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Abstract

Total arsenic and water-soluble arsenic species were determined in canned
fish bought in Graz (n = 6) and Prague (7 = 8) with inductively-coupled plasma
mass spectrometry and anion-exchange liquid chromatography. A difference in
total arsenic content between samples from Prague (mean 3.4; standard deviation
(s.d.) 1.2 mg kg™) and Graz (mean 2.5; s.d. 0.7 mg kg™') was not significant,
however Prague samples differed in abundance of arsenobetaine (mean 83%
of extractable arsenic; s.d. 16%) vs. Graz samples (mean 66%; s.d. 10%). No
differences in total arsenic were caused by fish species (mackerel, sardine, herring,
tuna) and origin (Northeast and Eastern-central Atlantic).
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Introduction

Arsenic has belonged to the category of probable carcinogens for more than
a hundred years, but only in the seventies and eighties was it shown that arsenic
can cause skin cancer and was therefore moved into the category of proven
carcinogens. Over time, it was shown that various arsenic species have different
toxicities. Organic arsenic compounds, in particular dimethylarsinic acid (DMA),
methylarsonic acid (MA) and arsenobetaine (AB), are less toxic than inorganic
compounds containing trivalent (As (III)) or pentavalent arsenic (As(V))
[1-3]. Nowadays, more than 100 different organic arsenic compounds are
known. In addition to those above, relatively harmless arsenocholine (AsC) and
various arsenosugars and arsenolipids can be mentioned as examples of organic
arsenic species. Plant hyperaccumulators, such as some ferns, can bind arsenic in
complexes usually with phytochelatines [4, 5]. More information about arsenic
species can be found elsewhere, e.g., in [6].

Arsenic enters the human diet via both plant and animal sources. Rice is
considered the most important plant source of arsenic. Depending on location,
rice contains up to hundreds of ng As g and contaminated rice can cause
chronic poisoning in large populations [7-10]. Rice contains arsenic mainly in

the inorganic form, followed by DMA [9-11].

Another important source of arsenic in the human diet is represented by
fish and seafood. Fish meat contains the largest proportion of arsenic in the
form of AB, which is generally regarded as non-toxic. Minor amounts of arsenic
may also be present in the form of As(V), MA and DMA. Since in aquatic
biota arsenic is a cumulative element, its content in such foods can achieve

Kana et al.

10


mailto:kanaa@vscht.cz
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Analysis of Main Arsenic Species in Canned Fish Marketed in the Czech Republic and Austria

Kana et al.

considerable levels. Thus, for example, the fish Urophycis cirrus
caught in the Atlantic Ocean on the shores of Brazil contained
34.0 mg As kg™ (on dry mass basis); the dominant species was
AB (33.5 mg As kg™) [12]. Recently, extensive consideration
was given to the arsenic content in fish meat, with scientific
databases containing more than 300 scientific publications.
Basic information can be drawn e.g. from reviews [13-15].

Although the number of known arsenic species has
reached more than 100, for a basic assessment of food or food
raw materials, the analysis of only a few is sufhicient. Usually,
only polar arsenic compounds are analysed, and consequently
aqueous extraction agents are often applied during the
sample preparation step [16]. The efficiency and rate of
extraction can be increased by the application of microwaves
or ultrasound. The analysis is then performed by combining
liquid chromatography (LC) with a sensitive element selective
detection, typically by inductively-coupled plasma mass
spectrometry (ICP-MS). The main separation technique
used in this case is anionic ion-exchange chromatography
(A-IEC). Using this technique, all cationic species (AsC,
tetramethylarsonium salts) and zwitterionic species (AB) are
eluted near the dead volume of the column. However, since the
dominant component in this group is AB, the entire content
of arsenic corresponding to this peak is usually assigned to AB.
The elution of anionic species (As(IIl), DMA, MA, As(V))
normally follows the peak of AB. As(IIl) is not very well
separated from AB when the pH of the mobile phase is below
8.'This problem is frequently solved by analysis of the sum of
As(IIT) and As(V) instead of individual species. Therefore, in
some procedures, As(III) is converted to As(V) by oxidation
with hydrogen peroxide prior to chromatographic analysis (see
[17, 18] for fish tissue analysis, [19] for analysis of urine or
[20] for analysis of blood). The other species of arsenic MA,
DMA, and As(V) are separated with very good resolution.
Only in special cases, an analysis by A-IEC is complemented
by a parallel analysis using cationic IEC for the determination
of cationic species. Of the many articles published recently, the
reviews [21-23] can be recommended.

