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Evaluation of the aluminum migration from metallic seals to coffee

beverage after using a high-pressure coffee pod machine

Abstract

The availability of aluminum during coffee drink preparation through a coffee pod
machine was evaluated, through its determination in capsule seals, ground coffee, and
coffee drink. The coffee drink preparation through a conventional filtration system and
coffee pod machines was compared, with an increase around 13% on aluminum
concentration (respectively, 408 + 6 and 459 + 9 pg L™). The highest aluminum
concentration (approximately 80%) was found in the capsule seals, and 6 mg kg*
incorporated into the ground coffee during coffee drink preparation. An aluminum
concentration of 0.46 mg kg was leached to the coffee drink, indicating its strong
absorption by the ground coffee. This concentration represented only 0.15% of that
range recommended by the European Food Safety Authority (EFSA), indicating a safe
consumption of espresso coffee (5 cups/day). However, the reuse of ground coffee is of
great concern, once approximately 3.5 times higher aluminum content was found in this
sample.

Keywords: aluminum availability, coffee drink, coffee pod machine, leaching, inorganic

mass spectrometry

1. Introduction

According to Thesaurus dictionary (Soanes, 1999), the coffee drink can be
defined as “a beverage consisting of a decoction or infusion of the roasted ground or
crushed seeds (coffee beans) of the two-seeded fruit (coffee berry) of a certain coffee
tree”. Still, the popular saying also defines, more gracefully, the coffee drink as “a dark,

magical substance that turns leave me alone into good morning honey”. However,
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whatever is the definition, coffee is an important raw material in the global economy,
becoming one of the most valuable products in our daily life. In fact, the coffee drink is
one of the most consumed and appreciated beverages in the world due to its
organoleptic properties (odor and taste), and, mainly, for presenting potential effects on
human health, such as antioxidant (Espinelli Junior et al., 2020; Verzelloni et al., 2011;
Isac-Torrente et al., 2020), and physiological and psychological properties, with the
stimulating effect being the most desired to improve the ability to concentrate, increase
body energy, as well as reducing drowsiness and tiredness (Lima et al., 2010; Esquivel
& Jiménez, 2012).

The roasted coffee bean has a very complex chemical composition, and it is
estimated there are more than 2000 components - such as caffeine, minerals, phenolic
compounds, amino acids, diterpenes, sterols, p-carbolines, among many others - some
of these responsible for positively interfering with cognitive and psychomotor
performance, as well as delaying the development of certain diseases, including type 11
diabetes, asthma, alcoholic cirrhosis and some types of cancer (Espinelli Junior et al.,
2020; Alves et al., 2009; Martini et al., 2016).

Besides organic compounds, more than 30 different elements can be found in
green, roasted, ground coffees, and infusions. These elements can be divided into three
groups: macronutrients, micronutrients, and trace elements. Some of the trace elements,
for example, aluminum, present in coffee (Koch et al., 1989; Santos & Oliveira, 2001,
Stahl et al., 2017) or its infusions at excessive levels, can be toxic to health (Santos &
Oliveira, 2001; Exley, 2016; Isac-Torrente et al., 2020; Martinez et al., 2018; Windisch
et al., 2020) and therefore the concentrations of these elements in the final product and
during coffee production must be strictly controlled to verify information about

exposure to these elements.
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The launch of the coffee capsule segment gave rise to innovation and
sophistication associated with this product, changing the habits of the consumers, and
also the coffee taste. The high amount of coffee flavors offered in capsules aroused the
curiosity of consumers to try more than 25 different flavors grouped into aromatic
families, intensities, and varieties (Nespresso, 2018). The search for quality products,
fast preparation, and mono portions, which provide a differentiated experience,
transformed this coffee segment into one of the greatest growth potentials in the
Brazilian coffee market, and worldwide (ABIC, 2019; Fior Markets, 2019).

