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Abstract

Introduct ion:  The contamination of food products with heavy metals is a 
significant global health concern due to their high toxicity and ability to bioac-
cumulate in vital organs, potentially leading to serious physiological disruptions. 
Instant coffee, as a widely consumed beverage, may serve as an underexplored 
source of exposure to these toxic elements.

Aim:  The objective of study was to quantitatively assess the levels of cadmium, 
lead, nickel, zinc, arsenic, and chromium in different types of instant coffee beve-
rages, including 3-in-1, 2-in-1, and cappuccino products, and to identify factors 
differentiating their content across various product categories. Additionally, ha-
zard quotient and hazard index values were calculated for the selected metals to 
evaluate potential health risks.

Mater ia l  and  methods :  50 samples of instant coffee beverages were analyzed 
and categorized based on soluble coffee content, manufacturer, and country of origin. 
Zinc, arsenic, chromium, and nickel concentrations were determined using induc-
tively coupled plasma optical emission spectrometry, while cadmium and lead were 
quantified using electrothermal atomic absorption spectrometry.

Resul t s  and  d i scuss ion:  Lead concentrations were found to be below the 
limit of quantification in all samples, and cadmium and arsenic were detected in 
only one sample. The non-cancer health risk assessment associated with heavy 
metal exposure suggested minimal risk for adult consumers.

Conc lus ions :  Although the immediate health risks are negligible, continuous 
improvement in monitoring systems and the implementation of advanced tech-
nologies are essential to further reduce the presence of heavy metals in food pro-
ducts. Sustained investment in research and technological innovations is critical 
for ensuring long-term food safety and protecting public health on a global scale.
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1. INTRODUCTION

The contamination of food with heavy metals represents 
a significant global public health concern, particularly in 
regions where agricultural pollution is prevalent. It is esti-
mated that over 13% of the world's arable land, representing 
approximately 0.24 billion hectares, and 40% of the world's 
freshwater bodies are contaminated with heavy metals. The 
most commonly occurring contaminants are cadmium (Cd), 
copper (Cu), zinc (Zn), nickel (Ni), cobalt (Co), chromium 
(Cr), lead (Pb) and arsenic (As). These are often the result of 
the excessive use of phosphate fertilisers and inadequate irri-
gation practices.1 Even at trace levels, heavy metals have the 
potential to bioaccumulate in human tissues, which can lead 
to nephrotoxicity, neurotoxicity and an increased risk of car-
cinogenesis.1–6 The European Food Safety Authority (EFSA) 
and the World Health Organisation (WHO) have established 
stringent limits for heavy metals in food, particularly for 
lead, cadmium, mercury and arsenic, due to their well-docu-
mented toxic effects, including carcinogenic and neurotoxic 
effects. It is imperative to comply with these limits in order 
to minimise the health risks associated with heavy metal 
exposure.7–9 However, the acceptable levels of heavy metals 
vary depending on the specific element and food category. 
Furthermore, it is important to note that not all toxic metals 
and foods have established regulatory limits. Additionally, 
our daily diets are diverse, and we are continuously exposed 
to a wide range of external factors that may contribute to the 
intake of toxic elements from multiple sources.

Coffee, one of the most widely consumed beverages 
globally, exhibits notable geographical variations in con-
sumption patterns. In Poland, 95.2% of adults report regu-
lar coffee consumption, a figure that is significantly higher 
than in Italy (61%) and Spain (78%).10 This places Poland 
among the foremost coffee-consuming countries in Europe. 
Instant coffee is the preferred choice among Polish consum-
ers, largely due to its convenience and rapid preparation. 
Although ground coffee is often perceived as more natural, 
instant coffee remains popular due to its higher average caf-
feine content (approximately 60 mg per teaspoon) and poly-
phenol concentration (approximately 61 mg/g) compared to 
ground coffee, which contains approximately 40 mg per tea-
spoon of caffeine and 19 mg/g of polyphenols.11,12 It is impor-
tant to note, however, that these levels can vary depending 
on factors such as the coffee bean variety, processing meth-
ods and brewing techniques. The current research indicates 
that the caffeine content of coffee varies depending on the 
brewing method. Espresso is found to have a higher concen-
tration of caffeine (approximately 75 mg per serving), while 
Americano and cappuccino, prepared with espresso, have a 
higher caffeine content (94–166 mg). Instant coffee contains 
approximately 64 mg of caffeine per 160 mL. Ground coffee 
brewed at home has the lowest caffeine content, averaging 
23 mg per 160 mL.13 Additionally, instant coffee typically 
contains higher concentrations of minerals such as calcium, 
magnesium, zinc, iron, manganese, aluminium, chromium 
and nickel, largely due to the methods used to produce it.11 

