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Measurements of 238U, 232Th, and *K activity concentrations in some commonly used me-
dicinal plant parts have been performed for radiation hazard assessment and as baseline data
for health risk monitoring in South Africa and other countries. The mean activity of 2387y,
2327, and 49K was found to be 43.3 qug‘l, 33.7 qug'l, and 180 qug‘l in Sclerocarya
birrea; 85.0 qug'l, 75.3 qug'l, and 316.7 qug'1 in Cymbopogon citratus; 47.3 B(ikg‘l,
37.0 Bqkg™!, and 773.3 Bqkg ! in Neorautanenia ficifolia; 25.7 Bqkg™t, 30.0 Bqkg™!, and
510 qug‘1 in Kigelia africana, respectively. The estimated annual effective dose due to inges-
tion ranged from 0.013 mSv (Kigelia africana) to 0.032 mSv (Cymbopogon citratus), well within
recommended limits for the members of the public. Although the values revealed no hazards
from a radiological point of view, it represents a valuable database for regulatory functions.
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INTRODUCTION

Medicinal plants are culturally and economi-
cally valuable resources for a large proportion of
South Africa's population [1, 2]. They formed the ba-
sis of many modern drugs, nutraceuticals, and food
supplements [3, 4]. Additionally, they are an abundant
source of secondary metabolites (bioactive constitu-
ents) crucial to improving human health [1, 5]. Nota-
bly, over 50 % of drugs approved globally in the last 30
years are from natural products, with plants as the
dominant source [6].

The therapeutic properties of the plants are
partly due to active constituents formed by the inor-
ganic mineral element composition in the plants [7].
These inorganic elements, including the unstable ones
(radionuclides), accumulate in various parts of the
plant's tissue through soil-water by root uptake and the
aerial parts by direct deposition [8-10]. The
radionuclides ultimately find their way into the human
body through ingestion, representing an internal
source of radiation exposure [8, 11, 12].

A medicinal plant or herbal preparation with
high radioactive content compounded by its probable
long-term usage can result in serious health effects
such as chronic lung cancer and leukaemia [13-15].
Hence, the need to understand the distributions of nat-
ural radionuclides in the plants and their products to
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accurately assess the radiological health implications
to consumers.

The considerable growth in traded plant material
on traditional markets in various parts of South Africa
and the sustained demand in their crude, unprocessed
forms, including the potentiality that new remedies will
be developed and commercialized in the future [15], has
also increased interest in the radionuclides content.

Therefore, activity concentrations of naturally
occurring radionuclides (**3U, 232Th, and “°K), in
samples of medicinal plant materials within South Af-
rica, were determined to evaluate the annual effective
doses due to ingestion.

MATERIALS AND METHODS
Purchase and preparation of plant material

Medicinal plant materials, supplied within the
KwaZulu-Natal province (South Africa) precinct and
identified by a trader practising his trade at informal
muthi markets in the Midlands region of the area, were
collected for this study. The trader provides the names
and samples of parts used to manage specific health
conditions, tab. 1. These plants were recommended to
patients who requested treatment following diagnosis
by Western healthcare practitioners, or based on per-
sonal knowledge and experience from patients' com-
plaints.
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Table 1. The local names, plant parts investigated, and the traditional use

Sample code Traditional name Species Parts examined Medicinal uses
MGA1 Relieve stomach discomfort
MGA2 Umganu Sclerocarya birrea Stem bark Treatment of treats dysentery, diarrhoea,
MGA3 and rheumatism
SIG 4 Helpful i i h: h
SIG 5 Isiqunga Cymbopogon citratus Whole plant elpful in treating coughs, cuts, asthma,
disorders, and flu
SIG 6
ISL7 Treatment of scabies, d h
. o reatment of scabies, dysmenorrhea,
ISI 8 Isikhundla Neorautanenia ficifolia Root and as an anticonvulsant
ISI9
MVO 10 For infertili logical, and obstetri
MVO 11 Umvongothi Kigelia africana Stem bark or infertility, gyne(ziqtpglca » and obstetric
MYVO 12 conditions

Impurities, including soil particles, were removed
from the plant materials, and dried for several days at
room temperature until there was no detectable change
in mass. The dried samples were finely grounded, ho-
mogenized, weighed, and sealed in Marinelli beakers
for about 40 days to allow radioactive equilibrium be-
fore gamma spectroscopy. Three replicates were pre-
pared for representative sub-sampling and better deter-
mination of the medicinal plant's activity concentration
with radiological health hazards.