As it is a natural product with beneficial and protective actions, at first, moderate
coffee consumption does not, in general, seem to be contraindicated (Alves et al., 2009).
However, in view of preparation for consumption under conditions of high temperature
and pressure (up to 19 bar, in fact, the highest in the market) (Nespresso, 2019)
submitted by home espresso machines, and also due to the fact that the product
packaging can also contribute to the contamination and introduction of elemental
impurities, the hypothesis of this work arises that such conditions may foster the
transfer of aluminum from metallic seals to coffee drink, once these seals are perforated
by the machine during the coffee extraction (Pohl et al., 2012; Vega-Carrillo et al.,
2002; Stahl et al., 2017; Windisch et al., 2020). To this end, the presence and magnitude
of aluminum when the coffee drink is prepared using coffee pod machines are evaluated
in this work through three different samples, including ground coffee, capsule seals, and

the own coffee drink.

2. Experimental

2.1 Reagents and solutions
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For microwave-assisted acid decomposition tests and standard/sample dilutions,
sub-boiling nitric acid was obtained from a sub-boiling device (Berghof, Eningen,
Germany), while hydrochloric and sulfuric acids, and hydrogen peroxide were
purchased from Merck KGaA (Darmstadt, Germany). The standard stock solution
(1000 mg L) of Al employed for ICP-MS measurements was purchased from Merck
KGaA. Working solutions were prepared with deionized water (> 18.2 MQ cm) from a
Milli-Q Direct-Q® 5UV water purification system (Millipore, Bedford, USA).

All materials used were made of polypropylene (PP) to avoid aluminum leaching
from the glassware, usually composed of sodium borosilicate glass with aluminum
oxide. Before use, all materials were cleaned with 10% (v/v) HCI, and then, rinsed three

times with deionized water.

2.2 Instrumentation
Quantification of the total content of Al in the ground coffee, capsule seals, and
coffee drink were performed by an inductively coupled plasma quadrupole mass
spectrometer ICP-MS (ICPMS 2030, Shimadzu Scientific Instruments, Maryland,
USA), equipped with a mini torch, a concentric nebulizer (Meinhard®), and a cyclonic
nebulization chamber cooled at a constant temperature of 5 °C, and incorporated an
octapole collision cell with He as a collisional gas. The experimental conditions used in
all analyses are shown in Table 1. The daily ICP-MS quality-control calibration was
carried out using a multielemental standard solution containing the following species:
Beat 10 ug L%, In, Biand Ceat 2 ug L, and Co and Mn at 5 pg L.
Table 1 should be inserted here.
For sample preparation aimed at the determination of total aluminum content, all

the samples (capsule seals, ground coffee, and coffee drink) were decomposed in a
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DGT-100 microwave oven (Provecto Analitica, Jundiai, Brazil) equipped with a
magnetron of 2450 + 13 MHz, operated at 1200W (nominal power) using Teflon®

vessels.

2.3 Sample preparation and evaluation of the total Al content

The coffee capsules were acquired in a local market (Nespresso stores). The
coffee drink (Arpeggio flavor) was prepared along this work using the Nespresso®
Essenza Mini machine, equipped with a unique extraction system that guarantees
pressure up to 19 bar and prepared as espresso (40 mL per cup). Deionized water was
used to prepare the coffee drink. Subsequently, those three kinds of samples (ground
coffee, seals, and coffee drink) were treated differently according to the following
sections. Figure 1 illustrates the workflow with the general steps of the experimental
procedure.

Figure 1 should be inserted here.

2.3.1 Capsule seals

Two types of metallic seals were analyzed: unused ones (pre) and those perforated
after coffee extraction (post). Four seals (n=4) of each type were removed from the
capsules, weighed separately (64 £ 3 mg for both pre and post seals), and transferred to
Teflon flasks of the microwave oven. These samples were subjected to a microwave-
assisted acid decomposition process with 250 pL sub-boiling HNO3, 3 mL HCI and 750
uL deionized water, using the following microwave oven program: 6 min @ 400 W
and 5 min @ 800 W. After microwave digestion, all samples were transferred to

volumetric flasks and the volume made up to 50 mL with deionized water. Before
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analysis, the samples and blanks were diluted 20 times with 1.0% (v/v) HNO3, and the
total Al content determined by ICP-MS.

