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etermination of potentially toxic heavy metals in traditionally used medicinal
lants for HIV/AIDS opportunistic infections in Ngamiland District in Northern
otswana

arriet Okatch ∗, Barbara Ngwenya, Keleabetswe M. Raletamo , Kerstin Andrae-Marobela 

a b s t r a c t

The determination of four potentially toxic heavy metals, arsenic, chromium, lead and nickel in twelve
plant species used for the treatment of perceived HIV and AIDS-associated opportunistic infections
by traditional healers in Ngamiland District in Northern Botswana, a metal mining area, was car-
ried out using atomic absorption spectrometry. The medicinal plants; Dichrostachys cinerea, Maerua
angolensis, Mimusops zeyheri, Albizia anthelmintica, Plumbago zeylanica, Combretum imberbe, Indigofera
flavicans, Clerodendrum ternatum, Solanum panduriforme, Capparis tomentosa, Terminalia sericea and
Maytenus senegalensis contained heavy metals in varying quantities: arsenic 0.19–0.54 �g g−1, chromium
0.15–1.27 �g g−1, lead 0.12–0.23 �g g−1 and nickel 0.09–0.21 �g g−1 of dry weight. Chromium was found
to be the most abundant followed by arsenic and lead. Nickel was undetectable in nine plant species. M.

senegalensis contained the largest amounts of arsenic, chromium and lead. All metals determined were
below the WHO permissive maximum levels. The possible maximum weekly intakes of the heavy met-
als following treatment regimes were insignificant compared to the provisional tolerable weekly intake
levels recommended by WHO and the Joint FAO/WHO Expert Committee on Food Additives. This sug-
gests that heavy metal exposure to patients originating from consumption of traditional medicinal plant
preparations is within non health-compromising limits.
. Introduction

Industrialization of the last few hundred years has led to
dvances in medical sciences and to a better understanding of
he causes of infectious diseases as well as those diseases that
esult from metabolic disorders. Modern drugs manufactured by
he multi-national pharmaceutical companies do not in many cases

ater for the needs of the majority of poor people that reside in
he low and middle income countries of the world [1]. Such drugs
re neither readily available nor affordable by the poor. Traditional

Abbreviations: AAS, atomic absorption spectrometry; AIDS, acquired immune
eficiency syndrome; ARV, antiretroviral; FAO, food and agriculture organisation;
IV, human immunodeficiency virus; ICP-MS, inductively coupled plasma mass

pectrometry; ICP-OES, inductively coupled plasma optical emission spectrometry;
OCG, iron oxide copper gold ore deposit; JECFA, joint FAO/WHO expert committee
n food additives; PTWI, provisional tolerable weekly intake; WHO, world health
rganisation.
health care systems and cures based on the use of medicinal plants
not only remain a routine treatment because they are the mostly
available and are affordable alternatives for many countries but
also because their use is ingrained in the culture of the users. The
World Health Organisation (WHO) reports that about 80% of the low
income countries still consult traditional health care practitioners
[2].

Although the benefits derived from traditional medicines are
well established [3,4], there are also reported cases of poisoning
and toxicity manifestations associated with their use [3–6]. These
untoward effects may be due to poisonous constituents, such as
alkaloids [7], microbes and their metabolites [8], cardiac glycosides
[9], pesticides [10] and metals [5,11].

Health research involving epidemiology and toxicology studies
continue to implicate metals as a possible cause of adverse human
health effects [5,11] based on the fact that they are actively involved

in many biological processes [12]. Metals are non-biodegradable
and are cumulative in nature rendering them as persistent pollu-
tants. Several researchers have documented cases in which metal
content in plants is related to toxicity. Asian traditional medicines
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trometer from Varian (Varian SpectrAA 220FS, Australia). Metal
hollow-cathode lamps (Photrons, USA) specific for each of the
ave been reported to contain high levels of heavy metals such
s arsenic, lead and mercury [13,14]. It is worthy to note that the
resence of these metals is not always natural. In some Indian
edical systems such as Ayurveda and Unani, additions of heavy
etals have been an intentional make-up of the remedies [5]. Lead

n traditional remedies was determined in 100 products used as
phrodisiacs [15]. Besides Asian medicines, heavy metals have also
een detected in herbal remedies in South America [16,17] and
frica [14,18–20]. In South Africa, a case was reported where a
-month old baby orally ingested a traditional remedy with high

evels of manganese and chromium [21]. Though there is a grow-
ng interest in heavy metal analysis of medicinal plants and a clear
eed to monitor its status to avoid health hazards, data remain very
carce.

