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Mea sure ments of 238U, 232Th, and 40K ac tiv ity con cen tra tions in some com monly used me -
dic i nal plant parts have been per formed for ra di a tion haz ard as sess ment and as base line data
for health risk mon i tor ing in South Af rica and other coun tries. The mean ac tiv ity of 238U,
232Th, and 40K was found to be 43.3 Bqkg–1, 33.7 Bqkg–1, and 180 Bqkg–1 in Sclerocarya
birrea; 85.0 Bqkg–1, 75.3 Bqkg–1, and 316.7 Bqkg–1 in Cymbopogon citratus; 47.3 Bqkg–1,
37.0 Bqkg–1,  and  773.3  Bqkg–1 in Neorautanenia ficifolia; 25.7 Bqkg–1, 30.0 Bqkg–1, and
510 Bqkg–1 in Kigelia africana, re spec tively. The es ti mated an nual ef fec tive dose due to in ges -
tion ranged from 0.013 mSv (Kigelia africana) to 0.032 mSv (Cymbopogon citratus), well within 
rec om mended lim its for the mem bers of the pub lic. Al though the val ues re vealed no haz ards
from a ra dio log i cal point of view, it rep re sents a valu able da ta base for reg u la tory func tions.
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IN TRO DUC TION

Me dic i nal plants are cul tur ally and eco nom i -
cally valu able re sources for a large pro por tion of
South Af rica's pop u la tion [1, 2]. They formed the ba -
sis of many mod ern drugs, nutraceuticals, and food
sup ple ments [3, 4]. Ad di tion ally, they are an abun dant
source of sec ond ary me tab o lites (bioactive con stit u -
ents) cru cial to im prov ing hu man health [1, 5]. No ta -
bly, over 50 % of drugs ap proved glob ally in the last 30 
years are from nat u ral prod ucts, with plants as the
dom i nant source [6].

The ther a peu tic prop er ties of the plants are
partly due to ac tive con stit u ents formed by the in or -
ganic min eral el e ment com po si tion in the plants [7].
These in or ganic el e ments, in clud ing the un sta ble ones
(radionuclides), ac cu mu late in var i ous parts of the
plant's tis sue through soil-wa ter by root up take and the 
ae rial parts by di rect de po si tion [8-10]. The
radionuclides ul ti mately find their way into the hu man
body through in ges tion, rep re sent ing an in ter nal
source of ra di a tion ex po sure [8, 11, 12].

A me dic i nal plant or herbal prep a ra tion with
high ra dio ac tive con tent com pounded by its prob a ble
long-term us age can re sult in se ri ous health ef fects
such as chronic lung can cer and leu kae mia [13-15].
Hence, the need to un der stand the dis tri bu tions of nat -
u ral radionuclides in the plants and their prod ucts to

ac cu rately as sess the ra dio log i cal health im pli ca tions
to con sum ers.

The con sid er able growth in traded plant ma te rial
on tra di tional mar kets in var i ous parts of South Af rica
and the sus tained de mand in their crude, un pro cessed
forms, in clud ing the po ten ti al ity that new rem e dies will
be de vel oped and com mer cial ized in the fu ture [15], has
also in creased in ter est in the radionuclides con tent.

There fore, ac tiv ity con cen tra tions of nat u rally
oc cur ring radionuclides (238U, 232Th, and 40K), in
sam ples of me dic i nal plant ma te ri als within South Af -
rica, were de ter mined to eval u ate the an nual ef fec tive
doses due to in ges tion.

MA TE RI ALS AND METH ODS

Pur chase and prep a ra tion of plant ma te rial

Me dic i nal plant ma te ri als, sup plied within the
KwaZulu-Na tal prov ince (South Af rica) pre cinct and
iden ti fied by a trader prac tis ing his trade at in for mal
muthi mar kets in the Mid lands re gion of the area, were
col lected for this study. The trader pro vides the names
and sam ples of parts used to man age spe cific health
con di tions, tab. 1. These plants were rec om mended to
pa tients who re quested treat ment fol low ing di ag no sis
by West ern healthcare prac ti tio ners, or based on per -
sonal knowl edge and ex pe ri ence from pa tients' com -
plaints.
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Im pu ri ties, in clud ing soil par ti cles, were re moved 
from the plant ma te ri als, and dried for sev eral days at
room tem per a ture un til there was no de tect able change
in mass. The dried sam ples were finely grounded, ho -
mog e nized, weighed, and sealed in Marinelli beak ers
for about 40 days to al low ra dio ac tive equi lib rium be -
fore gamma spec tros copy. Three rep li cates were pre -
pared for rep re sen ta tive sub-sam pling and better de ter -
mi na tion of the me dic i nal plant's ac tiv ity con cen tra tion
with ra dio log i cal health haz ards.