In this task, several sample preparation procedures were evaluated. The most
representative microwave-assisted sample decomposition protocols are visualized in
Table 2.

Table 2 should be inserted here.

2.3.2 Ground coffee

Likewise, in the previous section, two types of ground coffee were analyzed:
unused (pre) and extracted (post). The contents of the coffee capsules were
homogenized and dried at 37°C to constant mass. Then, 200 mg of ground coffee pre
and post were weighted separately (n=3), microwave decomposed with 3 mL sub-
boiling HNOs, 1 mL HCI, 500 puL H>SO4, and 2 mL 30% (w/v) H202, with the resulting
digests dried almost to dryness, and the volume replaced up to 5mL with 1.0 % (v/v)
HNOs. Finally, the samples were properly diluted, and the total element content
determined by ICP-MS.

For quality control purposes and validation of the method, the microwave
decomposition of ground coffee detailed above was applied to the certified reference
material (SRM 1568a rice flour) for the trueness check.

Several microwave-assisted sample decomposition programs were evaluated as
shown in Table 3.

Table 3 should be inserted here.
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2.3.3 Coffee drink

A total of 10 capsules (n=10) from the same lot were prepared sequentially using
the coffee machine (ca. 40 mL drink each) so as to perform a pool for minimizing
outliers. After reaching room temperature and homogenization, 3 mL of this pool were
transferred to Teflon flasks of the microwave oven, as well as specific volumes of an Al
standard. Here the standard addition method was used to check any contamination or Al
loss during the sample preparation step, as well as to build-up the analytical curve on
the sample matrix for further determination of Al concentration in the coffee drink. The
samples were subjected to a microwave-assisted acid decomposition process with 5 mL
sub-boiling 20 % (v/v) HNO3z, 1 mL 20 % (v/v) HCl and 1 mL 30% (w/v) H20- using
the following microwave oven program: 10 min @ 250 W; 10 min @ 400 W; 40 min
@ 800 W and 10 min @ 0 W. The decomposed samples were diluted by adding 14.5
mL of deionized water, and, after proper dilution, the total element concentration was
determined by ICP-MS. The most representative microwave-assisted sample
decomposition methods studied for the coffee drink are compiled in Table 4.

Table 4 should be inserted here.

2.4 Statistical analysis

Statistical analyses of data were performed with the OriginPro 8 software
(OriginLab Corporation, USA). Total aluminum concentrations from capsule seals pre-
and post-extraction, certified reference material, pre- and post-extraction ground coffee,
coffee drinks with- and without cleaning the machine between replicates as well as,
coffee drinks prepared by filtration and coffee pod machine were tested separately

assuming equivalent variances (checked by F-test at o = 0.05) by Student’s t-test. All
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statistical evaluations were carried out at 0.05 significance level (95 % confidence

level).

3. Results and discussion

According to Figure 1, the experimental workflow was carried out to evaluate
the aluminum concentration in the ground coffee, capsule seal, and coffee drink, so as to
get insight into the aluminum sources. For the sake of clarity, the determination of

aluminum is herein presented in separate samples: seal, ground coffee, and drink.