Studies aiming to determine metals qualitatively and quanti-
atively in traditional plant remedies are significant to Botswana
or several reasons. Firstly, a majority of the population is actively
onsuming traditional plant medicines for the treatment of several
ilments [22]. Secondly, Botswana is a highly mineralized coun-
ry, whose economy is apart from diamonds dependent on the
xportation of copper and nickel. Particularly the North-Western
art of Botswana has rich mineral deposits and mining explo-
ation and activities are ongoing with high intensity. Several studies
ave indicated that the waters and/or sediments in the Okavango
elta do contain several metals including arsenic [23], lead and

ron [24], manganese, zinc, copper and nickel [25], sodium, potas-
ium, calcium, magnesium, zinc, copper, manganese, cobalt, iron,
hromium, nickel and lead [26]. Thirdly, the profound influence of
ining activities on the bioaccumulation of heavy metals in plants

as been demonstrated in studies on several plants in Botswana,
uch as Blepharis aspera, Indigofera melanadenia and Tephrosia
ongipes which have been identified as accumulators and hyper-
ccumulators of metals [27–30]. Helicrysum leptolepis in Ghantsi,
otswana and Echolium lugarde were found to indicate the pres-
nce of high amounts of copper [31] which might possibly be the
onsequence of the Kalahari Copper Belt stretching from Ghantsi
o North-Western Botswana. Such studies have also recently been
onducted in India [32] illustrating the importance. Though Sawula
25] detected heavy metals (manganese, zinc, copper and nickel)
round the Okavango Delta in Northern Botswana which is a major
ite of considerable plant biodiversity in the country, and Masamba
nd Mazvimavi [24] reported elevated lead and iron concentrations
n water outlets of the Okavango, there are no data on the heavy

etal status of medicinal plants in that area.
Fourthly, Botswana is one of the countries in Southern-Africa

hich is hardest hit by the HIV/AIDS pandemic. All HIV-infected
atients in the country who have CD 4 counts less than 250 or have
n AIDS-defining illness are eligible for free antiretroviral (ARV)
herapy. Nevertheless, like in neighbouring South-Africa and most
ountries in Africa, many HIV/AIDS patients in Botswana regularly
onsult traditional healers and are likely to consume medicinal
lant preparations [33–35]. It is important therefore to assess
hether metals potentially present in traditional medicinal plant

emedies would interact with the active ingredients in the ARVs.
revious research has shown that the uptake of drugs, especially
f antibacterial drugs, is significantly reduced in the presence of
etals ions [36,37].
Lastly, there is currently no national policy to guide the regula-

ion and monitoring of the quality, safety and efficacy of the use of
raditional medicines.

In this study, we report the status of potentially toxic heavy met-
ls, arsenic, lead, nickel and chromium in twelve medicinal plant
pecies frequently used by traditional healers to treat opportunis-
ic infections potentially associated with HIV/AIDS in Ngamiland

istrict in North-Western Botswana as determined by atomic
bsorption spectroscopy after acid digestion.
43

2. Materials and methods

2.1. The study site and medicinal plant collection

Medicinal plant specimens were collected from Ngamiland Dis-
trict in North-Western Botswana, the third largest district in the
country (Fig. 1). Its district capital is Maun with about 43,776 inhab-
itants. The centre piece of Ngamiland District is the Okavango Delta,
the largest inland wetland in the world with considerable biodi-
versity. Most of the estimated 3000 plant species in Botswana are
localized here. Over 95% of people in the Okavango Delta, directly
or indirectly depend on natural resources found in the wetland to
sustain their livelihoods and many traditional healers are based
here. At the same time, Ngamiland District is an area of inten-
sive mineral exploration and mining activities. The mineralization
model of Ngamiland is highly likely associated with an iron oxide
copper gold (IOCG) ore deposit, also referred to as the Ngamiland
IOCG. IOCG type deposits encompass a wide spectrum of ore bod-
ies, often polymetallic and of significant size, which may notably
produce iron, copper, gold, silver, uranium, manganese, nickel, plat-
inum group elements, cobalt and rare earth elements, all of which
have been identified in the Ngamiland IOCG [38]. Respective medic-
inal plant samples were collected from three different sites near
the village of Makalamabedi (344 residents), situated 56 km south
of Maun (Fig. 1) and in an area where many mining prospect-
ing licences have been granted [39]. Plant samples were dried
and kept at room temperature until analyzed. All plant specimens
were processed according to good botanical practice procedures
and were taxonomically authenticated by Mbaki Muzila (Curator of
the University of Botswana Herbarium) and kept as voucher spec-
imen in the University of Botswana Herbarium with codes such as
KM-Mn08-101.