De ter mi na tion of radionuclides con tent

Ac tiv ity con cen tra tion of radionuclides in the
plants was de ter mined from mea sure ments by a broad
en ergy high pu rity ger ma nium (Can berra HPGE) de -
tec tor, placed in side a lead shield to min i mize the ef -
fects of back ground ra di a tion. The gamma-ray de tec -
tor, with 25 % rel a tive ef fi ciency, con sisted of a
DSA-1000 dig i tal sig nal pro cess ing sys tem in ter faced
with a multi-chan nel analyser with Genie2000 soft -
ware for spec tral anal y sis.

To fa cil i tate ac cu rate quan ti ta tive mea sure -
ments, the sys tem's en ergy-chan nels re la tion ship and
ef fi ciency cal i bra tion was per formed prior to sam ple
anal y sis us ing IAEA cer ti fied ref er ence stan dards.

The stan dard ref er ence, with the same ge om e try
as the in ves ti gated sam ples, were counted for 28 800
sec onds, af ter which the net area un der the cor re -
spond ing daugh ter photopeak in the en ergy spec trum,
cor rected for back ground spec tra, was used to com -
pute the sam ple radionuclide ac tiv i ties [16, 17].

The ac tiv ity con cen tra tions were based on the
gamma peaks of 234Pa (1000 keV), 214Pb (351.7 keV), and
214Bi (1764.5 keV) for 238U, 228Ac (911.2 keV), and 208Tl
(538.19 keV) for 232Th. The ac tiv ity value of 40K was de -
ter mined di rectly from the sin gle peak of 1460.5 keV.

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tions of
238U, 232Th, and 40K

The mea sured ac tiv ity con cen tra tions A of pri mor -
dial radionuclides 238U, 232Th, and 40K from the plant's

sam ples are pre sented in tab. 2. The mean con cen tra tions
of the radionuclides in this study are con sid ered rep re -
sen ta tive as the stan dard de vi a tion is rel a tively small in
each sam ple ana lysed. Ac cord ing to the re sults, the con -
cen tra tions var ied widely in all plant sam ples, largely on
the or der 232Th < 238U < 40K, ex cept for the Kigelia
africana with higher 232Th con cen tra tions than 238U. The 
high est con cen tra tion of 40K was found in
Neorautanenia ficifolia with 773.3 Bqkg–1 and the low -
est 180 Bqkg–1 in Sclerocarya birrea. The higher val ues
ob served for the po tas sium iso tope (40K) com pared to
other radionuclides (238U and 232Th) agrees with pre vi -
ous stud ies [13, 18, 19] and could be at trib uted to its
ubiq ui tous na ture with sig nif i cant plants ab sorp tion and
ac cu mu la tion in the stud ied parts [13, 20]. 

Ta ble 3 com pares the ac tiv ity con cen tra tion of
the three radionuclides with val ues ob tained by other
in ves ti ga tors for me dic i nal plants from other coun -
tries. The range of val ues was com pa ra ble to the pres -
ent study, ex cept for stud ies from Ban gla desh [19], Ni -
ge ria [22], and Ser bia [23], with lower val ues for 238U
and 232Th, re spec tively. No ta bly, from all the stud ies,
the val ues re ported for 40K (67-70 Bqkg–1) in Ni ge ria
were con sid er ably lower, pos si bly due to the char ac -
ter is tics of the study re gion be ing an oil and gas pro -
duc tion field [24].

An nual ef fec tive dose from in ges tion

The an nual ef fec tive in ges tion dose (AED) to the 
pop u la tion due to ra dio ac tiv ity in the me dic i nal plants
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Ta ble 1. The lo cal names, plant parts in ves ti gated, and the tra di tional use

Sam ple code Tra di tional name Spe cies Parts ex am ined Me dic i nal uses

MGA1
MGA2
MGA3

Umganu Sclerocarya birrea Stem bark
Re lieve stom ach dis com fort

Treat ment of treats dys en tery, di ar rhoea,
and rheu ma tism

SIG 4
SIG 5
SIG 6

Isiqunga Cymbopogon citratus Whole plant Help ful in treat ing coughs, cuts, asthma,
dis or ders, and flu

ISI 7
ISI 8
ISI 9

Isikhundla Neorautanenia ficifolia Root Treat ment of sca bies, dysmenorrhea,
and as an anticonvulsant

MVO 10
MVO 11
MVO 12

Umvongothi Kigelia africana Stem bark For in fer til ity, gynecological, and ob stet ric
con di tions