Variability in mineral content can occur between brands 
and regions, making regular monitoring and analysis essen-
tial to ensure product safety.

Coffee plants are capable of absorbing heavy metals 
from contaminated soil, which can then accumulate in the 
beans. Although metal concentrations in coffee beans are 
typically lower than in other plant parts, they may still pose 
a potential risk to consumers. Chronic exposure to heavy 
metals through coffee consumption has been linked to neu-
rological damage, liver dysfunction, and an increased risk 
of mutagenesis and carcinogenesis.14–16 The bioavailability 
and accumulation of these metals in plants are influenced by 
various factors, including soil pH, organic matter content, 
and soil texture.16

Plants have evolved a variety of defence mechanisms to 
mitigate the toxicity of heavy metals, including the production 
of thiol-containing compounds such as glutathione (GSH) 
and cysteine (Cys). These compounds function as chelators 
for toxic metals, thereby facilitating the detoxification process. 
GSH functions as a precursor for the synthesis of phytochela-
tins, which play a crucial role in detoxification, particularly 
in response to metals such as cadmium and nickel.17–19 How-
ever, prolonged exposure to even low concentrations of heavy 
metals can exceed a plant's ability to detoxify these elements. 
Furthermore, natural antioxidants, including polyphenols, 
melatonin, carotenoids, quercetin, resveratrol, vitamins E and 
C, and L-carnitine, have been demonstrated to alleviate some 
of the detrimental effects of heavy metals through their anti-
oxidant and metal-chelating characteristics.20–24 

The persistence of heavy metals in the environment and 
their capacity to bioaccumulate in the food chain give rise 
to significant concerns regarding the presence of these con-
taminants in coffee products. The quality of soil in coffee 
plantations, along with environmental factors and the use of 
pesticides, plays a crucial role in determining the metal con-
tent of coffee. Furthermore, improper storage or packaging 
may result in additional contamination, which can promote 
mould growth.25

Regular monitoring of the chemical composition of coffee 
is essential to ensure consumer safety. From a public health 
perspective, it is crucial to educate the population regarding 
the benefits and risks associated with coffee consumption. 
Further investigation into the effects of coffee on the health 
of the Polish population may enhance our understanding of 
its role in dietary practices. Comprehensive analysis of the 
chemical constituents of coffee available in the Polish mar-
ket, coupled with an assessment of consumption patterns, is 
necessary to ensure the protection of public health and to op-
timise the potential health benefits of coffee.

2. AIM

The objective of this study is to evaluate the concentrations of 
heavy metals, including cadmium, lead, nickel, zinc, arsenic, 
and chromium, in coffee beverages formulated as 3-in-1, 2-in-1, 
and cappuccino. Furthermore, the study aims to identify the 
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factors that contribute to variations in metal concentrations. 
Additionally, an attempt will be made to estimate the non-
cancer risk associated with the consumption of the analysed 
products containing zinc, nickel, and chromium. 

3. MATERIAL AND METHODS 

3.1.  Research material
The study analyzed 50 instant coffee beverages, including 
3-in-1, 2-in-1, and cappuccino varieties, sourced from local 
retailers in Poland during the first half of 2024. The prod-
ucts were categorized based on three criteria:
(1)	The soluble coffee content (to assess the non-cancer risk, 

the following parameters were assumed): less than 8% 
(Group 1), 8%–10% (Group 2), 12%–100% (Group 3).

