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ABSTRACT
Black tea and coffee are popular and widely consumed beverages 
worldwide. However, the potential accumulation of heavy metals in 
food products raises concerns regarding their toxicity. In this study, 
we investigated the concentrations of arsenic (As), cadmium (Cd), 
copper (Cu), chromium (Cr), lead (Pb), manganese (Mn), zinc (Zn), 
and iron (Fe) in 102 samples of black tea and coffee purchased from 
Erbil city market in Iraq. Additionally, we determined the Hazard 
Quotient (HQ) and Hazard Index (HI) levels of heavy metal intake to 
evaluate the non-carcinogenic health risks for adult consumers. The 
mean concentrations of As, Cd, Cu, Cr, Pb, Mn, Zn, and Fe in black 
tea and coffee were found to be 0.023, 0.11, 10.29, 0.60, 1.69, 
294.99, 25.59, and 39.80 mg/kg, respectively. In the case of black 
tea, the highest mean concentration observed was 607.28 mg/kg 
for Mn, while the lowest was 0.035 mg/kg for Cd in coffee. Arsenic 
was below the detection limit in coffee. Our results revealed that, 
except for Cd content in some tea samples, the concentrations of 
the studied metals were within the standard levels. The HQ and HI 
values for all elements were found to be less than one, indicating no 
adverse health effects associated with consuming these beverages. 
However, continuous monitoring is essential to ensure the ongoing 
safety of black tea and coffee.
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1. Introduction

Tea and coffee are two of the most widely consumed and significant beverages all 
over the world [1]. Tea, derived from the leaves of Camellia sinensis, has experienced 
a steady growth rate of more than 1.8% per year over the past decades [2]. In Iraq, 
the average per capita consumption of black tea stands at approximately 11.4 kg 
per year, with the country relying entirely on imports [3]. Among the various tea 
categories, black tea is the most commonly consumed variety in the Middle East. The 
leading tea-producing countries are China, India, Kenya, and Sri Lanka, respectively 
[4]. Numerous studies have highlighted the positive effects of tea consumption on 
human health [5–7]. Black tea contains a range of bioactive components, including 
dietary flavonoids, polyphenols, amino acids, tannic acid, minerals, and trace 
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elements. Moreover, its consumption has been associated with a reduced risk of 
cardiovascular diseases, cancer, immune disorders, high blood pressure, stroke, blood 
cholesterol, and blood glucose levels [8]. Additionally, black tea represents 
a significant source of potassium, chromium, manganese, bromine, selenium, stron-
tium, zinc, and copper [9].

Coffee, another globally popular beverage, is estimated to be consumed in 500 billion 
cups annually [10]. Coffee has held a significant place in social life for hundreds of years. 
Many individuals consume coffee for its energy-boosting properties and to enhance work 
performance. Previous studies have also suggested potential health benefits, such as 
contributing to the prevention of inflammatory and oxidative stress-related diseases, type 
2 diabetes, and a reduced risk of certain types of cancer [11,12]. Coffee comprises 
a complex mixture of chemicals, including carbohydrates, lipids, nitrogenous compounds, 
vitamins, minerals, isoflavonoids, and other trace ingredients. The composition of these 
components can vary based on the variety, origin, and processing methods of the coffee 
beans [13]. Caffeine, a primary component of coffee, has been shown to alleviate the 
burden of Alzheimer’s and Parkinson’s diseases [14].

However, the potential benefits of consuming black tea and coffee may be compro-
mised by the presence of toxic substances, such as heavy metals. These substances can 
accumulate in the plants used to produce black tea and coffee through contaminated soil 
or during storage and processing [15].

Therefore, the metal content in a cup of tea or coffee is directly related to the level of 
contaminants in the raw materials and the steps involved in processing them. Cadmium 
(Cd), lead (Pb), arsenic (As), and chromium (Cr) are among the most toxic elements and 
major public health concerns [16]. In Iraq, Alwan [3] reported the contamination of tea 
powders and infusions with Cd and Pb. Guadalupe et al. [17] also quantitatively determined 
the content of As, Cd, Hg, and Pb in Peruvian coffee and found that the metals are within 
acceptable levels. Most heavy metal exposure occurs through the food chain, and the 
absorption and bioaccumulation of these toxic metals in the body can lead to a wide range 
of health issues. Lead toxicity, for instance, can cause damage to various systems in the 
human body, particularly the nervous, haematopoietic, cardiovascular, and reproductive 
systems, with long-term effects including kidney and brain damage [18]. Arsenic has been 
linked to adverse effects on metabolic, cardiovascular, and immune functions, as well as an 
increased risk of skin, lung, and urinary bladder cancers [19]. Cadmium, another widespread 
toxic metal in the environment, can induce renal disturbances, lung insufficiency, bone 
lesions, cancer, and hypertension depending on the route, dose, and duration of exposure 
[20]. Chromium is a crucial trace element involved in glucose, protein, and fat metabolism, 
but excessive absorption can lead to kidney stones, asthma, lung cancer, skin diseases, liver 
problems, and heart issues [21]. In addition, the excess intake of other metals including 
copper (Cu), manganese (Mn), zinc (Zn), and iron (Fe) can be harmful for human.