3.1. Capsule seals

The optimization of the microwave-assisted method for the capsule seals
obtained pre- and post-coffee preparation was adapted from early acid digestion
methods used for aluminum alloys (Arruda, 2007; Chen et al., 2008; Molnér et al.,
2000). In fact, it should be noted that some methods used hydrofluoric acid (HF),
however, considering safety handling aspects, initial tests without HF were then
performed. Table 3 shows three different methods employed (A - C). For method A, it
was visually noticed that the seal was only partially decomposed, which may be due to
the high amount of weighted mass, and mild microwave conditions. Then, as seen in
method B (Table 2), a lower amount of seal mass, a higher volume of the acids, and
more drastic conditions for sample preparation (microwave time and power) were used.
With these new conditions, a great improvement in the qualitative aspects of the sample
after decomposition was observed. However, for improving, even more the microwave
conditions, a further reduction of the sample mass was then chosen, such mass
corresponding to a hole capsule shell (ca. 65 mg), with readaptation of the proportion of

the reagents for appropriate solid to liquid ratio and adopting a longer method with
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enhanced microwave power (program C in Table 2). With this procedure, a complete
dissolution was then possible, guaranteeing clear and homogeneous samples.

After optimizing the conditions, the total aluminum contents in capsule seals
pre- and post-extraction for coffee drink preparation using the coffee machine were
calculated as 800 + 25 and 794 + 11 mg g Al, respectively. Although these results are
statistically equivalents (according to the Student’s t-test at 0.05 significance level and
95% confidence level) it is easy to rationalize that minute amounts of aluminum may be
transferred to the ground coffee, during coffee extraction, thus explaining the results

found in the section below.

3.2. Ground coffee

Preliminary tests were conducted for visualization of the microwave digests
described in Table 3 by qualitative aspect. For the majority of programs (A to F), the
presence of gelatinous precipitates was noted after sample preparation of ground coffee,
thus indicating poor decomposition efficiency. Due to the presence of a high number of
fibers, proteins, and lipids in the ground coffee (Murthy & Naidu, 2012), the use of
more drastic conditions for sample preparation is herein justified. In this way, sulfuric
acid was incorporated as a suitable acid for decomposing fat, lipids, and proteins
(Arruda, 2007). Methods G, H, and | (Table 3) were proposed, and after sample
preparation, the samples presented a better aspect than those already obtained from
methods A to F. However, only method | presented a completely transparent solution
after sample preparation.

For the validation of the parameters for sample preparation using method |
(Table 3), the SRM 1568a rice flour with a certified concentration of 4.4 + 1.0 mg kg

Al was analyzed. After applying the microwave-assisted acid digestion program, a
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concentration of 4.1 + 0.2 mg kg* Al was found, indicating an analytical recovery
factor of 86+£8% (according to the Student’s t-test at 0.05 significance level and 95%
confidence level). In addition, this recovery lies within the range of acceptance of 80-
110% as endorsed by MAPA (2019).

After analyzing the pre- and post-extraction ground coffee samples using the
coffee pod machine, the results were 2.5 + 0.9 and 8.5 + 2.0 mg kg* Al, respectively.
These results indicate an increase of ca. 3.5 times of the aluminum concentration in the
ground coffee after coffee preparation using such machines (according to the Student’s
t-test at 0.05 significance level and 95% confidence level). This increase might be
explained by the leaching of aluminum from the seal to the ground coffee once the
aluminum seal of the capsule is perforated during the extraction for coffee drink
preparation. Although such increase does not represent a great concern regarding the
intake of aluminum, the coffee ground wastes have been reused for several purposes,
such as to exfoliate the skin, grow mushrooms, remove smells from hands, absorb odors
from fridges, among others (Healthline, 2018; NewScientist, 2016). Therefore, such
reuse must be carefully considered, once it is reasonable to think that part of the
aluminum available in such a matrix may be then transferred to the soil, to the crops, or
to the hands, thus, acting as a potential contaminant on account of concentrations as

high as few mg/kg in the material.

3.3 Coffee drink

Considering the results from ground coffee, where a significant increase of Al
amount was found in the post-extraction ground coffee samples due to the Al leaching
from the seal, the concentration of such metal was also determined in the coffee drink to

investigate the Al role in this sample.