'The aim of this publication is to atleast partially fill the
gap in knowledge concerning arsenic species occurring in
foods on the Czech market. Fish consumption in the Czech
Republic is very limited compared to coastal states, which may
be why this seemingly insignificant source of arsenic in our
diet has been omitted so far. To date, only a few studies have
been published on the total content of arsenic in the meat
of wild and farmed fish from the Czech Republic (see the
investigation of chub [24], various fish living in Slezska Harta
reservoir [25], carp [26, 27], and trout [28]). Information
about the arsenic species in food on the Czech market has
not yet been published. For our study, canned fish commonly
available on the Czech market were chosen. Besides the actual
determination of arsenic and its species, the comparison with
similar products purchased in Austria was carried out. For
this reason, the analyses were conducted at two workplaces,
i.e. University of Graz (UG) and University of Chemistry and
Technology Prague (UCT).

Material and Methods

Equipment

Speciation analyses were performed in two work places.
The laboratory of UG was equipped with an Agilent 8800
(Agilent Technologies, Santa Clara, CA, USA) ICP-MS
connected with an Agilent 1100 liquid chromatographic
system, while the laboratory of UCT used a NexION
350D (Perkin Elmer, Concord, Canada) ICP-MS and the
chromatographic apparatus consisted of a high-pressure pump
Series 200 (Perkin Elmer) and a Rheodyne 9010 (Idex Health
& Science LLC, Rohnert Park, CA, USA) injector equipped
with a PEEK sample loop. Ion-exchange chromatographic
columns PRP-X100 (150x4.6 mm, 5 pm, Hamilton) were
used for the separation of arsenic species at both workplaces.
Sample decomposition for total arsenic determination
was performed in UltraClave 3 (Milestone, MLS GmbH,
Germany) (UG) or Speed Wave 4 (Berghhof, Eningen,
Germany) (UCT). Other equipment used in UG included:
freeze-dryer Christ GAMMA 1-16 LSC (Martin Christ,
Osterode am Harz, Germany), and centrifuge Rotina 420 R
(Hettich, Tuttlingen, Germany). Similar equipment used in
UCT was: freeze-dryer Christ Alpha 2-4 LD, ultrasonic baths
U300 (Ultrawave, Cardif, UK), and MPW 211 centrifuge
(MPW Med. Instruments, Warsaw, Poland).

Samples and pre-analytical sample preparation

Two series of samples were analysed. The first series was
purchased in SPAR and Lidl supermarket chains in Graz
(Austria) in 2015 and analysed at UG (samples G1-G6). The
next series was purchased from the Kaufland supermarket chain
in 2016 in Prague (Czech Republic) and was analysed at UCT
(samples P1-P8). Samples comprised both fish meat in brine and
in oil; details are given in table 1. After removing the brine or
oil, the meat was carefully dried with cellulose tissue and sliced.
Pieces of meat were freeze-dried and consequently milled.

Journal of Food Chemistry and Nanotechnology | Volume 4 Issue 1,2018

Table 1: Overview of analysed samples. )
Sample | Description Origin
G1 Tuna fish in brine Eastern Central Atlantic
G2 Herring in brine Northeast Atlantic
G3 Anchovy in olive oil Southwest Atlantic
G4 Mackerel in sunflower oil Eastern Central Atlantic
G5 Sardine in sunflower oil Eastern Central Atlantic
Gé6 Mackerel in sunflower oil Northeast Atlantic
P1 Sprats in rapeseed oil Northeast Atlantic
P2 Tuna in soybean oil Western Central Pacific
P3 Herring in rapeseed oil Northeast Atlantic
P4 Sardinella in brine with 3% Eastern Central Atlantic
rapeseed oil
P5 Mackerel in sunflower oil Eastern Central Atlantic
P6 Sardine in brine Eastern Central Atlantic
p7 Mackerel in rapeseed oil Northeast Atlantic
P8 Tuna in brine Eastern Central Atlantic
\ J
11



Analysis of Main Arsenic Species in Canned Fish Marketed in the Czech Republic and Austria

Kana et al.

Reagents

Sample digestion was performed with sub-boiled (UG) or
Suprapur® grade (Merck, Darmstadt, Germany) (UCT) nitric

acid.

Standard solutions of 1000 + 2 mg L™ of Ge and As
(Certipur®, Merck, Darmstadt, Germany) were used for the
preparation of internal standard and calibration solutions in
the case of total arsenic content determination.

