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ICP-MS Analysis of Commercial Coffees Available in the US Market
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As coffee constitutes a global cultural phenomenon consumed at 9 million tons annually across 167 countries,
its scientific studies attract widespread attention. Accordingly, the present study investigates trace elements
in coffee samples available in the US market, spanning sensory, health, environmental, and toxicological
dimensions. Specifically, the study employs Inductively Coupled Plasma Mass Spectrometry (ICP-MS) for
the analysis of 14 elements in 12 diverse coffee brands. Geographical variations, sustainability implications,
and a leaching experiment further enrich our understanding. The findings contribute insights for consumers,
producers, and regulators, shaping the evolving landscape of the coffee industry.
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Introduction

Coffee is a widely consumed food commodity
worldwide, with a significant annual consumption of
9.0 million tons and exports to 167 countries [1,2].
Studying trace elements in coffee is important for
several reasons. Firstly, these elements contribute to
the sensory experience of coffee, affecting its flavor,
aroma, and overall quality [3-5]. By understanding
the presence and concentrations of trace elements,
researchers can identify key compounds responsible
for desirable or undesirable characteristics in coffee
[6].

Secondly, trace elements in coffee can have
significant health implications. Some elements, such
as antioxidants, have potential health benefits, while
others, like heavy metals, can pose health risks
if present in excessive amounts [7-9]. There are
several methods for analyzing trace metals, among
them, inductively coupled plasma mass spectrometry
(ICP-MS) has been the method of choice for the
determination of toxic metals and metalloids of plants
and soils, with low detection limits down to 0.1 ppb,
simple sample preparation, high throughput and the
ability to measure many elements simultaneously
[10-14].

Thirdly, trace elements can act as indicators of
coffee origin and quality. Different regions and growing
conditions yield coffee beans with distinct elemental
compositions [15]. Analyzing trace elements can
provide valuable information for authentication,
traceability, and quality control in the coffee industry,
helping to prevent fraud and ensure product integrity.

Furthermore, studying trace elements in coffee
can contribute to environmental sustainability. Coffee

cultivation practices, soil composition, and processing
methods can influence the elemental content in coffee
beans. By investigating these factors, researchers can
identify sustainable farming practices that minimize
environmental impacts and optimize trace element
profiles in coffee [16,17].

Lastly, studying trace elements in coffee advances
our scientific understanding of this beloved beverage.
It deepens our knowledge of the complex chemical
composition of coffee and fosters innovation in
brewing techniques, product development, and
sensory analysis. Overall, this study contributes to the
continuous improvement and appreciation of coffee as
a cultural and culinary experience.

Experimental part

Materials and methods

All chemical reagents (70% w/w HNO, and 37%
w/w HCI) used were ordered from Millipore Sigma
and were purified by redistillation, 299.999 % trace
metals basis. A 2 mg/L stock solution was prepared by
adding 2.00 mL from 1000 mg/L ICP stock standards
with each element and followed by diluting to 1 L from
HNO,/HCI solution (3% v/v HCI and 1% v/v HNO,).
Then, 0.4 — 2000 pg/L calibration standards were
prepared from the 2 mg/L stock solution followed by
diluting with 3% HCl and a 1% HNO, solution.

Determination of trace elements

Digestion was performed by placing 100 mg of
each coffee sample in a Teflon beaker followed by
adding 10 mL of concentrated 3:1 (35% w/w HCI and
69% w/w HNO,) HCI: HNO_mixture. To facilitate the
digestion process, the resulfing mixture was heated to
150°C for 30 minutes. The digests were then allowed
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to_cool to room temnerature and were individuallv Results and discussion

'°Sn, '*°Ba, <“°Pb, “*°U agreement or less [21]. The disparities in the order of
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samples L, H, and F, aligning with the order L<H < F. samples K, D, and A (K< D <A).
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Table 4. Combnarison of elemental concentrations henchmark for the elemental analvsis of nlants and
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