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Abstract—The objective of this study was to
identify and quantify toxic metals in selected
beverages marketed worldwide. Forty-eight
samples, comprising ready-to-drink juices, coffee
(from capsules), beers and soft drinks (from
cans), were subjected to elemental analysis by
inductively coupled plasma mass spectrometry
(ICP-MS). Fifteen samples (beer, coffee and soft
drinks) showed values above the recommended
for toxic metals such as mercury (Hg), silver (Ag),
antimony (Sb), beryllium (Be), thallium (Tl) and
titanium (Ti). These elements, even as trace
concentrations, can pose a threat to human
health when consumed over a lifetime We now
recommend a more in-depth study to possible
identify the origin of the contamination, whether
the raw materials, the packing material or the
production process itself.
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l. INTRODUCTION

Nowadays, the production and consumption of
alcoholic and non-alcoholic beverages such as ready-
to-drink juices, beer, and coffee, are on a large scale
around the world [1,2]. Apart from their nutritional
composition, they may also contain substances
considered as non-beneficial to the health, e.g., high
concentrations of sodium and sweeteners (like
aspartame) [3,4]. It is also possible that these
beverages could also contain other types of
contaminants, such as heavy metals [5,6,7].

Although the content of trace metals can be low for a
single dose of these beverages, the continued
exposure of toxic elements increase the risks of
potential bio-magnification effect on body tissues,
which can lead to complications such as dysfunction of
central nervous, reproductive and gastro-intestinal
systems, as well as genotoxicity [8,9]. For instance, it
is known the carcinogenic effect of cadmium, and the
long-term exposure of this metal may cause kidney
and liver damages [10].

In fact, authors around the world have already
investigated the incidence of toxic elements in
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industrialized beverages in some countries, which

demonstrated contamination with toxic elements as
cadmium, lead, mercury, aluminum, arsenic and tin in
samples [11,12,13]. Most of these contaminations
occur by a cascade effect, where soil or water
containing heavy metals contaminate flowers, fruits or
leaves used as ingredients for these beverages.
Another factor that can contribute for contamination is
the failure on hygiene process of the vegetables, since
the use of pesticides in the cultivation of fruits is
common and are hardly to remove without proper
sanitization — it is well known that pesticides and
fertilizers can be sources of toxic elements to human
health [14,15,16].

In order to enquire the possible risk that ready-to-
drink beverages can provide, this study aimed to
evaluate the concentration of 17 potentially toxic
metals via inductively coupled plasma mass
spectrometry (ICP - MS) in 48 processed beverages.

Il. MATERIALAND METHODS

Forty-eight samples of industrial beverages were
used in this study: 10 beers (in cans), 10 coffee
capsules, 17 juices (10 from carton-pack boxes and 7
from aluminum cans), and 11 soft drinks (in cans). All
samples were purchased in the local market of Juiz de
Fora (Minas Gerais State, Brazil) in December of 2017.

The samples were submitted to elemental analysis
by inductively coupled plasma mass spectrometry
(ICP-MS) in an Agilent 7700x spectrometer (Japan).
Aliquots (10 mL) of each sample were transferred to
heavy metal-free vials, acidified with 1% nitric acid
(HNO3) Suprapur® to pH <2.0 and stored until the
time of analysis.

For analysis, the aliquots were diluted to 25 mL with
Milli-Q water and then injected into the nebulizer of the
spectrometer by a peristaltic pump. Analyses were
conducted under an argon plasma flux of 15 mL/min at
26.00 MHz with 40 seconds of sample uptake at 0.3
rps and using a helium collision cell to selectively
attenuate all polyatomic interferences based on their
size. Standard curves (5 points) were used to quantify
the following elements: aluminum (Al), antimony (Sb),
arsenic (As), barium (Ba), beryllium (Be) bismuth (Bi),
cadmium (Cd), lead (Pb), mercury (Hg), nickel (Ni),
silver (Ag), tellurium (Te), thallium (TI), tin (Sn),
titanium (Ti), tungsten (W), , and uranium (U). All
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analyses were conducted in 7 (seven) replicates and M. RESULTS AND DISCUSSION

using metal-free plastic glassware.EASE OF USE

The data for toxic metal concentrations of the 48

beverages samples, on each group, are depicted in

Tables 1, 2, 3, 4 and 5.