(2)	Country of origin: Poland or the Netherlands.
(3)	Producer: Producer 1, Producer 2, and Producer 3.

Duplicate samples were included only if they originated 
from different production batches.

3.2.  Laboratory analysis  of  heavy metal  content 
in test  samples
Samples were transported to the Analytical Laboratory of 
the Department of Environmental Health at the Medical 
University of Silesia in Katowice, maintaining their original 
packaging to prevent contamination. Each sample was sys-
tematically coded and weighed to an accuracy of 0.5 g (with 
a permissible deviation of ±2%) using a PS 750/X (RAD-
WAG, Radom, Poland) precision balance. The weighed 
samples were then transferred to Teflon digestion vessels.

For the subsequent digestion process, 9 mL of ultra-pure 
nitric acid (HNO3; 65% ultra-pure, MERCK) and 1 mL of 
30% hydrogen peroxide (H2O2; 30% by Stanlab) were add-
ed to each Teflon vessel. The vessels were then sealed and 
placed into a Milestone ETHOUS UP multi-station micro-
wave mineralizer, wherein the samples underwent a multi-
stage mineralization protocol as follows:
(1)	Stage I: Duration: 20 minutes. Temperature: 210°C. 

Generator power: 1800 W.
(2)	Stage II Duration: 15 minutes Temperature: 210°C. 

Generator power: 1800 W.
(3)	Stage III: Cooling process: 30 minutes.

At the end of the digestion process, the samples were 
transferred to 15 mL volumetric flasks and diluted to the 
required volume with ultrapure water. Cadmium and lead 
were quantified by electrothermal atomic absorption spec-
trometry (ET-AAS) using a Savanta Sigma atomic absorp-
tion spectrometer from GBC, while the other elements (Zn, 
Ni, Cr, As) were analysed by inductively coupled plasma 
optical emission spectrometry (ICP-OES) using an Ultima 
Expert LT spectrometer from HORIBA Scientific.

3.3 Statistical  analysis
The elemental concentrations in the samples were statis-
tically analysed using Statistica v.13.3 (StatSoft). A com-
prehensive descriptive statistical analysis was performed, 

including the calculation of the arithmetic mean, median 
and standard deviation, both for the total sample set and 
for each subgroup defined by the specific differentiating fac-
tors. In addition, skewness and kurtosis were calculated to 
assess the distribution characteristics of the data, while the 
minimum and maximum values were also checked. Prior to 
the distribution test, the normality of the data was assessed 
using the Shapiro-Wilk test. Non-parametric statistical tests 
were then applied, including the Mann-Whitney U test, the 
Kruskal-Wallis H test and Spearman's rank correlation anal-
ysis. The significance level was set at α = 0.05.

It is important to note that in cases where the elemental 
concentration was below the limit of quantification, a com-
mon practice was to include half of the limit of quantifica-
tion in the data set for analysis.

3.4.  Assessment of  non-cancer health risks 
associated with exposure to zinc,  nickel ,  and 
chromium in product samples 
Non-cancer risks associated with heavy metal exposure (oral 
exposure) were estimated using the Average Daily Dose 
(ADD) formula recommended by the US Environmental 
Protection Agency (US EPA)26:

ADD = C × IngR × EF × ED [mg/kg/day]		             BW × AT

where: 
ADD – average daily potential dose of Zn/Ni/Cr ingested via 

the dietary route, mg/kg/day;
C – concentration of Zn/Ni/Cr in the food product, mg/g;
IngR – ingestion rate, g/day;
EF – exposure frequency (365 days);
ED – exposure duration (70 years);
BW – body weight (70 kg);
AT – averaging time (25,550 days). 