10
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It is important to emphasize that the coffee drink sample was initially prepared
as a simple infusion (Szymczycha-Madeja et al., 2016), using different centrifugation
conditions, filters (PDVF and Nylon), dilutions (from 1:5 to 1:35 range), or ultrasound
extraction. However, such strategies of sample preparation were discarded due to the
residual sample matrix content, e.g. high organic matter, which prevented an adequate
sample nebulization (even after dilution), thereby causing saturation and destabilization
of the plasma source of ICP-MS.

As in the previous sections, the coffee drink was also decomposed using
microwave technology, and some acid digestion methods were tested as shown in Table
4. In fact, these methods were initially based on that proposed for tea infusion
decomposition (CEM, 2019), employing hydrochloric acid (for stabilizing high contents
of Al) and steady power increasing steps to prepare the coffee drink sample. With such
changes, a transparent sample was obtained, without staining, and free of particles that
could obstruct the nebulization process of the ICP-MS equipment. Method D (Table 4)
was chosen, once the best conditions were found, taking into account the qualitative
aspect (clear sample, without coloring, free from particles and homogeneous), and the
quantitative ones (decreased matrix effect with a stronger sample decomposition).

As previously mentioned, the standard addition method was considered to
perform the analytical curve (Fig. 2) on the sample matrix where analytical linear
regressions were obtained, thus, proving this strategy suitable for Al determination in
the coffee drink samples free of significant contamination and analyte loss. Two
procedures were established for checking the aluminum role in the coffee drink
prepared from a coffee pod machine. The first involved collecting a pool of 10 coffee
drinks (40 mL each) without cleaning the machine between replicates, and the second,

cleaning the machine by passing 3 times ultrapure water between replicates to check if

11
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the system could represent an input itself of Al in the coffee drink. The results obtained
with and without cleaning were 407 + 15 and 394 + 4 pg L Al, respectively. No
statistically significant differences were found (according to the Student’s t-test at 0.05
significance level and 95% confidence level), thus revealing that cleaning or not the
machine between the replicates of the preparation of the coffee drink resulted in a
similar content of aluminum in the coffee drink. In fact, aluminum concentration of ca.
400 pg Lt was already reported in the literature (Fraiikové et al., 2009) for a coffee
drink. However, different values of aluminum concentration can also be found in the
literature, such as 13.9 and 18.26 pg L™ (Isaac-Torrente et al., 2020; Windisch et al.
2020), but different origin of the coffee, coffee machine, or sample preparation were
used.

In addition to this test, in order to demonstrate that, in fact, there is aluminum
leaching from the capsule to the drink consumed, the coffee drink prepared at high
pressure by the coffee machine was analyzed along that obtained by the conventional
filtration system (at environmental pressure). It should be noted that analytical paper
filters were used for the conventional system, and the same content of the capsule
ground coffee was added. The infusion was made with water preheated in a water bath
at 80°C, which is equivalent to the temperature of the water ejected from the pod
machine. Four capsules (n=4) of coffee from the same batch were processed in each
method and the contents of aluminum of the drinks prepared by filtration and coffee pod
machine were 408 + 6 and 459 + 9 pg L Al, respectively. This result indicates an
increase of ca. 13 % of the aluminum content when the coffee is prepared with a coffee
pod machine against that of the filtration system (according to the Student’s t-test at
0.05 significance level and 95% confidence level). This difference in aluminum

concentration in the beverage could be, in fact, due to the high pressure used by the

12



299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

Nespresso machine (19 bar) for coffee drink preparation, providing a better extraction,
not only for those organoleptic organic compounds but also for unwanted aluminum, as

quantified through ICP-MS.