Table 1 Trace elements quantification in beers (B).

Elemen

ts Results
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
0008 0002 0003 0123 0159 0.031 0026 0153 0052 0054
(2.000)  (L867) (1234) (L312) (2452)  (9.706)  (4792)  (L.351) (L957)  (0.876)
Be  <0.000) <0.000 <0.000 <0.000 <0.000  <0.000  <0.000 <0.000 <0.000  <0.000
L 0002 0002 0001 0066  0.052 0.095 0051 0045 0053  0.007
(4553) (5.700) (3.709)  (0.599)  (2.383)  (3.684)  (3.329)  (1.897)  (4.298)  (8.838)
i 0000 0000 0000 0011  0.003 0.001 0002 0003 0001 0003
(8.832) (6.882) (8562) (0.789) (3.213)  (2.693)  (2.935)  (3.640) (10.447)  (3.739)
ac 0000 0000 0000 0021 0026 0.023 0027 0017 0023 0009
(11.438) (11.474) (17.378) (L766) (0.948)  (1.156)  (L.069)  (1.226)  (2.730)  (2.309)
g 0001 0000 0000 0000  0.000 0.000 0.000 0000 0000  0.000
(2.452)  (2.828)  (6.228) (3415)  (6.705)  (5.215)  (12.956) (4.267)  (9.843)  (7.679)
0.001  0.001 0.001 0001 0001 0001 0001
Te <0000 <0000  <0.000  geeey  (5.650) (8.905)  (8577)  (5.87)  (12.739) (20.838)
5, 000 0001 0001 0052  0.058 0.061 0049 0065 0051  0.042
(3.859) (5.203) (6.658) (0.884)  (0.865)  (0.477)  (1.344)  (0.493)  (0.728)  (0.751)
w 0000 0000 0000 0003 0001 0.001 0002 0002 0001  0.004
(3.746)  (4436) (4567) (3.107) (2.826)  (3.014)  (2.626) (1.806)  (6.135)  (0.551)
0.000  0.000 0.000 0000 0000 0000  0.000
T <0000 <0.000  <0.000  (17509) (11.075) (8.080) (2.213) (41.659) (12.357) (11.438)
Ag  <0.000 <0.000 <0.000  <0.000 (1%%0704) (8:823) (2%1518) (g:ggé) <0000  <0.000
0.000 0.006  0.002 0.002 0002 0001 0002  0.000
Cd <0000 ghger) <0000 (4070)  (3832) (4821) (8744) (5.832) (6752)  (3.944)
0000 0000 0000  0.000 0.000 0.000  0.000
SN (6.462) (6520) (5.069) (9.622) 9000 5o3400) (8.416) (14.199) <0000 <0.000
pp 0000 0000 0000 0001  0.000 0.001 0001 0000 0000  0.000
(6542) (2.775) (26.112) (2.316) (2.957)  (L321)  (2.638) (2519)  (2.929)  (9.916)
5 0000 0001 0000 0003  0.001 0.001 0001 0002 0001 0001
(4206)  (1587) (12.057) (4003) (1973)  (L736)  (2.071) (1428) (15.667) (2.069)
, 0000 0000 0000 0000 0000 0.000 0001 0000 0000 . oo
(1619)  (2302) (2.253) (L966) (5512)  (2.688)  (0.784)  (2.172)  (7.987) :
g 1405 6319 2239 0402 0.202 0.373 0077 0162 0046 .
(9.015)  (L957) (9.452)  (9.548) (10.492)  (2.890)  (22.910) (13.948) (39.867)

Results expressed as [mean in mg/L (relative standard deviation)]. The results above limits are highlighted in bold.

