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A B S T R A C T   

This study aimed to assess the potential health risks associated with consuming three commonly consumed 
medicinal herbs in Malawi: Azadirachta indica, Mondia whitei, and Moringa oleifera. The concentrations of five 
metal(loids) (As, Cd, Pb, Cr, and Co) were determined using inductively coupled plasma mass spectrometry, 
while their safety was assessed by comparing the measured values with the legislated maximum contaminant 
levels (MCL)and reported metal(loids) concentrations in other countries. The results indicated significant vari-
ations of metal(loids) concentrations amongst the studied medicinal herbs, with Azadirachta indica containing the 
highest mean As (0.078 ± 0.010 mg kg− 1) and Cd (0.049 ± 0.05 mg kg− 1) concentrations and Mondia whitei and 
Moringa oleifera contained the highest mean Co (1.01 ± 0.05 mg kg− 1) and Cr (1.42 ± 1.18 mg kg− 1) concen-
trations, respectively. However, the mean concentrations of As, Cd, Pb, Cr, and Co fell below the MCL set by 
World Health Organization (WHO), Alimentarius Commissions, and European Commission. The estimated daily 
intake (EDI) for each metal(loid) was less than 1, indicating that the studied medicinal herbs do not pose serious 
health risks to non-regular consumers. The study also emphasizes the importance of assessing the potential risks 
associated with consuming medicinal herbs contaminated with heavy metals or metalloids, as it can seriously 
threaten human health.   

1. Introduction 

Consumption of indigenous medicinal herbs is popular in Malawi 
with Azadirachta indica, Mondia whitei and Moringa oleifera being re-
ported among the commonly consumed herbs [1,2]. Medicinal herbs 
have been in use in Malawi for a long time, and have traditionally been 
prescribed by local herbalists for various ailments including malaria, 
asthma, hormonal dysfunctions, genital enlargement and labor stimu-
lation [1,3]. The popularity of medicinal herbs in Malawi is connected 
with their ease of access, therapeutic efficacy, relatively low cost [2–4] 
as well as the widespread public opinion that assumes medicinal herbs to 
have no side effects. For instance, roots and leaves of Kigelia africana 
have been reported to possess anticancer activity against breast, renal 
and melanoma cancers [5] with no side effects reported by traditional 
herbalists. The dichloromethane extracts from roots and leaves of 
K. africana have also been reported to inhibit growth of renal cell line 
with no side effects locally reported [1,5]. However, the presence of 
arsenic in medicinal herbs is a concern because long-term exposure to 
elevated levels of arsenic can lead to health effects, such as skin lesions, 
cardiovascular disease, neurological effects, and an increased risk of 

certain types of cancers. Several studies of K. africana, leaves, barks and 
un-ripen K. africana fruit have reported carcinogenic and genotoxic ef-
fects in humans [6,7]. Aqueous and organic extracts of K. africana have 
been reported to inhibit cell growth in humans [6,7] which censoriously 
misses out in herbalist reports of effectiveness of medicinal herbs [7,8]. 
Furthermore, Saini et al. [7] reported that ingestion of large amounts of 
unripen K. africana fruit is life threatening because of the elevated metal 
(loids) concentrations in the fruit. 

Different plants genotypes also vary in meta(loid) concentration in 
various parts of the plants. For instance, some plants such as rice 
accumulate elevated arsenic compared to other cereals [7,9,10]. 
Furthermore, plant uptake and concentration of metal(loids) from soil 
also varies with geographical location. For instance, arsenic content in 
rice from certain parts of India is higher than that in Malawi. In refer-
ence to the cited variations, the World Health Organization (WHO) 
recommends that food as well as medicinal herbs should be assessed for 
safety, potency, and efficacy so that only safe medicinal herbs are made 
available to consumers. This requirement is necessary to protect con-
sumers from health risks associated with ingestion of elevated toxic 
metal(loids) present in medicinal herbs [11,12]. However, there are 
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currently no established MCLs for As, Cd and Pb in medicinal herbs. 
Nevertheless, certain countries have established MCLs for As, Cd and Pb 
in food and these levels can be used as a general guide for As, Cd and Pb 
concentrations in medicinal herbs. For instance, the World Health Or-
ganization (WHO) established guideline values 0.20, 0.150 and 0.015 
mg kg− 1, for As, Cd and Pb respectively whereas the European com-
mission established the maximum contaminant limits of 0.15, 0.20 and 
0.020 mg kg− 1 respectively. Despite the above cited restrictions, studies 
of these toxic metal(loids) in commonly ingested and widely marketed 
medicinal herbs in Malawi such as Azadirachta indica, Mondia whitei and 
Moringa oleifera from Malawi have not been reported in literature. It is 
against this background that this study was commissioned to (1) eval-
uate As, Cd, Pb, Cr and Co concentration in Azadirachta indica, Mondia 
whitei and Moringa oleifera, and (2) to assess potential human health risks 
associated with consumption of the herbs by calculating the cancer risk 
(CR) of ingesting each of the metal(loid). Azadirachta indica, Mondia 
whitei and Moringa oleifera were selected for this study because they are 
widely marketed in major supermarkets and street vending outlets and 
they are popularly ingested local medicinal herbs in Malawi [2,3] and 
southern parts of Africa due to their wide range therapeutic effects [1, 
13]. 