According to recent data from the Central Statistical 
Office, the average daily coffee consumption per capita in 
Polish households is approximately 6 g per day.27 However, 
this study focuses specifically on instant coffee, for which 
the IngR is defined by the average weight of a single sachet, 
typically 15 g. The average Polish consumer is reported to 
consume one to three sachets of this product per day. For 
the purpose of this analysis, it is assumed that the average 
consumer consumes one sachet per day.

The health risk assessment for adults was performed for 
each element by estimating the hazard quotient (HQ) using 
the following formula28:

HQ = ADD/RfD

The US EPA has established reference doses (RfD) for 
oral exposure, specifically: 0.3 mg/kg a day for zinc, 0.02 
mg/kg a day for nickel, and 0.0009 mg/kg a day for chro-
mium.29–31

To estimate the total potential non-cancer health effects 
due to exposure to a mixture of heavy metals from the con-
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sumption of instant coffee, a cumulative hazard index (HI) 
was calculated in accordance with the EPA Health Risk As-
sessment Guidelines.32 The cumulative risk from concur-
rent exposure to multiple non-carcinogenic substances is 
determined by summing the individual HQ values to obtain 
the HI, which is interpreted in a manner analogous to the 
HQ index. 

An HQ or HI value up to 1 indicates negligible risk, 
while values over 1 suggest potential health risks.28,32

4. RESULTS

4.1.  Analysis  of  selected heavy metal  concen-
trations in coffee beverages
The concentrations of cadmium, lead, and arsenic were be-
low the limit of quantification (LOQ = 0.10 mg/kg for Pb, 
0.01 mg/kg for Cd, and 0.48 mg/kg for As) in most samples. 
Only one sample demonstrated detectable levels of Cd (0.02 
mg/kg) and As (0.58 mg/kg), thus these metals were exclud-
ed from further statistical analyses.

The concentration of zinc varied significantly across sam-
ples, with values ranging from 0.70 mg/kg (for values above 
the LOQ of 0.69 mg/kg) to 10.86 mg/kg. Nickel concentra-

tions ranged from 0.50 mg/kg to 2.85 mg/kg. Chromium lev-
els varied from 0.22 mg/kg to 0.52 mg/kg. The detailed results 
are presented in Table S1 (Supplementary material).

4.2.  Comprehensive statistical analysis of heavy 
metal concentrations in selected coffee beverages
To examine the distributions of the quantitative variables, 
basic descriptive statistics were calculated and the Shapiro-
Wilk test was used to assess the normality of the distribu-
tions. The results of the analysis are presented in Table 1.

Statistically significant variations in zinc levels were 
identified across different producers. The Bonferroni post-
hoc test indicated a significant discrepancy in zinc concen-
tration between Producer 2 and Producer 1, with a moderate 
effect size, as shown in Table 2.

A positive correlation was found between soluble cof-
fee content and nickel concentration, indicating that an 
increase in coffee content is associated with higher nickel 
levels. This correlation was statistically significant and of 
moderate strength (Table 3).

Statistically significant differences in zinc concentrations 
were observed, with products originating from the Netherlands 
displaying higher zinc levels than those from Poland. The effect 
size for this comparison was moderate, as shown in Table 4.

Table 1. Descriptive statistics of the analyzed variables. 

Dependent variable M Me SD Sk. Kurt. Min. Max W P

Soluble coffee content in the product 13.47 8.95 18.30 4.47 19.91 3.40 100.00 0.39 <.001

Cr concentration (mg/kg) 0.29 0.27 0.07 2.66 6.82 0.22 0.52 0.64 <.001

Zn concentration (mg/kg) 3.24 1.74 3.49 1.09 –0.24 0.35 10.86 0.79 <.001

Ni concentration (mg/kg) 0.37 0.21 0.46 4.08 18.66 0.21 2.85 0.40 <.001

Comments: M – mean; Me – median; SD – standard deviation; Sk. – skewness; Kurt. – kurtosis; Min – minimum value; Max. – maximum value;  
W – Shapiro-Wilk test statistic; P – P-value for Shapiro-Wilk test

Table 3. Correlation between soluble coffee content and levels of zinc, nickel, and chromium.

