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Abstract 

ine potentially toxic elements (PTE), As, Cd, Cr, Cu, Fe,Mn, Ni, Pb, and Zn were determined in the 

elevensamplesof herbal teas commercially available in Kano markets. Microwave- assisted acid 

digestion was used in the digestion of the tea infusions, and the element contents were determined 

usinginductively coupled plasma mass spectrometer (ICP-MS).The concentrations of all elementsvariedgreatly 

between thesamples. Manganese has the highest concentration in all the herbal teas (16.5-108.8µg/100mL) 

while Cd has the lowest concentration (0.001-0.051µg/100mL).The daily intake of all the PTE from these herbal 

tea infusions (three cups/day)is below the recommended daily intake, therefore, it may not cause any health 

danger for human consumption. 

Keywords: Potentially toxic element, tea, herbal tea, microwave assisted digestion, inductively 

coupled plasma mass spectrometer  

 

Introduction 

Tea is one of the most common beverages used all over the world, which is produced from the leaves 

of a shrub Camellia sinensis(Dufresne and Farnworth, 2001).About 18–20 billion cups oftea are 

consumed daily in the world (Ashraf and Mian, 2008). In Nigeria, the consumption of tea as a 

beverage is common among different categories of people and households. Consumption of tea in 

Nigeria is not restricted to consumers households, it is purchased taken at motor parks, bus stop and 

is hawked by different classes of people “maishayi” who earn their living through this means 

(Sowunmi et al., 2009). 

Herbal teas are more precisely known as ‘tisanes’ that is they are derived from blends of dried leaves, 

seeds, grasses, nuts, barks, fruits, flowers, or other botanic sources (Kara, 2009; Ravikumar, 2014). 

Herbal teas are not considered as true tea because most of them do not originate from the Camellia 

sinensis plant. Many herbal teashave been used not onlyas beverages but mostlyfor medicinal 

purposes. An epidemiological study in Japan indicated that drinking 10 Japanese-size cups of green 
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tea (120 mL per cup) daily can prevent cancer (Fujiki, et al., 2002). Another herbal tea,M. 

alba(mulberry), has been shown to display hypoglycemia effect (Singab, et al., 2005),neuroprotective 

effect (Kang, et al., 2006) andhepatoprotective effects (Oh, et al., 2002). Beside these massive benefits, 

herbal teas may contain some undesirable, dangerous and toxic components such as herbicides, 

pesticides,fungicides, and potentially toxic elements.Some potentially toxic elements (PTE) are 

essential for living organisms including humans (Alloway,1995)  but the presence of these elements 

at a higher concentration may cause toxic effects if human populations are exposed to them 

(Davydova,2005). Herbal teas can be contaminated by PTE during growth and themanufacturing 

processes when the ready-made products areproduced (Chan, 2003). Other sources of PTE 

contamination are rainfall, atmospheric dust, pesticides, and fertilizers (Harrison and Chirgawi, 1989; 

Djingova et al., 2003). 

In Nigeria, leaves such as bitter leaf, have been effectively used for the manufacture of herbal teas 

due to their medicinal properties (Okafor et al., 2009). However, most teas circulating in the Nigerian 

market are imported, mainly from China, India and Thailand. They come under different names such 

as: Slimming Tea, Hypertensive and Cholesterol Special Tea, Fat-removal Tea, Rheumatic and 

Arthritis Supporting Tea, Anti Diabetes Tea, All Natural Typhoid Tea, Blood Sugar Reducing Tea, 

etc.  

Human body requires some of these elements but at certain tolerable limit for growth and good 

health. It is therefore necessary to be monitoring the levels of these elements in these products and 

for that reasons the World Health Organisation, WHO, recommends that medicinal plants which 

form the raw materials for the finished products be checked for the presence of heavy metals (WHO, 

1998).Various studieshave been made todetermine the levels of PTE of different herbs, medicinal or 

aromaticplants, and tea leaves from many parts of the world by using various analytical techniques 

(Ajasa et al.,2004;Razicet al., 2005;BasgelandErdemoglu, 2006). In Nigeria some of the studies were on 

phytopharmaceutical properties of the herbal teas (Isimi et al., 2016) and evaluation of phytochemical, 

physicochemical parameters of the herbal teas (Samali et al., 2012). Therefore the aim of this work is 

to establish the levels of some PTE (As, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in some selected local and 

imported herbal tea infusions obtained in Kano, using a microwave-assisted digestion method and 

analysing the elements with inductively coupled plasma mass spectrometry technique. The results 

obtained would be compared with some values reported in some literature and also somestandard 

values to know whether the amount of the PTE in the infusion could be toxic at normal doses usually 

consumed as drinks. 