Determination of radionuclides content

Activity concentration of radionuclides in the
plants was determined from measurements by a broad
energy high purity germanium (Canberra HPGE) de-
tector, placed inside a lead shield to minimize the ef-
fects of background radiation. The gamma-ray detec-
tor, with 25 % relative efficiency, consisted of a
DSA-1000 digital signal processing system interfaced
with a multi-channel analyser with Genie2000 soft-
ware for spectral analysis.

To facilitate accurate quantitative measure-
ments, the system's energy-channels relationship and
efficiency calibration was performed prior to sample
analysis using IAEA certified reference standards.

The standard reference, with the same geometry
as the investigated samples, were counted for 28 800
seconds, after which the net area under the corre-
sponding daughter photopeak in the energy spectrum,
corrected for background spectra, was used to com-
pute the sample radionuclide activities [16, 17].

The activity concentrations were based on the
gamma peaks of 23#Pa (1000 keV), >'4Pb (351.7 keV), and
219Bi (1764.5 keV) for 28U, 28Ac (911.2 keV), and 2%TI
(538.19 keV) for 22Th. The activity value of “°K was de-
termined directly from the single peak of 1460.5 keV.

RESULTS AND DISCUSSION

Activity concentrations of
28y, 233, and YK

The measured activity concentrations 4 of primor-
dial radionuclides 238U, 2*>Th, and “’K from the plant's

samples are presented in tab. 2. The mean concentrations
of the radionuclides in this study are considered repre-
sentative as the standard deviation is relatively small in
each sample analysed. According to the results, the con-
centrations varied widely in all plant samples, largely on
the order 3>Th < 238U < %K, except for the Kigelia
africana with higher 2>Th concentrations than 238U, The
highest concentration of “K was found in
Neorautanenia ficifolia with 773.3 Bgkg™ and the low-
est 180 Bakg™! in Sclerocarya birrea. The higher values
observed for the potassium isotope (*°K) compared to
other radionuclides (**®U and ?3Th) agrees with previ-
ous studies [13, 18, 19] and could be attributed to its
ubiquitous nature with significant plants absorption and
accumulation in the studied parts [13, 20].

Table 3 compares the activity concentration of
the three radionuclides with values obtained by other
investigators for medicinal plants from other coun-
tries. The range of values was comparable to the pres-
ent study, except for studies from Bangladesh [ 19], Ni-
geria [22], and Serbia [23], with lower values for 23U
and 232Th, respectively. Notably, from all the studies,
the values reported for “°K (67-70 Bgkg™) in Nigeria
were considerably lower, possibly due to the charac-
teristics of the study region being an oil and gas pro-
duction field [24].

Annual effective dose from ingestion

The annual effective ingestion dose (4E£D) to the
population due to radioactivity in the medicinal plants

Table 2. The activity concentrations of 238y, BITh, and
“K [Bqkg™] in each plant part sample

A [Bgkg ']
B | 227 | WK
Range | 31-56 | 24-42 |130-230
Mean | 43.3 | 33.7 180
Range |54-119]46-108|140-480
Mean 85.0 | 753 | 316.7
Range | 44-51 | 34-42 |730-830
Mean | 47.3 | 37.0 | 7733
Range |24-29 | 25-33 |480-570
Mean | 25.7 | 30.0 | 510

Medicinal plants ~ |Parameters|

Sclerocarya birrea

Cymbopogon citratus

Neorautanenia ficifolia

Kigelia africana
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Table 3. Comparison of ***U, %**Th, and *’K values in the medicinal plants and AED with some selected studies