Variable Soluble coffee content in the product

Zn concentration, mg/kg Spearman's rho –0.05

significance 0.713

Ni concentration, mg/kg Spearman's rho 0.40

significance 0.004

Cr concentration, mg/kg Spearman's rho 0.10

significance 0.497

Table 2. Comparative analysis of soluble coffee content and heavy metal concentrations across various coffee producers.

Dependent variable

Producer 1 
(n = 12)

Producer 2 
(n = 18)

Producer 3 
(n = 20)

H(2)* P η²
average 

rank M Me average 
rank M Me average 

rank M Me

Soluble coffee content in the product 27.75 10.80 9.50 26.69 20.32 10.00 23.08 8.90 8.88 0.96 0.618 <0.01

Zn concentration (mg/kg) 33.00 0.29 0.28 18.69 0.28 0.26 27.13 0.29 0.27 7.55 0.023 0.12

Ni concentration (mg/kg) 23.25 5.70 5.82 27.89 1.71 0.83 24.70 3.41 3.46 1.85 0.397 <0.01

Cr concentration (mg/kg) 28.58 0.46 0.42 22.61 0.67 0.42 26.25 0.48 0.42 1.30 0.523 <0.01

Comments: n – number of observations; M – mean; Me – median; H* - Kruskal–Wallis non-parametric H test statistic; P – statistical significance; 
η² – effect strength index.
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4.3 Quantitative assessment of  non-cancer he-
alth risks from adult  exposure to zinc,  nickel , 
and chromium in instant coffee 
The non-cancer health risks associated with the consumption 
of instant coffee by adults were assessed quantitatively. The 
assessment showed that the risks posed by exposure to select-
ed heavy metals through coffee consumption are negligible 
for both average and maximum concentrations (Table 5). 

The analysis also took into account the coffee content of 
the products evaluated. The results indicate that the likeli-
hood of non-carcinogenic effects manifesting in individuals 
consuming instant coffee is extremely low. However, it is im-
portant to note that both the HQ and HI values increased 
with an increased coffee content in the product (Supple-
mentary materials Table 1b). This suggests that both coffee 
content and other factors, such as coffee type and country of 
origin, contribute significantly to the exposure levels of heavy 
metals. In the risk estimation procedure including the coun-
try of production as a differentiating factor, the HI was found 
to be slightly higher for products originating from the Neth-
erlands. However, coffee from Poland had a higher HQ for 
chromium. Despite these differences, the values of the calcu-
lated indices remain well below the critical threshold of 1 for 
both countries (Supplementary materials Table 1c). Further-
more, when considering the producer as a variable, the high-
est HI values were observed for products from Producer 2 (HI 
= 0.1780), while the lowest values were found for Producer 3 
(HI = 0.1510) (Supplementary materials Table 1d). This find-
ing shows that the level of heavy metal exposure from instant 
coffee consumption can be influenced by the manufacturer, 
although the overall risk remains minimal.

5. DISCUSSION

The continuous monitoring of heavy metal content in food, to-
gether with the introduction of preventive measures, is of para-
mount importance to ensure food safety and maintain product 
quality. Metals such as chromium, zinc and nickel, when accu-
mulated in food, pose a significant health risk due to their po-
tential to cause toxicity and contribute to the development of 
chronic diseases.33–35 Systematic research in this area is crucial 
as it allows early identification of potential risks and facilitates 
the prompt implementation of corrective measures. Further-
more, by modifying production processes and monitoring raw 
material sources, consumer exposure to heavy metals can be 
reduced, thereby increasing confidence in food products.

A review of the literature reveals a significant gap in re-
search on the assessment of heavy metal content in instant 
coffee. Most studies focus on coffee beans, with limited at-
tention to instant coffee products or differentiation between 
country of origin and producer. Therefore, the results of this 
study are compared with the available data on heavy metal 
concentrations in coffee beans, despite the inherent differ-
ences between these product forms.