Table 2 Trace elements quantification in coffees marketed in capsules(C).

Elemen Results
ts
1 o C3 Ca 5 6 C7 C8 o C10
0005 001 _ 0018  0.009 0.01 0007 0003 _ 0007 _ 0003 _ 0.004
(12559) (4.483) (4.969) (6.686) (2.732)  (3.688) (1285  (1.032)  (6.093)  (3.547)
Be  <0.000 <0000 <0.000 <0.000 <0000 <0.000  <0.000 <0.000  <0.000 (903030306)
L 0001 0003 0002 0002 0002 0003 0004 0012 0004 0004
(18271) (5.767) (18.154) (20.863) (9.692)  (4.301)  (2.167)  (1.526) (11.742) (14.188)
N <oo0p 0005 0002 0002 0002 0004 0001 0001 0001 0001
: (2.909)  (3.465)  (4.083) (4.142) (3514) (4.854) (4.109)  (6.340)  (4.927)
0.001  0.000 0.000 0.000 0000 0000  0.001
As <0000 15411) (22854) <0000 (1p77) <0000 4248  (15.149) (24.998) (13.853)
g 0000 0000 0000 0000 0000 0000 0000 0000 0000  0.000
(15.234) (9.964)  (5.554) (15.009) (8.310) (12.085) (4.503)  (6.682)  (6.729)  (3.527)
0.000 0000 0000 0000 0000  0.000 0.001
Te  (38807) (14.003) (23.641) (9.565) (22.788) (9.221) 0000 <0.000  <0.000 ., 5a))
5, 0004 0027 0028 0016 0017 0.08 0009 0004 0008  0.004
(2.045)  (0.937) (1.010)  (L.104) (L142)  (0.833) (1.480) (2.286) (0.937)  (1.480)
w 0000 0000 0000 0000 0000 0000 0001 0000 0000  0.002
(28.230)  (7.459)  (2.864)  (3.415)  (7.067)  (2491)  (L.937) (6.148)  (4072)  (2.128)
T 0000 0000 0000 0000 0000 0000 <0000 <0.000 <0000  0.000
www.jmest.org
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(1.870)  (3.189)  (7.634)  (3.847) (18.231)  (4.156) (4.709)

0.004 0.003 0.002 0.155 1.254

Ag <0000 [y <0000 <0000 et gheor sy <0000 <0.000 (e
0.000 0.000 0.000 0.000 0.000 0.000

Cd  (26672) (13.253) (10.068) (17.496) (34.061) (17.317) ~0-000 ~ <0.000 ~ <0.000  <0.000

sn <0000 0001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001

(4.404)  (13.437) (21.139) (13.405) (19.141) (5.755)  (7.286)  (2.781)  (2.747)

pp 0001 0.001 0.001 0.001 0.000 0.001 0.000 0000  _j,0g  0-000

(1.086)  (1.772)  (1.960)  (1.615)  (0.346)  (1.352)  (9.273)  (3.076) : (4.059)

Bi 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.002

(5.121)  (2.648)  (2.566)  (3.059)  (3.294)  (1.934)  (4.117) (7.344)  (6.988)  (1.407)

U 0.000 0.000 0000  _o oo 0000 0.000 0.000 0.000 0.000 0.000

(20.197)  (5.528)  (23.392) : (43510) (73.831) (1.284) (2.724)  (3.311)  (1.640)

Mo 0024 0.143 0.053 1.203 0.497 0.166 6.397 2.168 1.439 4.052

: (11.356) (36.773)  (2.973)  (4.356)  (9.951)  (4.132)  (5.773) (14.576)  (4.983)

Results expressed as [mean in mg/L (relative standard deviation)]. The results above limits are highlighted in bold.

Table 3 Trace elements quantification in juices marketed in carton-pack boxes (JB).