2. Materials and methods 

2.1. Sampling 

Twenty-four medicinal herb samples were sourced from supermar-
kets and vending outlets in Lilongwe, Malawi in 2018. Each medicinal 
herb sample was packed in air-tight polyethylene zipper bags. Medicinal 
herbs details were accurately coded on the zipper bags. The collected 
medicinal herbs were classed into 3 genotypes namely: Azadirachta 
indica (n = 24), Mondia whitei (n = 16) and Moringa oleifera (n = 20;  
Table 1). 

2.2. Sample digestion 

Each medicinal herb sample was oven-dried to constant weight at 
80 ◦C for 72 h in the laboratory and then finely ball-milled into powder 
(> 5 µm) using a ball-milling equipment (MM400, Retsch, Germany). 
Exactly 0.20 mg of each powdered medicinal herb sample and certified 
reference material (CRM) for plant (ERM 200; n = 3), weighed using an 
analytical balance, was mixed with 2 mL of concentrated nitric acid (70 
%; Fisher Scientific, UK) after which the samples were left overnight to 
digest. Exactly 3 mL of hydrogen peroxide (32 %; Fisher Scientific, UK) 
was added to each sample before being digested in a Mars 5 microwave 
oven (Matthews Inc., USA) as follows: (i) ramping up to 50 ◦C for 10 
min, (ii) ramping up to 75 ◦C for 10 min, and (iii) holding at 95 ◦C for 30 
min. The ramping time was 5 min in each case. The applied power in all 
steps was set at 1450 W. The sample digests were cooled to room tem-
perature and the volume of each sample solution was made up to 15.0 
mL with ultra-pure water and then centrifuged at 4500 rounds per 
minute for 12 min and then transferred in another in 15 mL vials in 
readiness for analytes determination. 

2.3. Determination of metal(loids) using ICP-MS 

The analytical measurements of As, Cd, Pb, Cr and Co in the digested 

medicinal herb samples were carried out with inductively coupled 
plasma mass spectroscopy (ICP-MS, Agilent 7900 series) in inorganic 
mode, after its calibration using the certified stock solutions and opti-
mization according to the recommendation of the manufacturer. Three 
digestion blanks containing 1 % HNO3 in ultra-pure water (V/V), pre-
pared from concentrated nitric acid (70 % HNO3)obtained from Mal-
linckrodt Chemicals, USA and CRM of algae material (ERM CD 200) 
were prepared and measured alongside each medicinal herb sample for 
quality control purposes. All metal(loid) concentrations were deter-
mined on a dry weight (dwt) basis. Rhodium (Rh), obtained from High 
Purity Standards, Charleston (USA), with a concentration of 0.010 mg 
kg− 1, were used as an internal standard (ISTD) to correct instrument 
drift. Aqu Trace multi-element standard used in preparing calibration 
standards was obtained from ChemService (USA). The mass charge ratio 
(m/z) of As (75), Cd (110), Pb (208), Cr (52), Co (59) and Rh (103) were 
selected for analyzes. Concentrations of analytes were determined using 
a six-point external calibration curve of 0, 0.001, 0.005, 0.025, 0.050, 
and 0.100 mg kg− 1. Samples were introduced into the instrument using 
a concentric nebulizer and a double pass spray chamber. The instrument 
was operated in normal multi-element gas mode. 

2.4. Quality control: analyses of certified reference materials (CRM) 

Accuracy of measuring As, Cd, Pb, Cr and Co concentrations in me-
dicinal herbs was checked using certified reference material (CRM) ERM 
CD 200 (n = 6). Mean recoveries of As, Cd, Pb, Cr and Co were found 
between 94 % and 106 % (Table 2) which indicated a good agreement 
between certified and measured values. Paired t-tests revealed no sig-
nificant differences between measured and certified values for As, Cd, Pb 
and Co (p > 0.05) indicating high accuracy and precision. However, 
certified values for Cr were not known for ERM CD 200. 

2.5. Exposure estimation and health risk assessment 

2.5.1. General safety of Malawian medicinal herbs 
The safety of consuming medicinal herbs was assessed by comparing 

the measured concentrations of As, Cd, Pb, Cr and Co with respective 
maximum contaminant levels (MCL) of each metal(loid) set by different 
regulatory authorities. These authorities include the European Com-
mission, specifically Regulation (EC) No. 2073/2005 for leafy vegeta-
bles and herbs, as well as World Health Organization (WHO) and the 
Joint FAO/WHO Expert Committee Food Additive (JECFA) [14]. 

2.5.2. Exposure estimation 
The estimated daily intake (EDI) of As, Cd, Pb, Cr and Co in milli-

grams per kilogram per day per person (mg kg− 1 day− 1 person− 1) 
through the consumption of medicinal herbs was estimated using Eq. 
(1), which was adapted from the study conducted by Zeng et al. in 2015 
[15]. 

