r (Sv/Bq),

C, is the activity concentration of nuclide r in inges-
tion of the food (Bq/kg), and

U, isthe food consumption rate f (kg/y).

The calculations are based on the assumptions that
each person takes food according to the consumption
defined in the food balance sheets [25]. The AED from
various radionuclides ingested in different types of
vernonia with various radionuclides is obtained by sum-
ming up over all nuclides and all vernonia collected. The
dose conversion factors per gram of ingestion of *’K;
*®U and *Th are 6.2 x 10, 2.8 x 107 and 6.9 x 107
for adults [25-27]. The estimated AED and its regional
distribution are shown in Tables 4 and 5 respectively,
while Figures 4 and 5 illus trate these results. For ***U,
the highest AED was obtained in calvoana while the
lowest came from richardiana; **Th also shows the
greater AED in richardiana and the smallest from amyg-
dalina. Similarly, calvoana hasthe biggest AED deriving
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Table 4. Estimated Annual Effective Dose by ingestion of vernonia (uSv-y ).

Types of vernonia K 38y 2Th Grand Total
Amygdalina 0.14 0.92 0.91 1.97
Calvoana 0.16 1.00 0.91 2.07
Richardiana 0.13 0.70 0.96 1.79
Average 0.15 0.92 0.92 1.94
Total 0.43 2.62 2.78 5.83
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Figure 4. Annual Effective Dose of the vernonia analysed.
Table 5. Regional distribution of Annual Effective Dose (uSv-y ).
Region YK Py Th
Center 0.15 0.80 0.91
Littoral 0.15 0.95 0.85
North-West 0.13 0 0.93
South 0.19 0.99 0.96
South-West 0.10 1.08 0
12 4
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Figure 5. Regional Distribution of Annual Effective Dose in various vernonia.

from “°K and the smallest from richardiana. The same
trends are also observed when considering the AED re-
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sulting from the three nuclides. Calvoana 2.07 pSv-y ',
followed by amygdalina 1.97 uSv-y ' and lastly rich-
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ardiana 1.79 uSv-y'. The total estimated AED obtained
were 1.97, 2.07 and 1.74 uSv-y ' for amygdalina, cal-
voana and richardiana respectively. The committed ef-
fective dose resulting from ingestion of **U and ***Th
combined in normal background areas was 6.3 puSv and
11 pSv respectively [28]. Therefore, the estimated aver-
age AED of **U and *Th from all types of vernonia
analyzed represent 15% and 8.4% of the said limits. The
estimated AED of *K was 0.15 uSv-y™" and it comprised
0.01% of the annual dose (AD) limit of 10° uSv-y ' for
the general public [26]. The estimated total AED re-
ceived from **U, **Th and *’K due to consumption of
vernonia by the inhabitants (5.83 puSv) was just about
2.01% of the total exposure per person resulting from
ingestion of terrestrial radioisotopes (290 uSv) as pro-
posed by the UNSCEAR [28]. *Th contributed the
highest to the mean AED, while the least contributor was
“K. This result is in agreement with other published
studies [29-32].

Also the highest AED deriving from uranium and tho-
rium content was obtained in South-west and South with
a values of 1.08 pSv-y ' and 0.96 uSv-y ' respectively,
while the AED was zero for both radionuclides in North-
west and South-west. In fact, North-west is made up of
series of mountains among are old volcanoes, resulting in
the possible radionuclides depositions that are trans-
ported through the erosion process to the South and
South-west located almost at the sea level.

4. Conclusions and Recommendations

Baseline data on the concentrations and derived annual
effective doses of the natural radionuclides, namely 40K,
U and *’Th in vernonia produced in Cameroon have
been established. The data obtained showed that, while
*K accounting the overall highest contribution of 460 +
48 Bq-kg ™', the highest for Z*U was found in calvoana
and that of **Th was recorded in richardiana with a

value of 50 + 20 Bq-kg ™" and 22 + 6 Bq-kg ' respectively.

Contrary, 2*U and *’Th were the major contributors of
the AED with an average values of 0.92 uSv-y ' for both.
The regional distribution of the radioactivity content and
derived AED revealed that the southern region recorded
the highest, while the least was found in North-west for
K and **U. Detected levels for *K in vernonia might
be higher than its specific activities in other foodstuffs
because potassium is more concentrated in leaves than in
any other parts of the plant. The differences in the results
were attributed to many factors such as geological for-
mation of the soil, foliar deposition, species and age of
the plant, etc. Although our results are still within the
range of some works obtained in many countries, but
Cameroon has the particularity in the sense that it is not
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only the food basket of many neighboring countries, but
it is made up of several active and non-active volcanoes,
the most recent being the Lake Nyos eruption that hap-
pen in 1986. It is therefore recommended that regular
monitoring of various matrices in this environment is
paramount. Taking into account the mutagenic and car-
cinogenic effects of some of the elements of the radioac-
tive chain of these radionuclides, their significant pres-
ence is a challenge to the authorities for the protection of
the inhabitants.
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