This study investigated the concentrations of several 
heavy metals in instant coffee drinks, including zinc, nickel, 
chromium, lead, cadmium and arsenic. In particular, lead 
concentrations remained below the limit of quantification in 
all samples, while cadmium and arsenic were detected in only 
one sample. These results corroborate those of Winiarska-
Mleczan et al. who also reported undetectable levels of lead 
in ground coffee using a similarly sensitive analytical method 
(LOQ = 0.00003 mg/kg).10 This consistency suggests effective 
regulatory oversight, particularly by bodies such as the State 

Table 4. Comparative analysis of soluble coffee content and heavy metal concentrations in coffees from Poland and 
the Netherlands.

Dependent variable
Poland (n = 38) Netherlands (n = 12)

Z* P η²average 
rank M Me average 

rank M Me

Soluble coffee content in the product 24.79 14.31 8.88 27.75 10.80 9.50 -0.62 0.539 <0.01

Zn concentration (mg/kg) 23.13 0.28 0.27 33.00 0.29 0.28 -2.07 0.038 0.09

Ni concentration (mg/kg) 26.21 2.61 1.49 23.25 5.70 5.82 -0.92 0.360 0.02

Cr concentration (mg/kg) 24.53 0.57 0.42 28.58 0.46 0.42 -0.84 0.401 0.01

Comments: n - number of observations; M - mean; Me - median; Z - Mann-Whitney U test statistic; p - statistical significance; η² - effect strength index

Table 5. Comprehensive analysis of average daily dose and hazard quotient for oral exposure.

Trace element Concentration [mg/kg] RfD [mg/kg/day] ADD[mg/kg/day] HQ HI

Average concentration of toxic elements

Zn 3.24 0.3 0.00069 0.0023

0.0753Ni 0.37 0.02 0.00008 0.0040

Cr 0.29 0.0009 0.00006 0.0690

Maximum concentration of toxic elements

Zn 10.86 0.3 0.00233 0.0078

0.1621Ni 2.85 0.02 0.00061 0.0305

Cr 0.52 0.0009 0.00011 0.1238

Comments: RfD - reference dose, ADD - average daily intake, HQ - hazard quotient, HI - cumulative hazard index
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Sanitary Inspection in Poland, which monitors the quality of 
coffee beans. A subsequent study by the same author reported 
that the highest concentrations of cadmium were found in 
chicory and cereal coffee, with levels reaching 0.004 mg/kg. 
In contrast, a blend of chicory and naturally roasted coffee 
had a slightly lower cadmium concentration of 0.003 mg/kg. 
Notably, the lowest cadmium levels were observed in cappuc-
cino drinks and natural instant coffee, both with concentra-
tions below 0.0001 mg/kg, as well as in 2-in-1 and 3-in-1 cof-
fee products. For lead, the highest concentration was found 
in natural instant coffee, with 82.6 mg/kg, while the lowest 
was found in chicory and natural coffee blend, as well as in 
2-in-1 and 3-in-1 products, with lead concentrations of 0.011 
± 0.0019 mg/kg.11 These findings highlight the considerable 
variability in heavy metal content between different types of 
coffee and underline the need for further research to thor-
oughly assess the safety of these products.

In terms of zinc concentration, this study found consid-
erable variability between coffee samples, ranging from 0.70 
mg/kg to 10.86 mg/kg. The highest concentration was found 
in a product containing 9.50% instant coffee, while the low-
est concentration was found in a product containing 7.60% 
coffee. These results are in line with the work of Gure et 
al. who reported zinc levels ranging from 6 to 30 mg/kg in 
Ethiopian coffee,36 and Alves da Silva et al. who found zinc 
concentrations ranging from 5.53 to 55.83 mg/kg in Brazil-
ian coffee.15 The variability of zinc content in these studies 
highlights the influence of geographical factors, production 
methods and packaging materials. Interestingly, one Brazil-
ian study exceeded the legal limit of 50 mg/kg, highlight-
ing the need for regulatory vigilance in different regions.15 
Consistent findings by Morgano et al. (8.33 mg/kg)37 and 
Grembecka et al. (9.5 mg/kg) (9.5 mg/kg)38 in Arabica coffee 
further support the notion that zinc content is influenced 
by both intrinsic and extrinsic factors in coffee production. 
The observed differences in zinc concentrations may indeed 
be influenced by the packaging materials used, as zinc-based 
compounds, including nanoparticles, are commonly used 
as stabilisers in food packaging due to their resistance to 
heat and light. These stabilisers have the potential to mi-
grate into food products, especially under conditions of heat 
exposure, and may therefore affect zinc levels. Further in-
vestigation into the composition of the packaging and the 
conditions under which it is stored could clarify this effect.39