Medicinal plant uses were established through administering a
semi-structured questionnaire to traditional healers asking about
traditional treatment regimes in relation to potential HIV/AIDS
associated opportunistic infections, whose symptoms form part
of the diagnostic criteria for HIV/AIDS [40] and after obtaining
informed consent from traditional healers.

2.2. Sample preparation

Respective dried plant parts were coarsely ground using a pestle
and mortar and passed through a 1000 �m2 metal sieve. 1 g of pow-
dered sample was dissolved by acid digestion in a 8 mL-mixture of
concentrated HCl and concentrated HNO3 in a 3:1 ratio. The sample
was digested for 3 h and the remaining contents were dissolved in
ultra high purity (UHP) water, filtered by gravity and diluted to a
final volume of 100 mL.

2.3. Reagents and chemicals

In this study, UHP water (18 m�) from a Millipore Water System
(Bedford, MA, USA) was used. CP grade hydrochloric acid (HCl) and
AR grade nitric acid (HNO3) were obtained from Rochelle (Johan-
nesburg, South Africa). Metal working standard solutions were
prepared by diluting 1000 ppm stock solutions purchased from
Rochelle (Johannesburg, South Africa).

2.4. Instrumentation and standards

The atomic absorption spectroscopy (AAS) measurements were
performed using an air-acetylene flame atomic absorption spec-
determined metals were employed as radiation/sources. Working
standards of different concentrations as per the instructions of the
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Fig. 1. The map of the study site, the Okavang

ollow-cathode lamps were prepared to detect each metal concen-
ration. A five-point calibration curve was automatically generated
y the instrument. Calibration curves with good linearity, r2 > 0.964,
ere obtained except for arsenic r2 = 0.932. Analysis of each of the

ample solutions was done in triplicate and the results expressed
s mean ± standard deviation (SD).

. Results and discussion

.1. Medicinal plants uses in relation to potential
IV/AIDS-related opportunistic infections

Twelve medicinal plants, Dichrostachys cinerea (L.) Wight
Arn., Maerua angolensis DC, Mimusops zeyheri Sond., Albizia

nthelmintica Brongn., Plumbago zeylanica L., Combretum imberbe
awra, Indigofera flavicans Baker, Clerodendrum ternatum Schinz,

olanum panduriforme E. Mey, Capparis tomentosa Lam., Ter-
inalia sericea Burch. ex DC. and Maytenus senegalensis Lam.

xell, were named by traditional healers as useful in the treat-
ent/management of potential HIV/AIDS-related opportunistic

nfections with symptoms, such as persistent cough, tuberculosis,

requent fevers, diarrhoea, skin rashes and sores, thrush, womb
roblems and sexually transmitted infections (Table 1). Roots were
he most prominent plant part used. The concentrations of arsenic,
hromium, lead and nickel were determined in each of the plants
a, showing Makalamabedi, the sampling site.

using acid digestion for sample preparation followed by atomic
absorption spectroscopy.