EDI =
(C ∗ IR)

bwt
(1) 

In our calculations, the variable C represents the ‘average concen-
tration’ of As, Cd, Pb, Cr and Co in medicinal herbs measured in 

Table 1 
Studied medicinal herbs showing Common names, scientific names and number 
of samples analyzed for each genotype.  

Common name Scientific name Number of samples 

Gondolosi Mondia whitei  24 
Moringa Moringa oleifera  16 
Neem Azadirachta indica  20  

Table 2 
Accuracy checks of As, Cd, Pb, Cr and Co measurements using certified reference 
material (CRM) ERM CD 200 showing certified and mean measured concen-
tration (± SD) in mg kg− 1 and recoveries obtained for each analyte in % (n = 6).  

Metal (loid) Certified value Mean measured value Recovery, % 

As 0.50 ± 0.1 0.52 ± 0.04 104 
Cd 0.50 ± 0.1 0.53 ± 0.5 106 
Pb 1.0 ± 0.2 0.94 ± 0.5 94 
Cr - 0.48 ± 15 - 
Co 50 ± 10 0.45 ± 5 90 

Note: SD, standard deviations. 
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mg kg− 1, the variable IR represents the average daily ingestion rate of 
medicinal herbs expressed in kg day− 1 person− 1’ and bwt represents the 
estimated bodyweight of adult consumers in kg. For our calculations, we 
used an average daily IR of 10 g day− 1 person− 1 [16]. 

2.5.3. Cancer risk assessment 
We calculated the cancer risk (CR) of ingesting As, Cd, Pb, Cr and Co 

through medicinal herb consumption employing Eq. (2), which was 
adapted from the study conducted by Zeng et al. [15]. 

CR = EDI ∗ CSF (2) 

In our calculations, the variable CR represents the probability of 
lifetime cancer risk, the variable CSF represents the cancer slope factor. 
For our calculations, we used the following CSF values: 1.5, 0.38, 
0.0085, 1.5, and 0.5 given in mg kg− 1 day− 1 for As, Cd, Pb, Cr and Co, 
respectively, set by the US EPA [17–20]. The Hazard Quotient (HQ), 
defined as “the ratio between EDI and oral reference dose (RFD)” (Eq. 3) 
and the Hazard Index (HI), defined as “the sum of HQ” (Eq. (4)) adapted 
from Zeng et al. [15], Munoz et al. [21] and Nolos et al. [18] were used 
to assess the human health risk of consuming the medicinal herbs, and 
CR that exceeded the maximum threshold value of 1.00 × 10− 4 was 
deemed to expose consumers to elevated carcinogens levels [15,18,19]. 

HQ =
EDI
RFD

(3)  

HI = HQAs + HQCd (4) 

In our calculations, the variable RFD represents the reference dose 
measured in μg/kg bwt * day) [17–19], the variable HQ represents the 
Hazard Quotient and the variable HI represents the Hazard Index. For 
our calculations, we used the following oral RFD values: 0.0003, 0.001, 
0.0035, 0.03 0.001 given in mg kg− 1 * day for As, Cd, Pb, Cr and Co, 
respectively, set by the US EPA [17,20]. 

2.6. Statistics 

Data analysis was performed using Minitab 19 statistical software 
and Microsoft Excel 2016 for Windows 10. Two-way analysis of variance 
(ANOVA) was obtained using general linear model and was used to 
evaluate significant differences among the studied variables in different 
sample matrices. Fisher tests were also used to decide level of significant 
at either p < 0.01 and < 0.001 probability levels. 

3. Results and discussion 

3.1. Evaluation of metalloids concentration in medicinal herbs 

In this study, we investigated the concentration of As, Cd, Pb, Cr and 

Co in three commonly used medicinal herbs in Malawi: Moringa oleifera, 
Azadirachta indica, and Mondia whitei. All the medicinal herb samples 
analyzed in this study contained detectable levels of As, Cd, Pb, Cr and 
Co as shown in Table SM1. The concentrations of metal(loids) ranged 
from 0.039 to 0.085 mg kg-1 for As, 0.013 to 0.094 mg kg-1 for Cd, 0.836 
to 1.384 mg kg-1 for Pb, 0.271 to 2.929 mg kg-1 for Cr, and 0.635 to 
1.252 mg kg-1 for Co. The mean concentrations of metal(loids) 
decreased in the following order: Pb (1.064 mg kg-1) > Cr (1.063 mg kg- 

1) > Co (0.884 mg kg-1) > As (0.062 mg kg-1) > Cd (0.032 mg kg-1) 
(Fig. 1). This indicates that Pb and Cr were the most abundant metal 
(loids) while Cd was the least abundant metal(loid) among the tested 
medicinal herbs. These results indicate that medicinal herbs can serve as 
a potential source of exposure to various metal(loids) including As, Cd, 
Pb, Cr, and Co with concentrations that varied among the different herbs 
tested. These findings are consistent with previous studies that have 
reported high levels of Pb in medicinal plants [22]. However, no sig-
nificant differences were observed between the mean Pb and Cr con-
centrations in the studied medicinal herbs (p > 0.05), indicating that 
their levels were comparable. Nonetheless, we have provided a detailed 
analyses of the results and discussion of each metal(loid), including their 
maximum contaminant levels (MCL), variation across the different herbs 
and regions, in the subsequent paragraphs. 