 

MATERIALS AND METHODS 

Apparatus and Reagents 

An Agilent 7700x ICP-MS instrument (Agilent Technologies, UK Ltd., Wokingham, Berkshire, UK) 

with an ASX-500 series autosampler was used to measure the concentrations of the analytes. A 1 mg/l 

indium (115In) solution was used as the internal standard. Internal standards are used to correct for 

instrument drift or matrix effects due to gradient elution.Multi element reagent matched calibration 

solutions were prepared by serial dilution of 10 mg/l Agilent technologies multi element calibration 
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standardsolutions (Agilent technologies UK Ltd., Wokingham, Berkshire, UK).The digestion was 

carried outin aMARS Xpress microwave digestion system (CEM Microwave Technology Ltd., 

Buckingham, UK).All reagents were obtained from Sigma-Aldrich, Gillingham, UK.All the 

glasswareand plastic vessels were soaked in 5%(v/v) HNO3for 24 hours and then rinsed with distilled 

water before the use. 

 

Sample and sample preparation 

Eleven (11) different brands of herbal teas commercially available (both local and imported) were 

purchased from different shops in Kano, Nigeria. They were all in form of tea bags and were coded 

HT1 to HT11.  

To prepare the tea infusion, 1 tea bag of each tea samplewas placed into a glass beaker, and 100 mL 

of boiling deionized waterwas added, the sample was left at room temperature for 5 min.The 

supernatant was then separated by filtering through filter paper(Whatman no. 42). A 5.0 mLof this 

solution was transferredinto a high pressure vessel, and 3.0 mL of concentrated HNO3 was added.The 

pressure vessels containing the digestion mixture were closed and placedon the rotating turntable of 

the MARS 5 microwave digestion system and digested using the following program: operating 

temperature 1600C, power 1600 watts, ramp time 10 minutes and 20 minutes holding time. The vessels 

and the contents were allowed to cool and the digested samples were filtered (Fisher brand FB 59023) 

into 100 mL volumetric flasks and were washed several times with distilled water, the filtrates were 

made up to mark. These solutions were kept in a polyethylene bottles at 40C prior to ICP-MS analysis. 

 

RESULTS AND DISCUSSION 

The results of concentrations of PTE in 11herbal tea infusions studied in this work are shown in Table 

1. The results indicated that Mn has the highest mean concentration (72.9 μg/100mL) while Cd has 

the lowest mean concentration (0.020 μg/100mL). 

 

Arsenic: Arsenic is a mutagenic and carcinogenic element and highly toxic to plants and animals (Pais 

& Jones, 1997). In this work As levels in the herbal fusions ranged widely between 0.019 and 0.218 

μg/100mLwith a mean concentration of 0.135 μg/100mL while it was not detected in two of the 

samples. These results are higher than results obtained in previous studyin which the concentrations 

of As in oolong tea(n=18) and black tea infusion (n=15) were 0.005 μg/Land0.007 μg/L respectively 

(Shen and Chen, 2008). However the result of this work is in agreement with the result obtained in 

some herbal teas from Thailand (Nookabkaewet al., 2006). 

 

Cadmium:Cd has been labelled as a human carcinogen(Waalkes, 2000), and normally enters into the 

environment through the application of phosphate fertilisers. In the present work Cd has the lowest 

concentration in the herbal infusions and this is in agreement with what is in the existing literature 

which shows that Cd in tea infusion was generally low. Our result (0.001-0.051µg/100mL) is 

comparable with the one obtained by Shen and Chen (2008) in which they reported the concentrations 

of Cd in 18 samples of oolong teaand 15 samples of black teaas 0.005 and 0.06µg/100mL respectively 

while no Cd was detected in 15 samples of green tea.Nookabkaewet al. (2006) reported a higher 

concentration of 0.1025-2.307µg/100mL in some herbal tea infusions. 
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Chromium: this is an essential element for both plants and animals but at higher concentrations can 

be harmful to human beings.The concentrations of Cr in the samples were found to vary widely from 

0.066 to 4.762µg/100mL with an average concentration of 0.605µg/100mL. Seenivasan et al. (2008) 

reported a much higher concentrations of 0.04 to 0.42 mg/L of Cr in black tea infusion when infused 

for 6 min this may be due to longer infusion time. 