—1
Country (Plant studied) 238 4 [Effkg ! m AED [Bgkg '] References
U Th K
(Sc1se(r)33; r/;ftlfi?rea) 31-56 24-42 130-230 Present study
(Cymbopogon citratus) 54-119 46-108 140-480
0.013-0.032
(Neorautanenia ficifolia) 44-51 34-42 730-830
(Kigelia africana) 24-29 25-33 480-570
Ghana 20-47 42-71 566-1093 0.009-0.014 [12]
India 15-84 15-74 145-354 0.015-0.077 [17]
Bangladesh 4.12-28.2 3.02-17.6 363 -1097 0.006-0.018 [18]
Egypt <0.1-20.7 <0.71-29.3 172-1181 0.002-0.509 [21]
Nigeria 14.7-16.2 7.0-11.4 67-70 - [22]
Serbia 0.6-8.2 1.7-15.1 126-1243 - [23]
was computed from the mean activity concentrations Neorautanenia ficiolia
A; [Bgkg™'] of the radionuclides by applying a dose S A
conversion factor DC; (mSvBq') of 2.8-1074
2.3-107%, and 6.2-10°° mSvBq™! for 238U, 23?Th, and ;
40K, respectively. The following expression was used '
for the calculation [25] ot N Mgk
AED (mSv) = ©
-

=(A4y DCyy + Ay, DCoyy + Ay DCy U

where, U is the annual consumption rate of traditional
medicine 0.75 (kg per year) in South Africa [15].

The AED varied from 0.013 mSv to 0.032 mSyv,
tab. 3, with an annual dose distribution of 0.013 mSv
(Kigelia africana), 0.016 mSv (Sclerocarya birrea),
0.020 mSv (Neorautanenia ficifolia), and 0.032 mSv
(Cymbopogon citratus). Figure 1 represents the AED
by percentage due to the intake of the medicinal plants.
Comparing these values with the world annual aver-
age dose (0.29 mSv) for ingestion of natural
radionuclides in medicinal plants set by UNSCEAR
[26] and those from other countries, tab. 3, it is ob-
served that the values obtained are far lower than that
given in the UNSCEAR report and within levels re-
ported for most countries. This result indicates no sig-
nificant radiological health effect to the public, never-
theless, sustained intake or the use of plants from areas
with higher natural background radiation than exam-
ined can increase the internal exposure levels above
the acceptable limit-consequently, the possibility of
inducing damage.

CONCLUSION

The concentrations of natural radionuclides
238(J, 232Th, and “K in some South African medicinal
plants with the effective ingestion dose were evaluated
to assess the radiation hazards for the people. The pre-
sented results suggest no health implications and a
useful pedestal for monitoring and developing guide-
lines for managing natural radionuclides in medicinal
plants and controlling public exposure.

Scierocarya birrea
19.5%

Figure 1. Average effective ingestion dose values for
consumers in investigated plant samples
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bavuce AJIEJIEJE, Haen YETU

KOHIEHTPAIIMJE AKTUBHOCTH 238U, 232Th U “K PATUOHYKIUIA
Y JYXKHOA®PUYKOM JEKOBUTOM BWHY M IbUXOBE
E®EKTUBHE JO3E YCJIEJ MHTECTUJE

Mepema konuenTpanuja akturoctr 238U, 22Th u “°K y HekuM e10BMMa JIEKOBATOT G1iba KOje
ce Hajuenrhie KOPUCTH BPIIEHA CY PaJ| POIIEHE OMACHOCTH Off 3pav€ekba M KA0 OCHOBHHU NMOJaly 3a mpahermbe
3[[paBCTBEHOT pu3KuKa y Jy>kHO] Adpull 1 APYTUM 3eM/baMa. Y TBPHEHO je 1a ¢y cpefilbe aKTHBHOCTH 228U,
22Thu*K: y Sclerocarya birrea 43.3,33.7 m 180 Bgkg™', y Cymbopogon citratus 85.0,75.3 u 316.7 Bqkg™', y
Neorautanenia ficifolia 47.3,37.0 u 773.3 Bqkg™ n y Kigelia africana 25.7,30.0 u 510 Bqkg™', pecnexTusHo.
IIponemena ropunima eeKTUBHA [j03a ycien uarectuje kperana ce on 0.013 mSv (Kigelia africana) no
0.032 mSv (Cymbopogon citratus), ITO je caCBUM y TpaHHUI[aMa MPENOPYYSHUM 3a CTAHOBHUINTBO. lako
BPEHOCTH HUCY OTKPHJIE HUKAKBE OMACHOCTH Ca PAJMOJIOIIKE TAUKE IVIEUIITA, OHE MPEICTABIba]y BPEHY
6a3y nmojaTtaka 3a peryJaTopHe (GyHKIHje.

Kmwyune peuu: egpexitiuerna 003a, nexosuitia Oumka, ouacHoCi 00 3paversa, Jyirna Agpura