3.2. Levels of arsenic and chromium in medicinal plants

Arsenic and chromium concentrations were determined in
each of the twelve medicinal plant samples using atomic absorp-
tion spectroscopy. The results in Table 2 show that arsenic and
chromium were present in all plant samples. Arsenic concentra-
tions ranged from 0.19 to 0.54 �g g−1 and the limit of detection
was 0.1551 �g g−1. The lowest arsenic level was determined in M.
angolensis DC (Moretete/Moreketi) and the highest in M. senegalen-
sis Lam. Exell (Mothono). Previous studies have shown that plants
in different regions of the world contain arsenic levels of simi-
lar order of magnitude. For example, the characterization of two
medicinal plants in South America revealed plants to contain 0.58
and 0.96 �g g−1of arsenic [41], Bulgarian herbal tea plant material
was determined to contain 0.01–0.22 �g g−1of arsenic [42] using
microwave digestion and inductively coupled plasma mass spec-
trometry (ICP-MS). Other studies utilizing hydride generation with
atomic fluorescence spectrometry have shown higher arsenic con-

centrations of 6.38 �g g−1 and 2.40 �g g−1 [43] and 20.6 �g L−1 and
35.5 �g L−1 [44] in Chinese herbal medicines. In all medicinal plant
samples, the concentration of arsenic did not exceed 1 mg kg−1

which is the recommended limit for medicinal plants [45].
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Table 1
Traditional medicinal plants investigated for heavy metal status and their uses.

Scientific name/family/voucher Local name Plant part Traditional use

Dichrostachys cinerea (L.) Wight & Arn./Fabaceae/KM-Mn08-101 Moselesele Roots, branches, leaves Skin rashes, uterus problems, STIsa

Maerua angolensis DC/Capparaceae/KM-Mn08-34 Moretete/Moreketi Roots Skin rashes, sores, womb cleansing, STIs
Mimusops zeyheri Sond./Sapotaceae/KM-Mn08-102 Mmupudu Roots Tuberculosis, weight loss, womb problems, STIs
Albizia anthelminthica Brongn./Fabaceae/KM-Mn (Ser) 08–103 Monoga Roots Tuberculosis, persistent cough, STIs
Plumbago zeylanica L./Plumbaginaceae/KM-Mn08-54 Masigomabe Roots Skin sores/rash, HIV/AIDS related

symptoms/thrush, frequent fevers, persistent
cough, STIs

Combretum imberbe Wawra/Combretaceae/KM-Mn08-4 Motswiri Leaves Persistent cough, tuberculosis, diarrhoea,
weight loss, skin rashes, womb problems

Indigofera flavicans Baker/Fabaceae/KM-Mn08-25 Tshikadithata Roots Diarrhoea, HIV/AIDS related symptoms
Clerodendrum ternatum Schinz/Lameaceae/KM-Mn11/104 Legonyana Roots Frequent fevers, skin rashes, HIV/AIDS-related

symptoms such as thrush, STIs, womb problems
Solanum panduriforme E.Mey/Solanaceae/KM-Mn08-105 Thulathulane Roots Persistent cough, womb problems
Capparis tomentosa, Lam./Capparaceae/KM-Mn08-106 Motawana Roots Skin rashes
Terminalia sericea Burch.ex DC./Combretaceae/KM-Mn08-107 Mogonono Roots Diarrhoea, skin rashes, tuberculosis
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Maytenus senegalensis, Lam. Exell/Celastraceae/KM-Mn08-60 Mothono

a Sexually transmitted infection.

Chromium concentrations ranged from 0.15 �g g−1 to
.27 �g g−1 with a detection limit of 0.0801 �g g−1. D. cinerea
L.) Wight & Arn. (Moselesele) contained the lowest concentration
hilst M. senegalensis Lam. Exell (Mothono) contained the largest

oncentration of chromium. A study by Gjorgiova et al. [46] of
oxic and essential metals in medicinal plants showed chromium
evels in the range of 0.57–1.88 �g g−1. These values were in
greement with the determined values in the present study. A
tudy by Canterelli et al. [41] employed the use of inductively
oupled plasma optical emission spectrometry (ICP-OES), for the
etermination of chromium in two medicinal plants. The study
etermined 4.52 and 3.33 �g g−1 of chromium in the plants, which

s higher than values obtained in the present study. Yet another
tudy by Gomez et al. [17] showed analysis of plant material from
rgentina by ICP-OES to contain less than 0.04 �g g−1 of chromium.
he values determined in the present study were also lower than
he WHO and FDA recommended daily intake of chromium for
oods and feeds which is set at 120 �g g−1 [45] but not as low as
hose determined by Gomez et al. [17].