 

Copper: Cu is a micronutrient for plants, but it is also highlyphytotoxic at high concentrations(Brun 

et al., 2001) and when taken by humans can be harmful. Our result (average concentration of 

10.9µg/100mL) is comparable to those obtained by Gallaheret al. (2006) in whichthey reported an 

average concentration of 0.05± 0.003mg/L. 

 

Iron: When taken in excess, iron can results in haematochromatosis, siderosis, and liver damage. The 

concentration of Fe in the infusions range between 5.67-141.68µg/100mL, this result is similar to the 

one reported by Nookabkaew et al. (2006). 

 

Manganese: Mn is an essential element to both plants and animals. Itsdeficiencyin humans results in 

skeletal and cartilage deformities, while in excess it can lead to liver cirrhosis, manganism and 

neurological disorders. Manganese is found to have the highest concentration (52.3-108.8µg/100mL) 

among all the elements studied. This result is in agreement with some previous researches which 

indicated that Mn is the only element with a significant dietary amount in tea (Street et al., 2006; 

Nookabkaew et al., 2006). This high concentration of manganese in tea may not be unconnected with 

fact that Manganese is one of the most abundant trace elements in the lithosphere. 

 

Nickel:Ni is an essential element for animals and beneficial for plants but at high concentration 

mayleads to gastric, liver and kidney defects, neurological effects, and emphysema and lung cancer 

in humans.The Ni content in infusions was in the range 1.58-14.3µg/100mL and this is much higher 

than the result reported by Nookabkaewet al., (2006) of some sample of herbal teas from Thailand. 

 

Lead: Pb is a non-essential element to both plants and animals and a well-known harmfulelement to 

human and other organisms. The concentration of Pb in this work ranges from 0.031-0.810µg/100mL 

and is lower than what was obtained in some studies (Nookabkaewet al., 2006). 

 

Zinc: Zinc an essential element for humans, animals and plants.Itsdeficiency leads to anorexia, 

anemia, impaired keratosis and teratogenic effects. The concentration of Zn determined in herbal tea 

infusions was in the range of 12.6-41.4µg/100mL.Comparing with values described in the literature, 

our result ishigher to those reported by Nookabkaew et al., (2006). 
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Table 1Concentrations of PTE in Herbal Tea Infusions (μg/100mL) 

ND- not detected 

 

Daily dietary intake 

Since no standard limit of PTE has been set for tea infusions, the daily PTE intake from the 

consumption of different herbal tea was calculated to evaluate their potential risk to human health. 

This is shown in Table 2 and these calculated amounts are based on the concentrations of elements in 

the infusion and the assumption that the average consumption of herbal teas for a single person is 

three cups a day (100 mL per cup) with one tea bag of 2 g each, that is, 6 g, of herbal tea per day. These 

calculated daily PTE intakes were compared with recommended dietary allowance (RDAs) shown in 

Table 3. The concentrations of all elements in all the herbal tea infusions in this study for daily intake 

are below these RDAs and therefore consumption of these herbal teas can be considered safe. 

 
Table 2 Calculated PTE intake for the various herbal tea infusions (mg/day) a 

Sample  As Cd Cr Cu Fe Mn Ni Pb Zn 

HT1 ND 0.000 0.000 0.008 0.017 0.223 0.005 0.001 0.038 

HT2 0.001 0.000 0.000 0.023 0.029 0.184 0.023 0.000 0.078 

HT3 0.001 0.000 0.000 0.015 0.030 0.168 0.010 0.002 0.057 

HT4 0.001 0.000 0.001 0.048 0.425 0.327 0.009 0.001 0.105 

HT5 0.000 0.000 0.001 0.056 0.034 0.262 0.043 0.001 0.090 

HT6 0.001 0.000 0.000 0.030 0.038 0.157 0.021 0.001 0.080 

HT7 0.000 0.000 0.001 0.043 0.035 0.172 0.015 0.001 0.109 

HT8 0.001 0.000 0.001 0.074 0.391 0.245 0.025 0.001 0.118 

HT9 ND 0.000 0.014 0.02 0.058 0.232 0.021 0.001 0.071 

HT10 0.000 0.000 0.000 0.011 0.042 0.232 0.011 0.002 0.053 

HT11 0.000 0.000 0.001 0.031 0.041 0.205 0.025 0.001 0.124 

aThree cups/day (one cup of infusion is prepared from 2 g or one bag of tea in 100 mL of hot deionized water). 