Calibration standards of arsenic species were (UCT):
arsenobetaine (purum 2 98%), sodium arsenate dibasic
heptahydrate (= 98%), dimethylarsinic acid (approx. 98%) (all
Sigma-Aldrich, St. Louis, USA), and disodium methylarsonate
(Supelco, Bellefonte, PA, USA); (UG): in-house prepared
arsenobetaine, sodium arsenate dibasic heptahydrate (Merck,
Darmstadt, Germany); methylarsonate (in-house prepared
from As,O, and CH.I); and sodium dimethylarsinate (Fluka,
Buchs, Switzerland).

The certified reference material DORM-2 “Dogfish
Muscle” (NRC, Canada) was used for the method verification.

A solution of 20 mmol L™ ammonium dihydrogen
phosphate  (99.999%, trace metal basis, Sigma-Aldrich,
Steinheim, Germany) served as a mobile phase. The pH
was adjusted via the addition of a 25% ammonia solution
(Suprapur®, Merck, Darmstadt, Germany) to 6.0. Hydrogen
peroxide (Suprapur®, Merck, Darmstadt, Germany) was
used for the oxidation of As(III) to As(V). Milli-Q_water
with a specific resistivity of 18.2 MQ cm (Merck-Millipore,
Darmstadt, Germany) was used for the preparation of all
solutions.

Methods

Both cooperating workplaces used almost identical
methods of sample preparation and analysis. Minor differences
lie only in the use of chemicals of various origins, but of

comparable purity.

Determination of total arsenic content

Pulverised samples (0.2 g) or sample extracts (2 ml)
were decomposed using microwave digestion with 5 mL of
conc. nitric acid. After cooling, the samples were spiked with
germanium internal standard solution (IS) to make final
concentration of 200 pg L™ Ge and the volume was filled to
50 mL by water. The ICP-MS measurements were performed
under the conditions summarised in table 2. Calibration
solutions containing 0,10 and 50 ug As L' (UCT) and 0,0.1,
0.5,1,5,10,50 and 100 pg As L (UG) were prepared via the
dilution of a stock arsenic solution and were also spiked with
the IS solution.

Speciation analysis

Portions of freeze-dried samples (= 0.2 g) were weighed
into 15 mL polypropylene tubes and extracted with 4 mL
of water for 15 min in an ultrasonic bath. The extracts were
centrifuged for 10 min at 4500 rpm, and then filtered through
2 0.45 pm (UCT) or 0.2 pm (UG) syringe filter (Whatmann,
Buckinghamshire, UK) before analysis. To a 2 mL portion of
filtrate,0.1 mL of hydrogen peroxide was added one hour before

the chromatographic analysis. Oxidation was carried out at
approx. 40 “C. Determination of individual arsenic species was
performed by an on-line hyphenation of HPLC and ICP-MS
under the conditions given in table 2. Calibration solutions of
arsenic species (AB, DMA, MA, As(V)) containing 1, 5, 10,
50 and 100 pg As L (UCT) and 0.1, 0.5, 1, 5, 10, 50 and 100
pg As L (UG) were prepared by diluting the stock solutions

of arsenic species with water.

~
Table 2: ICP-MS and chromatographic operating conditions for used MS
spectrometers.
PerkinElmer NexION | Agilent Agilent 8800
7500cx
Total Speciation Total arsenic | Speciation
arsenic analysis analysis
RF power 1100 W 1550 W
Measurement peak hopping spectrum time resolved
mode analysis
Measured As, *Ge | "As As, “Ge SAs -7 As°O
nuclides
Acquisition time | 500 ms 1000 ms 500 ms 300 ms
Cell gas flow 0.3 mL min™ NH, 40mLmin"He | 2.5 mL min™O,
RPq 0.75 -—- -
Option gas -—- 15% CO, 16% CO,
Total acquisition | --- 540s -—- 600 s
time
Sample injection 100 pLL 20 pL
volume
Mobile phase - 1.4 mL min™ | --- 1.0 mL min™
flow
Column - 40°C - 40°C
temperature

/

Method validation by analyses of DORIM-2 certified reference

material

The extracts were prepared from 100 mg samples by
extraction into 10-ml portions of water under the conditions
described above. Three series of six extracts were prepared.
The first series was analysed without any change, whereas the
second and third series were spiked by the arsenic species. The
concentration of DMA, MA, and As(V) corresponded to 1 pg
As L and 5 pg As L for each of these species for the second
and the third series, respectively. The concentration of added
species AB corresponded to 50 pg As L' and 100 pg As L™

for the second and the third series, respectively.