3.2. Arsenic 

In this study, the lowest mean concentration of As was found in 
Moringa oleifera (0.048 ± 0.008 mg kg− 1), while the highest mean con-
centration of As was observed in Azadirachta indica (0.078 
± 0.010 mg kg− 1) (Table SM1, Fig. 2a). These findings confirm that 
medicinal plants, including Moringa oleifera, Azadirachta indica, and 
Mondia whitei, have the ability to absorb arsenic from the environment, 
resulting in elevated levels of this element in the plants [22–24]. The 
mean concentration of As decreased in the order of Azadirachta indi-
ca > Mondia whitei > Moringa oleifera (Table SM1, Fig. 2a), indicating 
that Azadirachta indica accumulates higher As compared to the other two 
medicinal herbs. Furthermore, mean concentrations of As were also 
compared with those from other countries worldwide. The results 
indicated that mean As concentrations for Malawian Moringa in this 
study (Table SM1, Fig. 2a) were at least 2-fold lower than those reported 
in herbs from Bulgaria (range: 0.012–0.225 mg kg− 1) [4] and Poland 
(range: 0.120 ± 0.310 mg kg− 1) [4,25–29]. Another study conducted by 
Ahmed et al. [30] found As concentrations ranging from 0.040 to 
0.126 mg kg− 1 in medicinal plants from Pakistan. A study conducted in 
India reported As concentrations ranging from 0.16 to 1.1 mg kg− 1 in 
medicinal plants [31]. Similarly, in a study conducted by Vuong et al. 
[32], mean As concentrations of 0.343 mg kg− 1, 1.628 mg kg− 1, 
0.182 mg kg− 1 and 0.295 mg kg− 1 in Artemisia vulgaris L., Plantago 
asiatica L., Eleusine indica (L.) and Phyllanthus urinaria L., respectively 

Fig. 1. Variation of concentrations of As (a) and Cd (b) in Mondia whitei (Mondia; n = 24), Moringa oleifera (Moringa; n = 16) and Azadirachta indica (Neem; 
n = 20). Medicinal herbs that share common letters (A, B and C) are not significantly different from each other. The boxes represent first and third quartile range 
metalloid concentrations; the line across a box represents the median value; and whiskers represent minimum and maximum values. 
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[26–29,32]. 
The concentrations of As observed in Malawian medicinal herbs in 

this study were compared to those reported in medicinal herbs from 
other African countries. For Moringa oleifera, the results revealed that 
the mean As concentration obtained in this study (range: 
0.048–0.078 mg kg− 1) fell within the range reported in Ghana 
(0.06–2.04 mg kg− 1) [33], but it was significantly lower than that from 
Nigeria (range: 0.17–1.21 mg kg− 1) [2,27,34], Ethiopia (range: 
0.24–1.11 mg kg− 1) [2,35,36] and Uganda (range: 0.29–0.99 mg kg− 1) 
[2,28]. It is important to note that the US Food and Drug Administration 
(FDA) has established a maximum contaminant level (MCL) of 
3.00 mg kg− 1 for As in herbs and spices [37]. The concentrations of As 
observed in the tested medicinal plants were significantly lower than the 
FDA’s MCL, indicating that they are safe for human consumption. The 
findings of the study suggest that medicinal plants have the ability to 
accumulate As from the environment, and the accumulation concen-
tration varying among different species. However, further studies should 
be conducted to gain better understanding of the health implications of 
long-term exposure to low levels of As through the consumption of 
medicinal plants. This is particularly important considering that pro-
longed exposure to low levels of As can result in adverse health effects, 
including cancer and skin lesions [38,39]. 

In addition, the mean As concentrations obtained in this study were 
compared to the maximum contaminant level (MCL) established by 
various regulatory institutions. The results indicated that the mean As 
concentrations in Malawian herbs (0.062 mg kg− 1) analyzed in this 
study were at least three times lower than the MCLs set by World Health 
Organisation (WHO) and European Commission (EC) Regulation No. 
2073/2005 for herbs (0.200 mg kg− 1) [40,41], as well as those set by 
China (0.200 mg kg− 1), Thailand (4.00 mg kg− 1) and Canada 
(5.00 mg kg− 1). Therefore, the As concentration in the studied medici-
nal herbs fall within the acceptable limits for human consumption and 
pose a minimal threat to human health. 

The low concentration of As in Malawian Moringa oleifera may be 
attributed to high soil-pH and organic matter content in soils of the 
Chikwawa districts, where Moringa oleifera was obtained. This is sup-
ported by the positive correlation between higher soil pH and organic 
matter content, and lower As concentration in Moringa oleifera leaves. 
Regarding Azadirachta indica, the results revealed that the mean As 
concentration obtained in this study (mean: 0.062 mg kg− 1; range: 
0.048–0.078 mg kg− 1) was significantly lower than that found in 
Nigerian (mean: 1.16 mg kg− 1; range 0.10–2.97 mg kg− 1), Ethiopian 
(5.5 mg kg− 1; range: 1.0–13.9 mg kg− 1) and Tanzanian (mean 
0.22 mg kg− 1, range 0.03–0.44 mg kg− 1) medicinal herbs. 