Arsenic and chromium levels determined in the present study
nly indicate the total metal quantity and not the speciation quan-
ities. Previous studies of arsenic in water from the Okavango Delta
howed that As (III), the toxic form of arsenic, constitutes 50–74% of
he total amount of arsenic [23]. It is however important to note that

etals in plants are organically bound and therefore the toxicity
evels of these metals in plants are low [42].
.3. Levels of lead and nickel in medicinal plants

All plant species contained lead in a concentration range of
.12–0.23 �g g−1, and a detection limit of 0.03 �g g−1, with the

able 2
etal (As, Cr, Pb, Ni) content of plant samples as analyzed by AAS.

Medicinal plant (scientific name) Plant part Arsenic (As) (�g g−1)

Dichrostachys cinerea Branches 0.21 ± 0.02
Maerua angolensis Roots 0.19 ± 0.02
Mimusops zeyheri Roots 0.23 ± 0.01
Albizia anthelmintica Roots 0.29 ± 0.01
Plumbago zeylanica Roots 0.37 ± 0.01
Combretum imberbe Roots/leaves 0.35 ± 0.01
Indigofera flavicans Branches 0.40 ± 0.02
Clerodendrum ternatum Roots 0.44 ± 0.02
Solanum panduriforme Roots 0.46 ± 0.02
Capparis tomentosa Roots 0.50 ± 0.03
Terminalia sericea Roots 0.50 ± 0.01
Maytenus senegalensis Roots 0.54 ± 0.01

D, not detected.
Roots Persistent cough, tuberculosis, STIs

exception of P. zeylanica L. (Masimagobe) where no lead was
detected (Table 2). Of the plant species in which lead was detected,
A. anthelmintica Brongn. (Monogo) contained the least amount of
lead whereas C. ternatum Schinz (Legonyana) and M. senegalen-
sis Lam. Exell (Mothono) contained the greatest amount of lead.
The WHO maximum permissible levels of lead was set at 10 �g g−1

[45] and the levels obtained for all the plants in the present study
were much lower indicating that the plants studied have lead lev-
els well below toxicity levels. Researchers [16,18,19] showed in
their studies similar results for lead. A study by Ang [15] determin-
ing lead contamination in Eugenia dyeriana from different sources
using acid digestion followed by AAS showed widely varying con-
centrations of 2.34–13.20 �g g−1 of lead with 22% of the plants
exceeding the limit of 10 �g g−1. Lekouch et al. [14] and Maz-
zanti et al. [47] also showed in their study varying results of
lead in traditional plant derived medicines of 2.2–19.9 �g g−1 and
0.18–8.84 �g g−1, respectively. These values were much higher
than those observed in the present study, and suggested that sev-
eral factors might contribute to the metal concentrations in herbal
remedies including location, mode of preparation and different
environments.

Nickel was detected in only 3 of the 12 plant species (Table 2); A.
anthelmintica Brongn. (Monoga) 0.17 ± 0.01 �g g−1, T. sericea Burch
ex DC. (Mogonono) 0.21 ± 0.02 �g g−1 and M. senegalensis Lam.
Exell (Mothono) 0.09 ± 0.01 �g g−1. These results may suggest that
the nickel content in these plants was below the detection limit of
the instrument of 0.055 �g g−1. Gjorgiova et al. [46] also observed

metal concentrations lower than the limit of detection. Likewise in
a study by Annan et al. [48], of 27 plant samples, nickel was deter-
mined in only 8 samples. However, contrary to the present study
seven of the eight samples contained levels that were higher than

Chromium (Cr) (�g g−1) Lead (Pb) (�g g−1) Nickel (Ni) (�g g−1)

0.15 ± 0.02 0.21 ± 0.01 ND
0.98 ± 0.12 0.21 ± 0.02 ND
0.73 ± 0.17 0.20 ± 0.01 ND
0.53 ± 0.19 0.12 ± 0.02 0.17 ± 0.01
1.22 ± 0.61 ND ND
1.16 ± 0.30 0.14 ±± 0.05 ND
0.94 ± 0.20 0.21 ± 0.03 ND
1.13 ± 0.45 0.23 ± 0.01 ND
1.02 ± 0.10 0.21 ± 0.02 ND
1.18 ± 0.44 0.18 ± 0.01 ND
1.12 ± 0.47 0.22 ± 0.02 0.21 ± 0.02
1.27 ± 0.80 0.23 ± 0.02 0.09 ± 0.01
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Table 3
Possible maximum intake of potentially toxic heavy metals by consuming traditional medicinal preparations.