Considering the popularity of coffee and tea in Iraq and the importance of ensuring 
consumer health and safety, it is necessary to evaluate the levels of heavy metals in these 
products and assess the associated health risks. Therefore, the aim of this study was to 
investigate the concentrations of As, Cd, Cu, Cr, Pb, Hg, Mn, Zn, and Fe in a total of 102 
black tea and coffee samples obtained from retail markets in Erbil, Iraq, using atomic 
absorption spectrometry. Additionally, the Hazard Quotient (HQ) and Hazard Index (HI) 
was calculated to assess the potential health risks posed by these metals.
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2. Materials and methods

2.1. Sampling

The present cross-sectional study was conducted on a total of 102 samples, including 60 
black tea and 42 coffee from various brands available in local markets of Erbil, Iraq in 2023. 
The collected samples represent the major brands on the market. The samples were 
coded and preserved at room temperature until further analysis.

2.2. Preparation

Before initiating the test, the samples were heated in an 80°C oven for 60 minutes until 
a constant weight was reached. A digital scale with an accuracy of 0.0001 was used to 
weigh 0.5 grams of each dried powder sample. The weighed sample was then added to 
a Teflon digestion vessel (Mettler Toledo s.p.a., Novate Milanese, Milan, Italy) along with 8  
mL of concentrated nitric acid (HNO3) and 2 mL of hydrogen peroxide (H2O2). To ensure 
no leakage or loss of volatile components during the digestion process, the vessel was 
tightly sealed. The digestion vessels containing the tea and coffee samples were shaken 
and placed in a microwave oven (Ethos-One; Milestone s.r.l. Sorisole, Bergamo, Italy). The 
digestion programme was initiated by increasing the temperature to 200°C over 10  
minutes and maintaining it at 200°C for 20 minutes. The maximum power was set at 
1000 W. Once the digestion process was completed, the vessels were allowed to cool 
down to a safe temperature, and the pressure was released. The resulting solutions were 
transferred to 50 mL volumetric flasks and diluted with deionised water to the marked 
volume. Finally, the samples were stored at 4°C until analysis. The concentration of As, Cd, 
Cu, Cr, Pb, Hg, Mn, Zn, and Fe in the prepared samples was measured using inductively 
coupled plasma-optical emission spectrometry (ICP-OES) device. The cleaning of vessels 
was performed by adding 8 mL of concentrated HNO3 to the vessels and placing them in 
the microwave oven set to 1000 W for 10 minutes. Afterwards, the vessels were allowed to 
cool for 20 minutes without any power.

2.3. Chemicals and reagents

All standard solutions for were purchased from Merck (Darmstadt, Germany). Nitric acid 
(HNO3, 65%) and hydrogen peroxide (H2O2, 30%) obtained from Merck (Darmstadt, 
Germany) were used for sample digestion. Deionised water was used throughout the 
study.

3. Inductively coupled plasma optical emission spectrometry (ICP-OES)

The quantitative analysis of heavy metals in each sample was conducted using ICP-OES 
with a flared end EOP Torch (2.5 mm). The optimal operating parameters were as follows: 
an RF generator power of 1400 W, high purity argon gas for plasma and nebuliser, and 
a flow rate of 14.50 L/min for plasma, 0.90 L/min for auxiliary gas, and 0.85 L/min for 
nebuliser gas. The initial stabilisation time, rinse time, and sample uptake time were 45  
seconds each. There was no delay time or time between replicate analyses. The 

INTERNATIONAL JOURNAL OF ENVIRONMENTAL ANALYTICAL CHEMISTRY 3



experiment was performed in triplicate, and the RF generator operated at a constant 
frequency of 27.12 MHz. The solid state was cyclonic, the detector was a Charge Coupled 
Device (CCD), and the spray chamber was a modified Lichte. Sample delivery was 
facilitated by a computer-controlled precision peristaltic pump with four channels, ensur-
ing accurate sample flows. The prewash pump operated at a speed of 60 rpm for 15  
seconds, while the sample injection pump operated at a speed of 30 rpm for 45 seconds.