Results and Discussion

Optimisation and performance characteristics of speciation
analysis

The basic characteristics of the methods of arsenic
speciation analysis by coupling of A-IEC and ICP-MS were
studied in detail in the workplace of UCT. The determination
of arsenic (monoisotopic element 75As) using ICP-MS is
disturbed by spectral interference due to the formation of
“Ar¥Cl* ions. The tests of this interference were performed
using the 0.01 mol L™ HCI solution, which corresponds to
the expected concentration of chloride ions in the extracts of

Journal of Food Chemistry & Nanotechnology | Volume 4 Issue 1,2018
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fish samples. The spectrometer PE Nexlon, which was used for
these experiments, is equipped with universal cell technology.
This means that the cell is able to work as the collision cell,
in which the elimination of polyatomic ions is based on the
discrimination of their kinetic energy via collisions with
the atoms of collision gas, or the reaction cell, in which the
polyatomic ions react with the molecules of reactive gas to
form a new product not exhibiting interference. For more
details, see e.g. in [29]. When the measurement is carried out
in the standard mode (without collision or reaction cell), the
background equivalent concentration (BEC) (i.e. the false
positive signal caused by the interference) of 0.01 mol L™
HCl solution was 1.25 pg As L. This can cause a considerable
distortion of results. The application of collision cell mode
(collision gas helium) did not give satisfying results with this
instrument (Table 3). In order to operate without a significant
loss of sensitivity, it is necessary to work with a low flow rate
of He; interferences are removed by the 50% rate only. The
increase of He flow allowed the BEC to be reduced to a
reasonable level, below 0.05 pg As L7, but it was accompanied
by a substantial decrease in sensitivity to a level of about 10%
compared to the standard mode. On the other hand, when
reaction cell mode was applied (reaction gas ammonia), the
careful optimisation of gas flow and rejection parameter q
(RPq, parameter affecting flight of ions through the cell and
the removal of reaction product) enabled BEC to be decreased
to a negligible level of 0.03 pg As L™ As without the loss of
sensitivity (see Table 3).

Table 3: Spectral interferences due to ArCl" ion (measured on PE NexION
spectrometer).
Condition Sensitivity (cps BEC (0.01 mol L HC1
per1pgAsL™) solution, pg As L)
Standard mode 5730 1.25 (equivalent to a signal of
7160 cps)
Collision mode
0.6 mL min™ He 5300 0.65 (equivalent to a signal of
2.6 mL min™ He 618 3450 cps)
0.04 (eqléi%/%lfxé; 5) a signal
Reaction mode
0.3 mL min™ NH,, 6130 0.03 (equivalent to a signal
RPq =0.75 of 158 cps)

The external calibration with multi-species calibration
solutions is a very common procedure in speciation analysis
and represents a standard approach; its weakness is that
some standards could be unavailable and quantification of
unidentified species can be questionable. In the ideal case
of the same sensitivity for all species of the element, the
calibration procedure can be restricted to the use of standard
solutions of a single species. Such an approach facilitates the
easy quantification of all species, regardless of whether the
composition is unknown and/or the standard is unavailable.
Therefore, the linearity and slopes of calibration curves of the
most common arsenic species were checked. In the first step,
stock solutions AB, As(V), MA, and DMA at a concentration
corresponding to 1000 mg As L™ were prepared. The true

concentration of arsenic in these solutions was determined

and their uniformity was confirmed by the determination
of total arsenic using ICP-MS after decomposition of
sample in microwave unit and conversion of all species to
As(V). Consequently, five of the mixed calibration solutions
containing all four species at levels corresponding to 20, 40,
60, 80, and 100 pg As L™ were prepared and subjected to
speciation analysis. The acquired chromatograms are depicted
in figure 1 showing a very good separation of these species,
even at high concentrations. The linearity of calibration lines
based on the peak area were proven by Mandel’s test (o =
0.05) [30] for all species. Moreover, the calculated values of
slopes of all calibrations (19060 + 380 for AB, 19300 = 320
for DMA, 19150 = 260 for MA, and 19400 + 270 for As(V))
were identical. The test was performed by the comparison of
confidence intervals of individual slope values. However, in the
case of a real sample analysis, the sensitivity of individual arsenic
species detection could be affected by matrix components, see
figure 2. Alkali elements were eluted in a broad tailed peak
with a maximum located close to the point of void volume of
the column. The signal for chloride ions was also very broad.
The figure nicely demonstrates the efficient removal of spectral
interferences by using the reaction cell mode of measurement.