Eletr:en Results
(GJE)E IB2 (Pifjon B4 JB5 JB6 (Str;me” JBS JB9 JB10
Japple) (Orange) fruit) (Guava) (Grape) (Grape) v) (Peach)  (Apple) (Peach)
Al 0.018 0.004 0.004 0002 0006 _ 0003 _ 0009 _ 0010 _ 0006 _ 0011
(0.674)  (6.215)  (7.322)  (6.843) (1.898) (3.375) (5.271) (3.750)  (6.328)  (1.377)
0.000

Be (1opgez <0000 <0000  <0.000 <0000 <0000  <0.000  goe <0000  <0.000
. 0.000 0.000 0000 0000 0000 0001 0000  0.001
T <0000 n5118) (181.088) <9000  (60879) (22.111) (63.539) (28.166) (47.754)  (6.990)
\i 0.000 0.000 0.000 0000 0000 0000 0002 0001 0000  0.000
6.971) (10.162) (14718) (3.036) (5.003) (5.373) (2.674) (2.721)  (7.955)  (6.926)

A 0.000 0.000 0.000 0000 0000 0000 0000 0000 0000  0.000
(44.971) (12.928) (35.929) (52.934) (25.101) (12.935) (22.418) (15.079) (70.478) (21.593)

< 0.001 0.000 0.000 0000  0.000 0000 0000 0000 0000  0.000
(2.265)  (2.158)  (3.735)  (1.783) (3.826) (4.887) (7.558)  (1.555)  (5.681)  (6.506)

Te  <0.000 <0.000 <0.000 <0000 <0.000 <0000 <0.000 <0.000 <0.000  <0.000
5o 0.002 0.002 0.001 0002 0001 0001 0001 0007 0002  0.001
(2.803)  (3.104)  (4.949)  (2.145) (1.736)  (2.489)  (1.822)  (1.392)  (2.704)  (3.231)

W 0.000 0.000 0.000 0000 0001 0001 0001 0000 0000  0.000
(3.074)  (6.849)  (4.207)  (3.655) (3.448) (3565) (2.090) (2.116)  (6.059)  (2.566)

Tl <0.000 <0.000 <0000 <0000 <0.000 <0.000 <0.000 <0.000 <0.000  <0.000
Ag  <0.000 <0.000  <0.000  <0.000 <0.000 <0.000 <0.000 <0000 <0.000  <0.000
Ccd  <0.000  <0.000 (104070506) <0000 <0.000 <0.000 <0.000 <0.000 <0.000  <0.000
< 0.000 0.000 0.000 0000 0000 0001 0001 0000 0000  0.000
(110.554)  (8.346)  (10.957) (10.673) (12.354) (2.534) (2.823) (4.683) (10.373) (78.655)

0.000 0.000 0.000 0.000 0000  0.000 0.000
PO 44220 (1465 (342.005) <0000 (55975 <0000, o1gy 2o10) <0000 (11414
Bi <0.000  <0.000 (g'ggg) <0.000  <0.000  <0.000 (g'ggg) (606010203) <0.000  <0.000

0 0.000 0.000 0.000 0000 0000 0000 0000 0000 0000  0.000
(2.857)  (2.163) (2.733)  (3.014) (2501) (3.941) (L725) (2.393) (2.425)  (3.110)

9y 2.647 1.656 0.770 0496 0639 0795 0455  1.686 0890  1.191
9  (4496) (5.372) (11.265) (6.727)  (8.331) (42.648) (12.703) (7.798)  (8.133)  (6.096)

Results expressed as [mean in mg/L (relative standard deviation)]. The results above limits are highlighted in bold.
Flavors of the samples are described between parentheses.
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Table 4 Trace elements quantification in juices marketed in cans (JC).