4. Validation of the analytical method

The limits of detection (LOD) and limits of quantification (LOQ) of the ICP-OES method for 
all elements were calculated. Stock standard solutions for calibration were prepared at 
three different concentrations (100, 500, and 1000 ppm). The matrix effects were evalu-
ated by adding the standard stock solutions to 10 mL of blank samples. After preparation, 
the solution was mixed for one minute and then analysed using the ICP-OES technique to 
eliminate the matrix effects. Furthermore, correlation coefficients and calibration equa-
tions were determined. The relative standard deviations (%), LODs, and LOQs (mg/kg) 
determined by ICP-OES analysis are presented in Table 1. The recoveries for all studied 
elements ranged between 96.2% and 101.9%. All measurements were performed in 
triplicate.

4.1. Risk assessment

In the current study, we assessed the risk of exposure to As, Cd, Cu, Cr, Pb, Hg, Mn, Zn, and 
Fe through the consumption of black tea and coffee. To estimate the risk, we utilised the 
estimated daily intake (EDI), HQ, and HI. The EDI was calculated using the following 
equation [22]:

EDI = C × IR/BW × 1000
Where C represents the concentration of each metal (mg/kg), and IR is the ingestion 

rate (g/person/day). Based on a previous study, the ingestion rate of black tea and coffee 
was assumed to be 11.4 g/person/day and 5 g/person/day for adults, respectively. 
Additionally, BW represents the average weight of consumers, which was taken as 70  
kg. The risk of non-carcinogenic effects associated with heavy metal ingestion in the 
collected samples was calculated using the HQ as follows [23,24].

HQ = EDI/RfD

Table 1. Method validation parameters obtained by ICP-OES analysis in tea and coffee 
samples.

Element Wavelength (nm) LOD (mg/kg) LOQ (mg/kg) R2

As 189.042 0.00358 0.01074 0.99
Cd 228.802 0.00098 0.00294 0.99
Cu 324.754 0.00612 0.01836 0.99
Cr 267.716 0.00920 0.0276 0.99
Pb 283.305 0.04332 0.12996 0.99
Mn 257.611 0.00132 0.00396 0.99
Zn 206.198 0.00540 0.0162 0.99
Fe 259.941 0.00320 0.0096 0.99
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In the above equation, RfD is the acceptable daily reference dose (mg/kg/day). The RfD 
values for As, Cd, Cu, Cr, Pb, Mn, Zn, and Fe are 0.0003, 0.001, 0.04, 0.003, 0.0035, 0.14, 0.3, 
and 0.7 mg/kg/day, respectively [25,26]. When the Hazard Quotient is ≤ 1, the non- 
carcinogenic human health risks are not considered significant. However, if the HQ is >  
1, it indicates a significant non-carcinogenic health risk. Additionally, the Hazard Index, 
which assesses the potential non-carcinogenic effects of multiple elements on human 
health, is evaluated using the following equation [27]:

HI = HQ1 +HQ2 +HQ3+ . . . +HQn

If the HI value is ≤ 1, the health risk is considered unlikely. However, if the HI exceeds 1, 
it indicates that the exposed consumers are at considerable health risk.

5. Data analysis

The analysis of data was performed using SPSS software, version 20 (SPSS Inc., Chicago, IL, 
USA). In this analysis, p value <0.05 were considered statistically significant. The data were 
reported as mean ± standard deviation.

6. Results and discussion

6.1. The concentration of PTEs

The mean concentration and standard deviation of the heavy metals, including As, Cd, Cu, 
Cr, Pb, Hg, Mn, Zn, and Fe, in black tea and coffee brands collected from different markets 
in the Erbil city, are shown in Tables 2. The concentration of As, Cd, Cu, Cr, Pb, Mn, Zn, and 
Fe in black tea samples was found to range from not detected (ND) to 0.11, ND to 0.4, 3.46 
to 15.82, ND to 3.65, 0.3 to 4.04, 129.52 to 607.28, 10.42 to 58.92, and 9.14 to 72.26 mg/kg, 
respectively. The concentration range of Cd, Cu, Cr, Pb, Mn, Zn, and Fe detected in coffee 
samples was ND to 0.08, 0.1 to 13.2, ND to 1.92, 0.02 to 1.62, 0.74 to 16.88, ND to 8.18, and 
1.5 to 36.88 mg/kg, respectively. However, the concentration of As in coffee was below 
the detection limits.