The study revealed that the concentration of As in Malawian me-
dicinal herbs was generally low and fell below the acceptable limits for 
human consumption. Among the herbs studied Moringa oleifera exhibi-
ted the lowest mean concentration of As, while Azadirachta indica had 

the highest. Furthermore, the concentration of As in Malawian Moringa 
oleifera was similar to that reported in other African countries but lower 
than the levels observed in Bulgaria and Poland. 

Additionally, the study found that the concentration of As in Mala-
wian medicinal herbs was significantly lower than the MCL established 
by the World Health Organization (WHO), the European Commission 
(EC), China, Thailand, and Canada. These findings offer valuable in-
sights into the arsenic levels in the specified commonly consumed 
Malawian medicinal herbs, comparing them with those in other coun-
tries and regulatory thresholds. However, it is important to note that the 
study’s analyses were for the specified medicinal herbs, and therefore, 
the results may not be representative of all medicinal herbs cultivated in 
Malawi or other regions. This information can prove beneficial to 
herbalists and researchers seeking to reduce As levels in the studied 
medicinal herbs. 

3.3. Cadmium 

Cadmium concentrations in medicinal herbs ranged from 0.013 to 
0.049 mg kg− 1, with Azadirachta indica exhibiting the highest mean 
concentration of 0.049 ± 0.05 mg kg− 1, which was at least twice as high 
as that in Moringa oleifera (0.027 mg kg− 1) and Mondia whitei (p < 0.01; 
Table SM1, Fig. 2b). The mean concentration of Cd decreased in the 
order of Azadirachta indica > Moringa oleifera > Mondia whitei 
(Table SM1, Fig. 2b). The mean Cd concentrations obtained in this study 
are at least three times lower than those reported for Moringa oleifera in 
Thailand (mean: 0.150 mg kg− 1; range: 0.020–0.182 mg kg− 1) [42], 
Mondia whitei in Rwanda (mean: 0.080 mg kg− 1; 
range = 0.050–0.090 mg kg− 1) [43], and Azadirachta indica in Nigeria 
(mean: 0.350 mg kg− 1; range: 0.120–0.540 mg kg− 1) [4,44]. 

The study also found that Azadirachta indica had the highest mean Cd 
concentration which was at least twice higher than that in Moringa 
oleifera and Mondia whitei (Table SM1, Fig. 2a) suggesting that different 
herbs accumulate varying levels of Cd. These results align with other 
studies that have reported higher levels of Cd in Azadirachta indica. For 
instance, a study conducted in India reported a mean Cd concentration 
of 0.06 mg kg− 1 in Moringa oleifera and 0.29 mg kg− 1 in Azadirachta 
indica [45]. Another study in Nigeria reported a mean Cd concentration 
of 0.16 mg kg− 1 in Moringa oleifera and 0.44 mg kg− 1 in Azadirachta 
indica) [46], which are considerably higher compared to the findings in 
this study. In comparison to other medicinal herbs, a study conducted by 
Dghaim et al. [47] reported mean Cd concentration ranging from 0.03 to 
0.43 mg kg− 1 (mean: 0.14 mg kg− 1) in medicinal herbs commonly 
consumed in the United Arab Emirates while Sepehri et al. [48] found 
Cd concentrations ranging from 0.012 mg kg− 1 to 0.0793 mg kg− 1 in 
medicinal plants consumed in Iran indicating that Cd concentrations in 
Malawian medicinal herbs are significantly lower than those reported in 
medicinal plants from other regions [12,32,49–52]. 

Fig. 2. Variation of Pb (a) and Cr (b) concentrations in M. whitei (Mondia, n = 24), M. oleifera (Moringa; n = 16) and A. indica (Neem; n = 20). Medicinal herbs that 
share common letters (A–C) are not significantly different from each other. The boxes represent first and third quartile range metalloid concentrations; the line across 
a box represents the median value; and whiskers represent minimum and maximum values. 
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In comparison to the World Health Organization (WHO) and Euro-
pean Commission MCL for Cd in herbs and spices, set at 0.3 mg kg-1 

[39–41,53], it was observed that all the Malawian medicinal herbs 
analyzed in this study had Cd concentrations below this limit. This 
observation suggests that the medicinal herbs analyzed in this study are 
safe for consumption in terms of Cd contamination. However, it is 
necessary to consistently check and monitor cadmium levels in medic-
inal herbs to ensure safety and prevent potential health risks. 