Elements Results
JC1 JC2 JC3 JC4 JC5 JC6 JC7

(Grape) (Grape) (Peach) (Guava) (Guava) (Mango) (Grape)
Al 0.013 (1.160) <0.000 0.006 (13.631) 0.004 (7.096) 0.005 (1.899) 0.007 (6.977) 0.02 (2.225)
Be <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
Ti 0.000 (284.278) <0.000 0.000 (21.285) 0.000 (359.58) <0.000 0.000 (105.821) 0.000 (8.102)
Ni 0.000 (3.923) <0.000 0.000 (5.289) 0.000 (11.539)0.000 (11.364) 0.000 (8.024) 0.000 (5.259)
As 0.000 (17.223) <0.000 0.000 (28.298) 0.000 (17.498) 0.000 (39.959) 0.000 (14.762) 0.000 (11.870)
Sb 0.000 (2.438) <0.000 0.000 (3.704) 0.000 (4.714) 0.000 (2.306) 0.003 (0.855) 0.000 (4.868)
Te <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
Ba 0.002 (3.779) <0.000 0.005 (1.918) 0.005 (0.606) 0.004 (2.610) 0.011 (1.645) 0.007 (1.401)
w 0.000 (2.459) <0.000 0.000 (4.833) 0.000 (3.037) 0.000 (4.387) 0.000 (11.288) 0.000 (5.653)
T <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
Ag <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
Cd <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
Sn 0.000 (6.078) <0.000 0.000 (11.595) 0.000 (12.847) 0.000 (13.452) 0.000 (9.024) 0.000 (4.819)
Pb 0.000 (31.067) <0.000 <0.000 <0.000 <0.000 <0.000 0.000 (7.816)
Bi 0.000 (77.361) <0.000 <0.000 0.000 (12.969) <0.000 <0.000 <0.000
U 0.000 (3.229) <0.000 0.000 (3.294) 0.000 (4.063) 0.000 (1.968) 0.000 (4.618) 0.000 (6.402)
Hg 0.551 (11.385) 0.517 (9.775) 0.755(9.971) 1.779 (3.305) 3.407 (6.469) 0.487 (13.750) 1.264 (79.984)

Results expressed as [mean in mg/L (relative standard deviation)]. The results above limits are highlighted in bold.
Flavors of the samples are described between parentheses.

Table 5 Trace elements quantification in soft drinks (S).