Heavy metals are commonly present in the environment, and their concentration can 
be influenced by human activities. These elements may enter the soil from various sources 
and accumulate in plants. Previous studies have indicated that high levels of heavy metals 
in black tea and coffee, as well as their absorption into the human body, can lead to 
poisoning and pose various health problems. To determine the safety of analysed sam-
ples, the results were compared to the recommended standards and other conducted 
studies in plants.

Evaluating black tea and coffee samples is crucial for ensuring human safety due to 
their extensive global consumption. For instance, some metals such as Fe, Cu, and Zn are 
essential for the body in certain levels, while toxic metals such as As, Cd, Pb, and Cr can be 
harmful. As is a toxic element, and its chronic ingestion can cause many adverse health 
effects [28]. Among the 102 analysed samples of tea and coffee, the presence of As was 
found only in some tea samples, with concentrations ranging from N.D to 0.11 ± 0.02 mg/ 
kg, which was lower than the maximum permissible level (0.5 mg/kg) [29]. Similarly, 
Naghipour et al. [30] examined the concentration of trace elements in various kinds of 
tea available in the North of Iran. They reported that the concentration of As in black tea 
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was in the range of 0.03 to 0.1 mg/kg. Contrary to our findings, Voica et al. [31] reported 
a mean concentration of 0.05 mg/kg in collected coffee samples.

Among the 60 analysed samples of black tea, 8 samples (13%) had cadmium levels 
slightly exceeding the permitted limit set by the World Health Organization (WHO) at 0.3  
mg/kg [29]. The maximum level of Cd in the current study was higher than the measured 
values in black tea in Pakistan and Saudi Arabia [32,33]. On the other hand, the range of 
Cd in all the coffee samples was within the allowable levels. In accordance with our 
findings, a study by Adler et al. [34] showed that the content of Cd varied from 0.011 mg/ 
kg to 0.022 mg/kg in roasted coffee. Another study by Grembecka et al. [35], reported that 
the cadmium content in coffee samples originated from Africa, America, and Asia was 
below the level of detection.

Pb is considered a toxic environmental pollutant, and its toxicity in humans has been 
associated with mental impairment, behavioural abnormalities, seizures, and other health 
problems. This metal can accumulate in tea leaves and coffee, raising concerns for 
consumers [36]. The analytical data revealed that all samples contained a low level of 
Pb, ranging from 0.02 to 4.04 mg/kg. These values were below the WHO permitted limit of 
10 mg/kg [29]. Our Pb results were in line with the study by Kowalska [15], who evaluated 
the amount of some heavy metals in tea and coffee samples in the Polish market. They 
found that the concentrations of Pb in analysed samples ranged from 0.010 mg/kg to 
0.791 mg/kg. These results were lower than those published by Nogaim et al. [37], and 
Zazouli et al. [38]. Lower levels were reported by Vezzulli et al. [39] (<LOQ to 0.4 mg/kg) for 
coffee, and Pourramezani et al. [40] (0.21 mg/kg) for Indian tea.

Cu and Zn are important non-protein trace elements that play significant roles in 
biological systems and living organisms [41]. However, excessive intake of these elements 
can lead to various problems such as kidney and liver damage, inflammation, and 
oxidative stress [42]. The measured levels of Cu in the black tea samples ranged from 
3.46 to 15.82 mg/kg, while the range for coffee samples was 0.1 to 13.2 mg/kg. The mean 
concentration of Zn in the analysed samples of black tea and coffee was 25.59 ± 2.06 and 
4.37 ± 0.04 mg/kg, respectively. The highest levels of Cu and Zn were found in black tea. 
A study on Chinese and Indian black tea brands also reported higher Cu and Zn levels 
(10.15 ± 3.13 mg/kg for Cu and 27.90 ± 5.60 mg/kg for Zn) compared to the our find-
ings [43].

Cr is another essential mineral necessary for the growth and metabolism of lipids and 
glucose. However, exposure to high levels of Cr can have adverse effects on human health 
[44]. In the black tea and coffee samples, Cr was detected in 45% and 50% of the tested 
samples, with maximum contents of 3.65 ± 0.2 and 1.92 ± 0.08, respectively. Similarly, 
a conducted survey by Zhong et al. [45] on Chinese tea in 2015 illustrated that the 
amount of Cr was below the maximum residue limit (5 mg/kg). While the content of Cr 
was not detected in coffee from different countries [46,47].