3.4 Summarizing the results
For the sake of clarity, Table 5 summarizes all the aluminum concentrations
determined in the coffee-related samples evaluated through this work. In fact, the
highest aluminum content (ca. 80%) is found in the metallic seal of the capsules, and
this sample is contributing to the incorporation of ca. 0.001% aluminum in the ground
coffee after coffee drink preparation through the coffee pod machine. However, it is
curious that despite the high aluminum concentration in the capsule seal, only 0.46 mg
kg™ of aluminum was found in the coffee beverage. A possible explanation for this fact
is that ground coffee is adsorbing most of the leached aluminum from the capsule seal
during coffee drink preparation, thus, resulting in low aluminum concentration in the
coffee infusion. Our results corroborate this hypothesis, since an increase of ca. 6 mg
kg of aluminum is observed in the ground coffee after beverage preparation through
the coffee machine, thereby, suggesting that ground coffee is acting as a natural
adsorbent. In fact, ground coffee waste has been extensively employed as a biosorbent
for removing several contaminants from aqueous media, including toxic metals
(Cherdchoo et al., 2019; Alvarez et al., 2018; Babu et al., 2018; Anastopoulos et al.,
2017).
Table 5 should be inserted here.
Additionally, based on the Agence Francaise de Securité Sanitaire des Aliments
(AFSSA, 2003), the packaging and utensils marketed for food storage are usually

responsible for the migration from 4 to 12 mg of the metal per kg of food. In fact, the
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value found ca. 6 mg kg? is inside this range. The Environmental Protection Agency
(EPA) has recommended a secondary maximum contaminant level (SMCL) of 0.05 to
0.2 mg L? of aluminum in drinking water, which is significantly lower than the
aluminum concentration found in the coffee drink (ca. 0.46 mg L™). However, and
considering espresso coffee, it is really difficult for one adult to drink one liter of this
beverage per day. Taken into account the recommendation from the European Food
Safety Authority (EFSA, 2008), the range of weekly intake of aluminum in adults
ranges from 0.2 to 1.5 mg/kg bw/per week. Considering our results in the coffee drink
(ca. 460 pg L), and a maximum amount of 5 cups of espresso/day (40 mL each), this
represents 91.8 ug Al/day. By taking an adult weight of 70 kg, the aluminum content is
then 1.31 pg/kg bw/day, being this result far from the range preconized by EFSA. It is
interesting to note that all data refer to the total amount of aluminum, without
considering the percentage of bioaccessibility. In fact, the bioaccessible pools of
aluminum in the body from coffee drink prepared from coffee pod machines may be

significantly lower than the total aluminum content in the beverage.

4. Conclusions and perspectives

The main objective of this work was successfully attained. It was clear that the
coffee drink prepared through machines at high pressures contributes to the increase of
aluminum content in the beverage (ca. 13%), compared to that from conventional
filtration systems at environmental pressure. Although the capsule seals are a great
source of aluminum, and the process for coffee drink preparation through coffee
machines damage such seals, the leaching of aluminum from the seal to coffee drink is
only marginal, acting the particles of the ground coffee as natural sorbents for

aluminum.
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From our results, and their comparison with those preconized by some food and
environmental protection agencies, it is easy to rationalize that a daily normal
consumption of coffee drink (ca. 5 cups of espresso/day) prepared from these machines
does not represent a serious health risk of aluminum contamination by coffee
consumers.

Anyway, the reuse of ground coffee as recommended in a diversity of
propaganda is of great concern, once the increase of aluminum content is ca. 3.5 times
higher in the ground coffee after coffee drink preparation by coffee pod machines, and
thus this potential recycling strategy should be discouraged.

Possible perspectives of this work are to establish the bioaccessibility and
bioavailability of aluminum, in body fluids after drinking the coffee prepared from a
high-pressure coffee machine. Additionally, other important elements to life, such as
calcium, magnesium, phosphorus, potassium, and others could be also evaluated by
ICP-MS for improving the comprehension of their intake after drinking coffee prepared

through these high-pressure coffee pod machines.
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504  Tables
505 Table 1. Optimized ICP-MS operational conditions for Al measurement.