Eleme Results
nts
(Guirlana s2 s3 sS4 S5 s6 s7 S8 S9 S10 s11
) (Cola) (Grape) (Grape) (Lemon) (Cola) (Cola) (Orange) (Grape) (Guarana) (Lemon)
o 0009 000L 0002 0003 000l 0025 0473054 002l 0072 0O 0022
(0.828) (5.090) (3.124) (4.936) (4563) (2.237)  5)  (A550) (14.373) (23.371) (4.111)
Be 2090 " 0000 <0000 2000 0000 5500 <0000 <0.000 <0.000 <0.000 <0.000
37.993) ¢ : (41.461) (2979.248) O : : : : :
. 0.001 0.006 0015 0018 0000  0.000  0.000
T <0000 (370g) <0000 <0.000  <0.000  5o0q) (5715 (2695) (45.364) (234.573) (227.054)
0000 0000 0000 0000  0.000 0.001
NI (1001) (4371) (5195 (6.162) (11.079) 0000 <0000  <0.000  g3555 <0.000  <0.000
0.000 0.001 0000 0000 0000 0004 0003 0001  0.002
AS  4p.014) <0090 (g990) (34.987) (40.965) (16.484) (3.614) (8.562) (78.185) (12.628) ~0-000
g, 0000 0001 0001 0000 0000 0000 0000 0000 0000 0000 o o
(4583) (L372) (L581) (3.140)  (4.973) (14.305) (21.600) (2.647) (158.375) (18.886) O
0.000 0001 0009 0000 0001  0.000
Te <0000 <0.000 <0.000 <0.000  <0.000 (1539589 (20212) (9.554) (33.595) (30.926) (2107.608)
5, 0001 0001 0001 0004 0001 0001 0002 0009 0008 0005  0.016
(2.744) (3.780) (2.795) (L813) (0.710) (8.667) (3.305) (L571) (11.482) (3.574)  (1.425)
w 0000 0000 000 0000 0000 0001 0001 0003 0000  0.000  0.000
(7.194) (5.038) (L554) (8.470) (10.711) (2.935) (3.615) (3.065) (19.191) (18.824) (13.437)
0.000  0.000 0.000 0000  0.000
T <0000 <0000 <0000 <0.000 <0000 o0l 0PN <0000 0008 O
Ag  <0.000 ((1)'?88) <0.000 <0000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000  <0.000
cg 0000 0.000 _ oo 0000  _ oo 0000 0000 0000 0000 0000  0.000
(80.554) (85.003) 0000 (1019877) <O (25.521) (8.161) (4.292) (12.031) (19.846) (17.104)
0.000 0000 0000  0.000  0.000 0.000 0.000
SN (22.808) (8.263) (12.868) (20.92) (215.258) ~0:000  <0.000 55499y <0000 14496 <0-000
by 0001 0000 0000 0000 0000  _ooo o oo 0000 0000 0002  0.000
(3551) (7.467) (4.354) (L470) (10.798) O 000 (370 530) (315.767) (3.323)  (9.124)
. 0.002  0.000 0.000 0001 0001 0000 000l  0.000
Bi <0000 <0000 ;750 (g763) <0000 14729y (2819) (2812) (62.739) (8.668)  (2.285)
0.000 0000 0000 0000  0.000 0.001
U (2880) (3731) (0764) (2103) (L158) 0000 <0.000  17ggq ~ <0.000  <0.000  <0.000
1431 3441 2442 1907  0.999 0.004 0.043
O (4444) (5691) (5.549) (4.879) (4.954) 0924 (350359) 0024 0024 0024 36305

Results expressed as [mean in mg/L (relative standard deviation)]. The results above limits are highlighted in bold.
Flavors of the samples are described between parentheses.
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In majority, elements selected for this study does
not have maximum concentrations limits determined
for beverages or food from governmental agencies as
World Health Organization (WHO), Central Disease
Control (CDC) or European Food Safety Authority
(EFSA). Therefore, for comparison parameters the
concentration limits established for drinking water by
those agencies were used [19,20,21,22].

Seventeen out of the 48 samples analyzed
presented some degree of contamination with toxic
metals, considering the acceptance concentration
limits described by World Health Organization for
potentially toxic metals [20,21]. The elements that
presented such high values were mercury (Hg), silver
(Ag), antimony (Sb), beryllium (Be), thallium (TI) and
titanium (Ti). On the other hand, arsenic (As), lead
(Pb), barium (Ba), bismuth (Bi), uranium (U) and
aluminum (Al) presented values considered suitable
for human consumption [19-27].

Mercury has no safety concentration level in
beverages determined by World Health Organization
up to date, but some works tried to establish
concentration limits for this metal and found results
between 0.003 mg/L and 0.005 mg/L [21,23,28]. The
analysis conducted in this study found higher levels
than those related in such study: 0.006 mg/L for
sample C7 and 0.006 mg/L for sample B2. Although
the main source of mercury contamination in the world
is the seafood consumption, an extensive study
analyzed the traces of metals in beer samples from
Poland and determined the highest level to be
0.00064 mg/L, considerably lower than the found in
this study [28,30]. Mercury has no known function in
the human body and its presence in the environment
comes from industrial and agricultural contamination
or by burning fossil fuels [17]. Its toxic effects include
mental, physical and respiratory diseases, besides to
be a pro-inflammatory element, which triggers pro-
oxidative processes and homeostasis-promoting cells
[15].