 

 

 

Sample 

code As Cd Cr Cu Fe Mn Ni Pb Zn 

HT1 ND 0.004±0.001 0.066±0.032 2.82±0.292 5.67±0.586 74.2±6.78 1.58±0.145 0.304±0.082 12.6±0.872 

HT2 0.149±0.005 0.001±0.001 0.135±0.022 7.71±0.763 9.51±0.382 61.5±3.04 7.63±0.320 0.031±0.002 26.0±1.19 

HT3 0.205±0.081 0.020±0.002 0.069±0.014 5.16±0.282 10.1±0.471 55.9±3.76 3.21±0.169 0.810±0.513 19.0±0.742 

HT4 0.218±0.012 0.013±0.002 0.381±0.012 16.1±0.888 141.6±5.38 108.8±5.97 3.04±0.099 0.424±0.015 35.1±1.01 

HT5 0.086±0.019 0.010±0.001 0.214±0.013 18.5±0.204 11.2±2.09 87.2±3.97 14.3±0.484 0.174±0.002 29.8±0.423 

HT6 0.193±0..034 0.028±0.002 0.124±0.010 10.1±0.439 12.8±1.16 52.3±2.83 7.02±0.320 0.212±0.005 26.5±1.72 

HT7 0.075±0.006 0.046±0.002 0.161±0.015 14.4±0.267 11.5±0.553 57.2±0.966 4.83±0.085 0.345±0.013 36.3±0.539 

HT8 0.218±0.008 0.017±0.000 0.408±0.002 24.8±0.587 130.3±2.61 81.7±1.46 8.33±0.175 0.396±0.011 39.5±0.502 

HT9 ND 0.051±0.004 4.762±0.21 6.69±0.257 19.4±0.240 77.2±3.89 6.92±0.279 0.258±0.011 23.6±0.810 

HT10 0.049±0.006 0.018±0.001 0.149±0.006 3.76±0.105 14.0±0.437 77.5±2.97 3.70±0.211 0.648±0.023 17.5±0.309 

HT11 0.019±0.013 0.012±0.001 0.184±0.016 10.3±0.285 13.5±0.738 68.3±4.17 8.44±0.400 0.212±0.027 41.4±1.47 

Mean 0.135 0.020 0.605 10.9 34.5 72.9 6.28 0.347 28.0 

Std dev. 0.078 0.016 1.38 6.84 50.33 16.5 3.57 0.221 9.43 

Max 0.218 0.051 4.762 24.8 141.6 108.8 14.3 0.810 41.4 

Min 0.019 0.001 0.066 2.82 5.67 52.3 1.58 0.031 12.6 
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Table 3 Recommended dietary allowance (RDAs) for some PTE 

Element  Estimated dietary intake(mg/day) 

As 0.1050-0.4060b 

Cd 0.0084-0.0147b 

Cu 0.700-0.900a 

Fe 8-18a 

Mn 1.6-2.3a 

Pb 0.0070-0.0126b 

Zn 8-11a 

aRecommended dietary allowance (RDAs)/adequate daily dietary intake (www.nap.edu). bEstimated dietary intakes based 

on 70 kg body weight (Committee on Toxicity, 2003). 

 

CONCLUSION 

From this present work, it can be concluded that the herbal teas widely consumed in Kano contained 

a variety of PTE in a widerange. The concentrations of all the PTE studied are below the 

recommended dietary allowance in the herbal tea infusions which makes these herbal teas safe for 

normal consumption as beverages. However despite the fact that the daily intakes of these PTE from 

herbaltea infusions in this work are below the standard limitsand may not constitute a health danger, 

it is veryimportant todetermine the presence of these elements in the herbal teas been consumed, this 

is to evade overconsumption and their cumulativetoxicities in long-term use. 
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