Nickel concentrations also varied considerably. The high-
est concentration (2.85 mg/kg) was found in a product con-
taining 100% instant coffee, while the lowest (0.50 mg/kg) was 
found in a product containing 19% coffee. These results are 
consistent with the wide range of nickel levels reported by 
Alves da Silva et al. (0.03 to 1.95 mg/kg)15 and Teixeira Pigozzi 
et al. (0.3 to 1.95 mg/kg).40 The substantial variation in nickel 
content between studies may reflect differences in environ-
mental exposure, particularly soil contamination in coffee-
growing regions. Lower nickel concentrations observed by 
Berego et al., Massoud et al. and Nędzarek et al. (0.003 to 
0.9326 mg/kg)14,41,42 further emphasise regional differences 
and highlight the need for localised monitoring.

In the case of chromium, the highest concentration (0.52 
mg/kg) was found in chocolate-flavoured coffee drinks, while 
the lowest (0.22 mg/kg) was found in sugar and milk-based 
products. These results differ from previous studies, such as 
those by Guadalupe et al. who reported chromium concentra-
tions of 0.01 ± 0.006 mg/kg,43 and Alkherraz et al. who ob-
served higher levels (up to 7.5 mg/kg) in coffee from different 
geographical regions.44 Teixeira Pigozzi et al. also reported a 
significantly higher chromium concentration (3.27 mg/kg) 
in one sample, exceeding the Brazilian regulatory limits (0.1 
mg/kg).40 The wide range of reported values indicates the 
complexity of chromium contamination and the influence of 
both intrinsic (e.g. uptake by coffee plants) and extrinsic fac-
tors (e.g. manufacturing processes, added ingredients).

The presence of additional ingredients such as sugar, 
skimmed milk and vegetable oils in instant coffee products 
significantly affects the final concentration of heavy metals. 
Trace amounts of metals in these ingredients can contrib-
ute to the overall metal burden of the product. For example, 
sugar may contain metals depending on the refining pro-
cess.45,46 Similarly, vegetable oils may contain metals, espe-
cially if the oil is derived from contaminated raw materials. 
Skimmed milk, as a product of animal origin, can also ac-
cumulate heavy metals if the animals have been exposed to 
contaminated feed or environmental pollutants.47–49 

Although the current concentrations of heavy metals 
in instant coffee do not pose an immediate health risk, the 
potential for long-term accumulation of trace metals in the 
body warrants attention. Chronic exposure to metals such 
as cadmium and lead, which have long biological half-lives, 
poses risks to the nervous, cardiovascular and endocrine 
systems.48 The results of this study underscore the impor-
tance of continued monitoring and regulation to minimise 
exposure to heavy metals, especially given the potential for 
bioaccumulation over time.

6. CONCLUSIONS

(1)	Concentrations of heavy metals in instant coffee drinks 
vary considerably depending on the soluble coffee con-
tent, the origin of the product and the producer. 

(2)	Non-cancer health risks from exposure to zinc, nickel 
and chromium in instant coffee are minimal. The hazard 
quotients and cumulative hazard indices calculated for 
these metals were well below the thresholds of concern, 
indicating negligible health risks for adult consumers.

(3)	Continued monitoring and the use of innovative pro-
cessing technologies are essential to further reduce 
heavy metal levels in food products and ensure long-
term consumer safety.
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