Mn and Fe were found to be the most abundant metals in black tea and coffee, 
respectively. Mn is involved in the activation of many enzymes and is required for glucose 
and lipid metabolism, while Fe is essential for various metabolic reactions in the body 
[48,49]. Despite mentioned benefits, high doses of Mn and Fe can lead to side effects in 
humans [50,51]. The concentrations of Mn and Fe in black tea samples varied from 129.52 
to 607.28 mg/kg and 9.14 to 72.26 mg/kg, respectively. These results were lower than the 
values reported in a study by Dambiec et al. [52], which noted relatively high 
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concentrations of Mn and Fe in dry tea material. In coffee samples, Mn and Fe concentra-
tions ranged from 0.74 to 16.88 mg/kg and 1.5 to 36.88 mg/kg, respectively. The Mn and 
Fe levels found in this study were lower than those reported in coffee analysed in Algeria 
[53], and Brazil [54], while other studies reported lower values of these metals in various 
types of coffee [35].

The differences in findings are due to the difference in plant origin, soil properties, 
processing, and other environmental conditions [55]. In addition, the use of fertilisers and 
pesticides during cultivation may be significant contributors to the content of heavy 
metals in plants [56]. The use of the fermentation process to produce black tea seems to 
be effective in increasing its trace metal content [57]. It has been previously demonstrated 
that the type of coffee (raw or roasted), species, brewing methods, and other processing 
conditions affect the levels of metals in the resulting coffee [58].

The EDI of all investigated metals through the consumption of black tea and 
coffee is summarised in Tables 3 and 4. The highest EDI value was shown by Mn in 
both tea and coffee. According to the results, the EDI values for all elements were 
below the oral reference dose (RfD) in the collected samples, and therefore, do not 
seem to pose a health risk. The HQ level of elements in black tea showed the 
following order: Mn > Pb > Cu > Cr > Cd > As > Zn > Fe, while in coffee, it was 
ranked as follows: Cr > Cu > Pb > Mn > Cd > Fe > Zn. All beverages had HQ values 
less than one, which indicates no potential health effects for Iraqi consumers (Tables 
3 and 4). Additionally, we found that the HQ of all metals in black tea was higher 
compared to coffee. The HI, which expresses the combined non-carcinogenic effects 
of the investigated heavy metals in black tea and coffee, was calculated as 0.52 and 
0.04, respectively. Furthermore, HI values of less than one indicate that there are no 
significant health risks related to our samples. Similar results were also obtained in 

Table 3. Calculation of ADI and HQ for heavy metals in black tea 
samples.

Heavy metal ADI (mg kg−1day−1) HQ

As 3.74 × 10−6 1.2 × 10−2

Cd 1.79 × 10−5 1.7 × 10−2

Cu 1.6 × 10−3 4 × 10−2

Cr 9.7 × 10−5 3 × 10−2

Pb 2.75 × 10−4 7 × 10−2

Mn 4.8 × 10−2 34 × 10−2

Zn 4.1 × 10−3 1 × 10−2

Fe 6.3 × 10−3 1 × 10−3

Table 4. Calculation of ADI and HQ for heavy metals in coffee 
samples.

Heavy metal ADI (mg kg−1day−1) HQ

As
Cd 2.5 × 10−6 2.5 × 10−3

Cu 4.4 × 10−4 1.1 × 10−2

Cr 4.3 × 10−5 1.4 × 10−2

Pb 3.6 × 10−5 1 × 10−2

Mn 7.07 × 10−4 5 × 10−3

Zn 3.12 × 10−4 1 × 10−3

Fe 1.3 × 10−3 1.8 × 10−3
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a previous study [59], which reported an HQ value < 1 for Cd, Pb, As, Cu and HI less 
than one in imported black tea for Iranian consumers. In another study by 
Taghizadeh et al. [60] on coffee and tea, the amounts of HQ and HI for As, Cd, Cr, 
Cu, Fe, Hg, Ni, and Pb were below the value of 1.0, which is consistent with the 
present study.

7. Conclusion

The findings of the current study illustrated that the concentration of most heavy metals 
in black tea and coffee samples from the Erbil markets was within allowable levels. Only in 
8 black tea samples, Cd was slightly higher than the standard. Calculations of HQ and HI 
values for the studied metals showed that consuming these beverages poses no signifi-
cant non-carcinogenic health risks. However, due to the increasing sources of toxic 
contaminants, continuous monitoring of such toxic elements and the development of 
domestic guidelines to ensure consumer safety are recommended.
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