Medicinal plant Plant part Dosage and preparation As Cr Ni Pb

Weekly intake
(�g)a

PTWIb,c

(�g)
Weekly intake
(�g)a

PTMIb,d

(�g)
Weekly intake
(�g)a

PTMIb,e

(�g)
Weekly intake
(�g)a

PTMIb,f

(�g)

Plumbago zeylanica Roots Boil a handful in two cups
of water and take 1 cup in
the morning and one cup
in the evening (Katapo,
2010; pers. comm.g)

7.7 900 25.3 1260 – 2100 – 1500

Combretum imberbe Leaves Boil a handful in two cups
of water and take 2 cups
day−1 (Phaladi, 2008; pers.
comm.g)

7.3 900 24.0 1260 – 2100 2.9 1500

Terminalia sericea Roots Grind and boil one
tablespoon of powder in
water, take 1/2 cup
twice/day (Themba, 2009;
pers. comm.g)

10.4 900 23.2 1260 4.4 2100 4.6 1500

Clerodendrum ternatum Roots Boil handful with water
and drink one cup day−1

(Kesiametswe, 2008; pers.
comm.g)

9.1 900 23.4 1260 – 2100 4.8 1500

Albizia anthelmintica Roots Take one tablespoon day−1

with porridge (Sebetwane,
2009; pers. comm.g)

8.1 900 14.8 1260 4.8 2100 3.4 1500

Maytenus senegalensis Roots Boil tablespoon of powder
and drink 3 cups day−1

(Chetiso, 2009; pers.
comm.g)

15.1 900 35.6 1260 2.52 2100 6.4 1500

a Calculated for an amount of dry leaves of 4 g and an extractability of heavy metals into water infusions of a maximum of 74% [42].
b Provisional tolerable weekly intake.
c Calculated from 0.015 mg kg−1 [54] for 60 kg body weight.
d Calculated from daily intake of 0.18 mg for 60 kg body weight [54] multiplied by seven.
e −1 eight [
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Calculated from recommended dietary intake of 300 �g day for 60 kg body w
f Calculated from 25 �g kg−1 [54] for 60 kg body weight.
g Mode of preparation according to the information provided by the respective tr

he permissible level of 10 �g g−1. Obi et al. [20] also determined
igh levels of nickel in the samples analyzed.

All plants species were observed to contain heavy metals in low
oncentrations and in a similar trend of decreasing concentrations:
r > Pb > As > Ni. This indicates a low variance of heavy metal sta-
us in different medicinal plants collected from the same area. This
act might be a consistent reflection of the soil environment. For
xample, mineralized areas of Ngamiland District are assumed to be
overed by thick layers of sand [49] which might prevent bioaccu-
ulation of metals in plants, unless they possess very deep reaching

oot systems. The specifically observed low levels of nickel may
uggest that these plants do not accumulate nickel in considerable
mounts, either due to the absence of nickel in the environment or
he inability of the investigated medicinal plants to accumulate the

etal. M. senegalensis (Mothono) consistently showed higher levels
f metals than the other medicinal plants indicating that this tree
ight be a more effective bioaccumulator for metals as compared

o the other plants.

.4. Intake of arsenic, chromium, nickel and lead following
raditional medical treatment regimes

Most traditional medicines are prepared from dried plant mate-
ial, using either dried plant parts directly or ground powder for
ater infusions or decoctions. Medicinal plant preparations and
osages are summarized exemplary for six medicinal plants in
able 3.