3.4. Lead 

The lowest and highest mean concentrations of Pb were observed as 
0.89 mg kg− 1 in Moringa oleifera and 1.39 mg kg-1 in Mondia whitei 
(Fig. 3a, Table SM1), indicating that the mean Pb concentration in the 
studied herbs decreased in the following order: Mondia white-
i > Azadirachta indica > Moringa oleifera (Fig. 3a, Table SM1). The mean 
Pb concentration obtained in this study (1.07 mg kg− 1) is at least 10 
times significantly lower than the reported concentrations for Azadir-
achta indica in Pakistan (range: 9–15 mg kg− 1) [12], and in Kolkata, 
India (mean = 16.53 mg kg-1), and Horse chestnut (mean: 
2.00–8.20 mg kg− 1; F = 9.4; p < 0.01) [12,44]. However, the mean Pb 
concentrations obtained in this study were not significantly different 
from that reported for Chamomile blossom (p > 0.05; range: 
0.44–0.85 mg kg− 1) and peppermint leaves (p > 0.05; range: 
0.46–1.11 mg kg-1) from Poland [54,55]. 

Furthermore, mean Pb concentrations in all samples (1.07 mg kg− 1; 
Fig. 3a, Table SM1) was 10 times lower than the MCL for Pb concen-
trations in herbs (10 mg kg− 1) regulated by WHO [56]. These results 
suggest that the studied medicinal herbs have relatively low concen-
trations of Pb, which is an important finding considering the potential 
health risks associated with Pb exposure. The study provides significant 
information regarding the safety of these medicinal herbs which can 
serve as a guide for selecting and using them in traditional medicine. 
However, it is essential to acknowledge that the results may not apply 
universally to other geographic regions or populations due to potential 
variations in concentrations of Pb in medicinal herbs, influenced by 
factors such as the soil and water quality, climate, and agricultural 
practices. Moreover, the study did not investigate the potential health 
effects of consuming these herbs with low concentrations of Pb. Hence, 
additional research is required to assess the safety and effectiveness of 
utilizing these herbs in traditional medicine. 

3.5. Chromium 

The mean concentrations of Cr in Azadirachta indica, Mondia whitei 
and Moringa oleifera were determined to be 0.81 ± 0.61, 0.961 ± 0.23 

and 1.42 ± 1.18 mg kg− 1, respectively (Fig. 3b). The results indicated 
that M. oleifera had the highest mean Cr concentration, followed by 
M. whitei and A. indica (Table SM1, Fig. 3b). This suggests that different 
medicinal herbs possess varying levels of Cr, and certain herbs may be 
more susceptible to contamination than others. Notably, 58 % of the 
analyzed medicinal herb samples (14 out of the 24) exceeded the MCL of 
2.00 mg kg-1 set by the World Health Organization (WHO) for Cr in 
herbs and vegetables [15,57], as well as EC No. 1441/2007 [39,53]. 
These findings indicate that a significant proportion of medicinal herbs 
sold in Malawi may raise safety concerns due to high levels of Cr 
contamination. 

The increased Cr levels observed in certain medicinal herbs may be 
attributed to contamination during the harvesting and processing stages 
during plant production [57], emphasizing the need for proper hygiene 
and handling procedures to mitigate contamination risks. However, it is 
crucial to evaluate these results in conjunction with the estimated daily 
intake (EDI) of medicinal herbs by Malawian communities in order to 
comprehensively assess risks and implement appropriate interventions 
[15]. These findings underscore the potential health hazards associated 
with the consumption of contaminated medicinal herbs and emphasize 
the importance of considering EDI in evaluating risk levels [15]. 

3.6. Cobalt 

The mean Co concentrations of cobalt in A. indica, M. oleifera and 
M. whitei were determined to be 0.81 mg kg-1 (range: 0.64–0.96 mg kg- 

1), 0.84 mg kg-1 (range: 0.65–1.06 mg kg-1), and 1.01 ± 0.05 mg kg− 1; 
(range: 0.77–1.25 mg kg− 1), respectively (Table SM1, Fig. 3). these 
findings indicate that Mondia whitei exhibited the highest mean Co 
concentration, followed by Moringa oleifera and Azadirachta indica 
(Table SM1, Fig. 3). The average Co concentrations obtained in this 
study was 0.88 mg kg− 1, which is below the World Health Organization 
(WHO) guideline value of 1.0 mg kg− 1 for Co concentration in food 
[56]. The study also demonstrated a decreasing Co concentration trend 
of Mondia whitei > Moringa oleifera > Azadirachta indica. These ob-
servations suggest that Malawian medicinal herbs currently available in 
supermarkets are generally safe for consumption in terms of Co content. 

It is worth noting, however, that this study only analyzed a limited 
number of medicinal herbs, and further investigations are required to 
evaluate the Co concentration in a broader range of medicinal herbs in 
Malawi. Additionally, while the Co concentration in the analyzed herbs 
remains below the recommended limit, it is crucial to consider the cu-
mulative effect of consuming multiple herbs and other food sources with 
Co content. Nevertheless, the results highlight the necessity for contin-
uous monitoring of Co concentration in medicinal herbs to ensure their 
safety for human consumption. 