Ta ble 2. The ac tiv ity con cen tra tions of 238U, 232Th, and
40K [Bqkg–1] in each plant part sam ple

Me dic i nal plants Pa ram e ters
A [Bqkg–1]

238U 232Th 40K

Sclerocarya birrea
Range 31-56 24-42 130-230

Mean 43.3 33.7 180

Cymbopogon citratus
Range 54-119 46-108 140-480

Mean 85.0 75.3 316.7

Neorautanenia ficifolia
Range 44-51 34-42 730-830

Mean 47.3 37.0 773.3

Kigelia africana
Range 24-29 25-33 480-570

Mean 25.7 30.0 510



was com puted from the mean ac tiv ity con cen tra tions
Ai [Bqkg–1] of the radionuclides by ap ply ing a dose
con ver sion fac tor DCi (mSvBq–1) of 2.8×10–4,
2.3×10–4, and 6.2×10–6 mSvBq–1 for 238U, 232Th, and
40K, re spec tively. The fol low ing ex pres sion was used
for the cal cu la tion [25]

AED

A DC A DC A DC U

( )

( )

mSv

Th Th K K

=

= + +U U

where, U is the an nual con sump tion rate of tra di tional
med i cine 0.75 (kg per year) in South Af rica [15]. 

The AED var ied from 0.013 mSv to 0.032 mSv,
tab. 3, with an an nual dose dis tri bu tion of 0.013 mSv
(Kigelia africana), 0.016 mSv (Sclerocarya birrea),
0.020 mSv (Neorautanenia ficifolia), and 0.032 mSv
(Cymbopogon citratus). Fig ure 1 rep re sents the AED
by per cent age due to the in take of the me dic i nal plants. 
Com par ing these val ues with the world an nual av er -
age dose (0.29 mSv) for in ges tion of nat u ral
radionuclides in me dic i nal plants set by UNSCEAR
[26] and those from other coun tries, tab. 3, it is ob -
served that the val ues ob tained are far lower than that
given in the UNSCEAR re port and within lev els re -
ported for most coun tries. This re sult in di cates no sig -
nif i cant ra dio log i cal health ef fect to the pub lic, nev er -
the less, sus tained in take or the use of plants from ar eas
with higher nat u ral back ground ra di a tion than ex am -
ined can in crease the in ter nal ex po sure lev els above
the ac cept able limit-con se quently, the pos si bil ity of
in duc ing dam age.

CON CLU SION

The con cen tra tions of nat u ral radionuclides
238U, 232Th, and 40K in some South Af ri can me dic i nal
plants with the ef fec tive in ges tion dose were eval u ated 
to as sess the ra di a tion haz ards for the peo ple. The pre -
sented re sults sug gest no health im pli ca tions and a
use ful ped es tal for mon i tor ing and de vel op ing guide -
lines for man ag ing nat u ral radionuclides in me dic i nal
plants and con trol ling pub lic ex po sure.
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Bamise ADELEJE, Naven ^ETI

KONCENTRACIJE  AKTIVNOSTI  238U,  232Th  I  40K  RADIONUKLIDA
U  JU@NOAFRI^KOM  LEKOVITOM  BIQU  I  WIHOVE

EFEKTIVNE  DOZE  USLED  INGESTIJE

Merewa koncentracija aktivnosti 238U, 232Th i 40K u nekim delovima lekovitog biqa koje
se naj~e{}e koristi vr{ena su radi procene opasnosti od zra~ewa i kao osnovni podaci za pra}ewe
zdravstvenog rizika u Ju`noj Africi i drugim zemqama. Utvr|eno je da su sredwe aktivnosti 238U,
232Th i 40K: u  Sclerocarya birrea 43.3, 33.7 i 180 Bqkg–1, u Cymbopogon citratus 85.0, 75.3 i 316.7 Bqkg–1, u
Neorautanenia ficifolia 47.3, 37.0 i 773.3 Bqkg–1 i u Kigelia africana 25.7, 30.0 i 510 Bqkg–1, respektivno.
Procewena godi{wa efektivna doza usled ingestije kretala se od 0.013 mSv (Kigelia africana) do
0.032 mSv (Cymbopogon citratus), {to je sasvim u granicama preporu~enim za stanovni{tvo. Iako
vrednosti nisu otkrile nikakve opasnosti sa radiolo{ke ta~ke gledi{ta, one predstavqaju vrednu 
bazu podataka za regulatorne funkcije.

Kqu~ne re~i: efektivna doza, lekovita biqka, opasnost od zra~ewa, Ju`na Afrika