Based on the traditional treatment regime, the possible max-

mum weekly intake of arsenic, chromium, nickel and lead was
alculated assuming the daily consumption of an infusion or decoc-
ion prepared from 4 g dried plant material (handful of dried plant

aterial or a tablespoon of ground plant powder) in a volume of
55] multiplied by seven.

nal healer and the respective year (personal communication).

water between 125 and 750 mL (1/2 to 3 cups). An extraction effi-
ciency of 74% of heavy metals for water infusions was assumed,
which was previously reported as the maximum value in herbal
teas of comparable mass of dried material [42]. The results are
shown in Table 3. The highest weekly intake was calculated as
15.1 �g arsenic; 35.6 �g chromium; 4.8 �g nickel and 6.4 �g lead.
Compared to the provisional tolerable weekly intake (PTWI) values
recommended by WHO and the Joint FAO/WHO Expert Commit-
tee on Food Additives (JCEFA) [50] of 900 �g per person arsenic,
1260 �g per person chromium, 2100 �g per person nickel and
1500 �g per person lead, the maximum weekly intakes of heavy
metals from traditional medicinal plant preparations are signif-
icantly lower with 1.7% of PTWI for arsenic, 2.8% of PTWI for
chromium, 0.2% of PTWI for nickel and 0.4% of PTWI for lead.
It was previously reported that arsenic and lead in herbal infu-
sions were mainly found to be organically bound and not toxic
indicating that the actual intake of the toxic forms of metals is
even lower. It is therefore reasonable to assume that exposure to
potentially toxic heavy metals from traditional plant medicines
in Ngamiland District in Botswana does not constitute a health
risk.

Though there are no comprehensive recommendations for
tolerable heavy metal intake considering an immune compro-
mised health context, the low heavy metal concentrations from
traditional plant medicines are unlikely to affect the health of
immunocompromised patients considerably. Two examples might
illustrate this point. A recent study [51] actually attributed an
improvement of insulin resistance, metabolic abnormalities and

body composition of HIV-patients to chromium at an intake level
of 400 �g day−1 in the form of chromium–nicotinate (compare to
the maximum daily intake of chromium from traditional medicine
of 5 �g reported in the present study).
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Contrary to chromium, arsenic is considered to be an immuno-
uppressant and was recently related to a significant increase
n pulmonary tuberculosis mortality in Chile at an exposure of
80 �g L−1 in drinking water [52]. HIV-infected persons do have
n increased susceptibility to tuberculosis. However, the low risk
opulation which served as a control in the above-mentioned
tudy was exposed maximally to 10 �g L−1 arsenic in drinking
ater. Assuming the adequate daily intake of 3.7 L day−1 drinking
ater for men and 2.7 L day−1 for women [53], the arsenic intake
ould translate to a weekly dosis of 259 �g and 189 �g, respec-

ively, associated with no increased tuberculosis risk (compared to
5.1 �g estimated weekly intake of arsenic from traditional medici-
al preparations reported in this study). It is important to note that
he weekly intake is calculated on the assumption that only one
lant will be consumed during this period. However, many tradi-
ional plant based preparations consist of a mixture of medicinal
lants. Therefore the consumption of a cocktail of remedies may

ncrease the weekly consumption to higher levels. But as all medic-
nal plants tested displayed very low levels of heavy metals even
n accumulative concentration is unlikely to exceed the maximal
olerable weekly intake values.

Further studies have to be conducted to determine the influence
f growing period, plant part harvested, harvesting season of plants
nd the metal content of soils on the metal uptake and content of
he plant species [42]. Another important area of study to enable
ssessment of the health implications on ingesting the traditional
lant medicinal remedies is to determine the metal content of the
rocessed traditional medicine, as processing may affect the metal
ontent of the remedies. In addition, these evaluations would have
o determine the metal content in biological fluids such as urine
nd plasma to ascertain the absorbed proportions of metals.

. Conclusions

In this study, twelve different medicinal plants traditionally
sed for the treatment of opportunistic infections of HIV/AIDS were
nalyzed for arsenic, chromium, lead and nickel using AAS after acid
igestion. In all the plant samples collected from an area with a high

evel of mineralization the concentrations of metals determined
ere nevertheless well below the permissible levels recommended

y the WHO. This suggests that the plants are safe provided no
dditional metals are added during the preparation of the rem-
dy/formulation. Additionally, the weekly intake was calculated,
ased on an estimated extractability value, and found to be much

ower than the recommended maximal tolerable weekly intake.
ased on this study, it is unlikely that even for HIV/AIDS patients
he consumption of these traditional plant based medicines will
ompromise their health status on the basis of the presence of
otentially toxic heavy metals. The study has generated baseline
ata that can be used to develop other studies in other parts of the
ountry to comprehensively determine the presence and quantities
f other heavy metals and trace elements, which can guide policy
evelopment.
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