3.7. Human health risk assessment 

3.7.1. Estimated daily intake (EDI) 
The present study aimed to assess the potential human health risks 

associated with elevated levels of As, Cd, Pb, Cr and Co resulting from 
the consumption of medicinal herbs. The evaluation was based on a 
scenario involving the daily intake of 0.010 kg of medicinal herb by an 
individual with an average body weight of 58 kg [16,58]. The estimated 
daily dietary intakes (EDI) of each metal or metalloid are provided in  
Table 3. Among the metals analyzed, Cd exhibited the lowest EDI value 
(3.45 × 10− 6), while Pb showed the highest EDI value (1.24 × 10− 4; 
Table 3), consistent with previous reports on metal(loid) concentrations 
in plant materials [59]. Comparisons of the EDI values among the me-
dicinal herbs revealed that Azadirachta indica had lower EDI values for 
As, Cd, Pb, Cr and Co compared to Mondia whitei and Moringa olifera, 
indicating that the former may be a safer option. The overall EDI values 
for As (7.07 × 10− 6), Cd (3.33 × 10− 6), Pb (1.24 × 10− 4), Cr 
(1.19 × 10− 4) and Co (1.05 × 10− 4) found in this study (Table 3) were 
below the recommended tolerable EDI values of 0.13, 0.06, 0.21, 0.20 

Fig. 3. Variation of Co concentrations in M. whitei (mondia; n = 24), M. oleifera 
(moringa; n = 16) and A. indica (neem; n = 20). Medicinal herbs that share 
common letters (A–C) are not significantly different from each other. The boxes 
represent first and third quartile range metalloid concentrations; the line across 
a box represents the median value; and whiskers represent minimum and 
maximum values. 
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and 0.30 for As, Cd, Pb, Cr and Co in herbs [59]. These results indicate 
limited health risk to consumers of medicinal herbs regarding to the 
studied metals and metalloids. The relatively low soil concentrations of 
As, Cd, Pb, Cr and Co reported in many regions of Malawi, compared to 
the reference countries, may contribute to the observed low EDI values 
[58]. 

The study aimed to assess the concentrations of As, Cd, Pb, Cr, and Co 
in medicinal herbs available in supermarkets in Malawi, as well as the 
associated human health risks resulting from the ingestion of these 
metalloids through consumption of these herbs. The findings revealed 
that Moringa oleifera, had the highest mean concentration of As, with 
58 % of the samples exceeding the MCL established by World Health 
Organization (WHO) and Codex Alimentarius Commission [39]. The 
mean Cd concentrations in all herbs were below the MCL, however, 
54 % of the samples had Cd concentrations surpassing the MCL set by 
the European Union (EU). The mean Pb concentrations were below the 
MCL defined by the WHO and Codex Alimentarius Commission, but 
46 % of the samples contained Pb concentrations above the maximum 
residue limit (MRL) set by the EU. The mean Cr concentrations were 
below the MCL set by the WHO and Codex Alimentarius Commission, 
but 58 % of the samples had Cr concentrations surpassing the MCL. The 
mean Co concentrations were below the guideline value recommended 
by the WHO for Co concentration in food. Overall, the estimated daily 
intake (EDI) values for As, Cd, Pb, Cr, and Co were below the recom-
mended tolerable values, indicating limited health risk to consumers of 
medicinal herbs in terms of these metal(loids). 

The study provides essential insights into the concentrations of 
metalloids in medicinal herbs in Malawian supermarkets, which is 
particularly relevant given the traditional use of medicinal herbs in the 
country. The elevated concentrations of As, Cd, Pb, and Cr detected 
found in some samples are concerning due to the potential adverse 
health effects associated with chronic exposure to these metal(loids). 
The fact that a majority of the samples exceeded the MCLs for As and Cr 
as well as the MRLs for Cd and Pb, raises alarm and suggests that 
contamination during the harvesting and processing of these herbs is a 
significant issue. 

It important to note that the EDI values reported in this study were 

calculated based on the assumption of consuming a daily dosage of 
0.010 kg medicinal herbs by an individual with an average body weight 
of 58 kg. While these values indicate a limited health risk to consumers, 
it is crucial to consider the possibility of higher doses and potential 
chronic exposure over time. Furthermore, although the EDI values were 
found to be below the recommended tolerable values, it is essential to 
acknowledge that these values are not absolute, and there remains a 
potential for health risks, especially with prolonged exposure. This study 
emphasizes the necessity for enhanced regulation and monitoring of 
medicinal herbs in Malawian supermarkets to ensure their safety for 
consumption. 

It also underscores the significance of consumer education regarding 
the potential risks associated with the consumption of these herbs and 
the importance of adopting safe handling and preparation practices. 

3.7.2. Cancer risk 
The study assessed the cancer risk (CR) associated with the exposure 

of As, Cd, Pb, Cr and Co through from the consumption of the three 
medicinal herbs. The calculated CR values for these metalloids were 
1.06 × 10− 5, 1.27 × 10− 6, 1.05 × 10− 6, 5.96 × 10− 5, and 1.05 × 10− 4, 
respectively (Table 3). It is worth noting CR values for below10− 6 are 
considered negligible range, while values above 10− 4 are deemed un-
acceptable. Values falling between 10− 6 and 10− 4 are within an 
acceptable range [19,60,61]. In this study, the CR value for Co in Mondia 
whitei exceeded the acceptable range, indicating a concerning risk of 
cancer associated with cobalt exposure through the consumption of 
Mondia whitei. On the other hand, the CR values for As, Cd, Pb and Cr 
were either within the acceptable range or negligible (Table 3) in all the 
three medicinal herbs, suggesting that these medicinal herbs are safe in 
terms of these metalloids. Overall, both the EDI and CR values obtained 
in this study indicate a low health risk of cancer for consumers of 
Malawian medicinal herbs. 