Silver contamination (quantities above the 0.08
mg/L) [21] was found in the samples B7 (0.110 mg/L),
C7 (0.155 mg/L), C10 (1.254 mg/L) and S2 (0.390
mg/L). This transition metal, known to have
antimicrobial properties, led the nanotechnology
industry to use silver nanoparticles in products such
as clothing, toothpaste, household appliances and in
packaging commonly used in beverages [29].
Nevertheless, the buildup of this metal can cause on
human cells membrane damage, reduction of
mitochondrial functions and increase of oxidative
damage [30].

According to the analysis performed in this study
for antimony, the sample JC6, whose value found
were 0.003 mg/L, presented levels above the
recommended for drinking water by the World Health
Organization, which is 0.002 mg/L[31]. Exposure to
antimony may cause nausea, vomiting, and irritation
of the gastrointestinal mucosa. In addition, long-term
exposure may lead to myocardial atrophy, whereas at
higher doses it may affect the lungs and may promote
liver disease and gallbladder insufficiency [32].

The presence of thallium beyond the
recommended limit of 0.00010 mg/ L [21] was found in
samples B4 (0.00018 mg/L), C2 (0.00011 mg/L) and
C4 (0.00012 mg/ L). A study evaluating traces of
thallium in drinking and non-potable water samples
found different concentrations of the oxidative forms
for this element, Tl+ and TI3+: 0.00084 mg/L and
0.00067 mg/L, respectively. These findings suggests
that beverages contamination may originate from the
water used in the productive process [33]. In the body
stream, thallium accumulates on cells, and a study
showed correlation between elevated levels of
thallium and the occurrence of premature births [34].

For beryllium, sample JB8 demonstrated levels
beyond the limits established for drinking water, which
is 0.0003 mg/L [34] (0.00037 mg/L). A similar study
with different wines showed beryllium concentrations
ranging from 0.00008 — 0.0032 mg/L, indicating a
certain trend in the presence of traces of this metal in
beverages derived from fruits [35]. In nature, this
element occurs as beryllium silicate, which are found
in rocks, oil and volcanic dust. The excess of this
metal is reliable to soil contamination, and the plants
from the contaminated ground will present a higher
concentration for this metal [34, 35].

Titanium were found in higher concentrations in
more samples than other analyzed metals. It can
indicate that contamination by titanium in beverages
are commonly. Seven samples had values above the
recommended concentration for World Health
Organization for any kind of exposure (0,015 mg/mL)
[21]. The samples were B4 (0.0066 mg/L), B5 (0.052
mg/L), B6 (0.095 mg/L), B7 (0.051 mg/L), B8 (0.045
mg/L), B9 (0.053 mg/l) and S8 (0.018 mg/l). One
possible reason for this contamination is the
anticorrosion application attributed for titanium dioxide
(TiO2) and its use as beverage colorant [37]. High
levels of continuous exposure to titanium dioxide can
cause cardiorespiratory dysfunction, exercising
catalytic functions [21].

The contaminations found in this study could be
related to a sort of events, and a few of them can be
detected and/or neutralized: contamination of the soil
were the natural ingredients (plants) grow;
contamination of the water used on the manufacturing
process; the cross contamination by a synthetic
compound used on the formulation; or the
contamination by failure on packaging process.
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Based on results, the four types of beverages
tested on this study (beers, coffee capsules, juices,
and soft drinks) were mostly free of toxic elements.
However, from the 48 samples, 15 of them showed
values above the recommendation concentration for
one toxic element and 2 of them demonstrated values
above for two toxic elements (the C7 sample had
values above for silver and mercury and B4 for
thallium and titanium).

These findings contribute to the conclusion that
ready-to-drink beverages have to improve quality
control standards, since only 62.5% of all samples are
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on accordance for concentration of toxic elements.
Although in majority samples values of toxic elements
did not present risks to health in single doses, the
continuous consumption can led to biomagnification
and toxicity. Another problem of the beverages of this
study that is exclusive of beers is the possible liver
damages trigged by alcohol intake.
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