506

Cyclonic nebulization chamber Cyclonic
Nebulizer Concentric
RF power (W) 1200
Plasma gas flow-rate (L min™) 8.0
Aucxiliary gas flow-rate — Ar (L min) 11
Nebulizer gas flow-rate — Ar (L min?) 0.7
Cell voltage (V) -21
Replicates 5
Collision cell gas flow (mL min ) 6.0
Energy filter (V) 7.0
Correction equation Non-used
Monitored m/z ZTAl
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508
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509 Table 2. Microwave acid digestion programs tested for sample preparation of capsule
510 metallic seals.

511
Method Sample HNO3 HCI H,O Microwave oven programs
(mg) (mL) (mL) (mL) (time @ power)
1°: 3min @ 400W
A 300 0.1 4.0 1.0 2°: 3min @ OW
1°: 6 min @ 400W
B 100 2.0 6.0 1.0 20 3 min @ 200W
1°: 6 min @ 400W
C 65 0.25 3.0 0.75 2 5 min @ 800W
512
513
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514  Table 3. Microwave acid digestion programs tested for sample preparation of ground
515  coffee.

516
Method HNO3 HCI H>0, H>SO4 Microwave oven programs
(mL) (mL) (mL) (mL) (time @ power)

1°: 10min @ 300W

A 3.0 - 1.0 - 2° 15min @ 800W

1°: 10min @ 400W

B 4.0 - 1.0 - 2°: 20min @ 800W

1°: 10min @ 400W

C 1.0 3.0 2.0 - 2°: 20min @ 800W

1°: 10min @ 400W

D 3.0 1.0 2.0 - 2°: 20min @ 800W

1°: 10min @ 400W

E 3.0 1.0 2.0 - 2°: 30min @ 800W

1°: 10min @ 400W

F 3.0 1.0 2.0 - 2° 40min @ 800W

1°: 10min @ 400W

G 3.0 1.0 2.0 0.5 2°: 20min @ 800W

1°: 10min @ 400W

H 3.0 1.0 2.0 0.25 2°: 40min @ 800W

1°: 10min @ 400W

| 3.0 1.0 2.0 0.5 2°: 40min @ 800W
517
518
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519 Table 4. Microwave acid digestion programs tested for sample preparation of coffee
520  drink.
521

Method Sample HNO; HCI H,0; Microwave oven programs
(mL) (mL) (mL) (mL) (time @ power)

1°: 10min @ 400W
A 3.0 5.0 - 2.0 2°: 40min @ 800W

1°: 10min @ 400W
B 5.0 5.0 - 2.0 2°: 40min @ 800W

1°: 10min @ 250W
2°: 10min @ 400W
C 5.0 4.5 0.5 ) 3% 40min @ 800W
4°: 10min @ OW

1°: 10min @ 250W
2°: 10min @ 400W
D 3.0 *5.0 *1.0 10 3° 40min @ 800W
4°: 10min @ OW

522  *Diluted acids to 20% (v/v).
523

524
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525
526
527

528
529
530

531
532

Table 5. Al concentrations in the three types of samples as determined by ICP-MS and
percentage leached from the metallic seals to ground coffee, and coffee drink.

Samples? Metallic seals* Ground coffee* Coffee drink?
(n=4) (n=3) (n=10)
Portion Pre Post Pre Post Post
Concentration | (80.0+2.5)° (79.4+1.1)* (2.5+0.9)* (8.5+2.0)* (0.46+0.09)°
Leachate (%) (0.001) (7.67)

LAll samples came from the same batch; 2Prepared without cleaning, as usually done by
the consumers; *Values as % (m/m); “Values as mg kg™; ®Values as mg L™; *Student’s
t-test at 0.05 significance level.
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533
534
535
536
537
538

539

Figure Captions
Figure 1. General outline of the experimental workflow.
Figure 2. Representative analytical average curve (n=3) using standard addition method

for Al determination in coffee drink samples.
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545  Figure 2
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