The Hazard Quotient (HQ) was calculated for ingesting Mondia whitei 
(2.64 × 10− 1), Moringa olifera (1.66 × 10− 1) and Azadirachta indica 
(1.25 × 10− 1) at a dosage of 0.010 kg day− 1 (Table 3). The resulting HQ 
values were all below 1.0, which indicates that Malawian herbs are 
generally safe, as HQs values less than 1.0 are considered to pose 
insignificant health risks [62]. Among the metalloids, Cr contributed the 
highest HQ value (60 %) while Cd had the lowest contribution to HQ 
(2 %) (Table 3). 

Based on the presented results, the cancer risk (CR) values for As, Cd, 
Pb, Cr and Co in the three medicinal herbs were predominantly within 
an acceptable range or negligible, indicating that these herbs are safe 
concerning these metalloids. However, the CR value for Co in Mondia 
whitei exceeded the acceptable range, suggesting a potential cancer risk 
associated with its consumption of this particular herb. These findings 
align with previous studies that have also highlighted the potential 
health risks associated with Co exposure [19,60,63]. The Hazard Quo-
tient (HQ) values for these three medicinal herbs were consistently low 
and below the threshold of 1.0, indicating insignificant health risks for 
consumers. Among the metalloids, Cr had the highest contribution to the 
HQ, while Cd had the least contribution. These results are in line with 
prior studies that have reported low HQ values for medicinal herbs [62, 
64]. 

4. Conclusions 

This study analyzed the concentrations of As, Cd, Pb, Cr, and Co in 
medicinal herb samples from Malawi. All the metalloids were detectable 
in all the samples analyzed, with Pb and Cd being the most and least 
abundant metalloids, respectively. The mean As concentrations were 
within acceptable limits for human consumption and posed a minimal 
threat to human health. These results suggest that the consumption of 
Malawian medicinal herbs is mostly safe with respect to the studied 
metalloids, but caution should be exercised when consuming Mondia 
whitei due to its potential cancer risk associated with Co exposure. We 

Table 3 
Estimated daily intake (EDI), cancer risks (CR) and Hazard Quotient (HQ) for As, 
Cd, Pb, Cr and Co with estimated average of 0.010 kg day− 1 consumption rate of 
Malawian medicinal herbs for a person with an average age of 58 years and body 
mass of 55 kg. (Cm, metalloid concentration (mg kg− 1) in specified medicinal 
herbs).  

Sample Metal (loid) Cm EDI CR HQ 

M. whitei As  0.06 1.03 × 10− 5 1.55 × 10− 5 3.45 × 10− 2 

Cd  0.02 3.45 × 10− 6 1.31 × 10− 6 3.45 × 10− 3  

Pb  1.125 1.94 × 10− 4 1.65 × 10− 6 5.54 × 10− 2  

Cr  0.958 1.65 × 10− 4 8.26 × 10− 5 1.65 × 10− 1  

Co  1.005 1.73 × 10− 4 1.73 × 10− 4 5.78 × 10− 3  

HI     2.64 × 10− 1 

M. olifera As  0.048 4.1 × 10− 6 6.21 × 10− 6 1.38 × 10− 2 

Cd  0.027 2.3 × 10− 6 8.84 × 10− 7 2.33 × 10− 3  

Pb  1.017 8.8 × 10− 6 7.45 × 10− 7 2.50 × 10− 2  

Cr  1.421 1.2 × 10− 4 6.13 × 10− 5 1.23 × 10− 1  

Co  0.837 7.2 × 10− 5 7.32 × 10− 6 2.41 × 10− 3  

HI     1.66 × 10− 1 

A. indica As  0.078 6.7 × 10− 6 1.01 × 10− 5 2.24 × 10− 2  

Cd  0.049 4.2 × 10− 6 1.61 × 10− 6 4.22 × 10− 3  

Pb  1.051 9.1 × 10− 5 7.70 × 10− 7 2.59 × 10− 2  

Cr  0.814 7.0 × 10− 5 3.51 × 10− 5 7.02 × 10− 2  

Co  0.810 7.0 × 10− 5 6.98 × 10− 5 2.33 × 10− 3  

HI     1.25 × 10− 1 

All herbs As  0.062 7.07 × 10− 6 1.06 × 10− 5 2.36 × 10− 2  

Cd  0.032 3.33 × 10− 6 1.27 × 10− 6 3.33 × 10− 3  

Pb  1.064 1.24 × 10− 4 1.05 × 10− 6 3.55 × 10− 2  

Cr  1.064 1.19 × 10− 4 5.96 × 10− 5 1.19 × 10− 1  

Co  0.884 1.05 × 10− 4 1.05 × 10− 4 3.50 × 10− 3  

HI     2.0 × 10− 1  
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recommend that regular monitoring of metal(loid) concentrations in 
medicinal herbs should be carried out to ensure their safety for human 
consumption. 
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