4 N\
300000
m
S AsB
— S
> 250000 DMA
2
MMA
£ 200000 |
=
(%}
= 150000 | AsY
a.
124
100000 |
50000 ¢t
0
0 2 4 6 8
tp (min)
Figure 1: Chromatograms of mixtures of As species at concentration
levels of 20; 40; 60; 80; 100 pug L™ As, anion-exchange chromatography:
column PRP-X100, 20 mmol L™ phosphate buffer pH = 6.0.

A\ J/

The limit of detection (LOD) was estimated by tripling
the standard deviation obtained when the solution containing
all arsenic species at the very low level of 0.25 pg As L™ was
repeatedly (7 = 6) analysed. The identified limit of detection for
all species was 0.030 pg As L. This value is comparable with
the BEC value, see above. The chromatogram of AB, DMA,
MA and As(V) corresponding to this concentration is shown in
figure 3. Corresponding limit of quantification (LOQ) estimated
as ten multiple of standard deviation is 0.10 ug As L™

The accuracy of the determination was verified using
DORMS-2 certified reference material of Dog Fish Muscle.
Two kinds of test were performed. In the first test, the CRM
was utilised only as a sample matrix and the standard additions
ofindividual arsenic species were used for the accuracy tests. The
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results are shown in table 4. The accuracy of the determination
of all species was proven by the Student t-test (a = 0.05).
Moreover, the accuracy of arsenic species determination was
also proven indirectly: the sum of contents of all species found
by speciation analysis corresponds to the value 17.4 + 0.7 mg
As kg™, which is in excellent agreement with the certified total
content of As in DORM-2 CRM of 18.0 + 1.1 mg As kg™
The second test consists in determination of AB in unspiked
samples. Observed value 16.8 + 0.6 mg As kg™ was again in very
good agreement with certified value of AB-arsenic content of
16.4 + 1.1 mg As kg™. Although the arrangement of speciation
analysis did not enable the application of the internal standard
during the ICP-MS measurement, it is obvious that varying
the salt elution during the chromatographic separation (see
figure 2 and discussion above) did not affect the quality of
results.

1.0E+08

1.0E+07

1.0E+06

ICP-MS intensity (cps)

1.0E+05

1.0E+04

1.0E+03

10
tz (min)

Figure 2: Elution of alkali elements, chloride ions and arsenic species
from fish extract, anion-exchange chromatography: column PRP-X100,
20 mmol L phosphate buffer pH = 6.0 Dashed line indicates the
hypothetical positions of arsenic species not present in the extract.
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Figure 3: Chromatogram of As species at concentration level of 30 ng L™
As, anion-exchange chromatography: column PRP-X100, 20 mmol L™
phosphate buffer pH = 6.0, injection volume 100 pL.

\

Table 4: Result of determination of arsenic species in original and spiked
extracts of DORM-2, results are given as a mean of 6 determinations (RSD%).
Species | 1% series 2 series 3 series
original spiked extract level 1: spiked extract level 2:
extract AB 50 pg As L AB 100 pg As L
DMA 1 pg As L? DMA 5 ug As L
MA1pg As L™ MA S5 pg As L
As(V) 1 pg As L As(V)5pg As L™
Concentration | Concentration | Recovery | Concentration | Recovery
(ug L7 As) (ug L As) (%) (ng L As) (%)
AB 168 (3) 219 (2) 102 3) 2702) | 102(2)
DMA 5.57 (4) 6.54(2) 97 (4) 103 (2) 95 (4)
MA 055 (13) 1.51 (4) 96 (13) | 550(2) | 99(13)
As(V) 0.00 1.01 (5) 101(5) | 490(2) 98 (2)

o

Analysis of canned fish samples

The described methods were used for the determination
of total arsenic and major arsenic species in samples of canned
fish. Table 1 shows the sample kind, origin and packing media.
All samples and sample extracts were analysed for the total
arsenic content after microwave decomposition and all sample
extracts were subjected to the speciation analysis. The results
are shown in table 5; an example of chromatogram is shown
in figure 4. Some analyses of total arsenic were performed in
duplicates in both UCT and UG laboratories and the results

were in a gOOd agreement.

4 N\

5000

AsB
4000

3000 t
DMA

ICP-MS intensity (cps)

2000 t

1000

O 1 1 1 L

0 2 4 6 8
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Figure 4: Chromatogram of arsenic species in Sardinella aurita extract,

anion-exchange chromatography: column PRP-X100, 20 mmol L*
L phosphate buffer pH = 6.0, flow rate 1.4 mL min™.

J

'The levels of arsenic and its species in fish can be influenced
mainly by the feeding habit of a fish species and the arsenic level
in environment, however some changes due to the age of fish
[31] or season [32] have also been observed. The significance
of variation in the concentrations of arsenic and its species
across the various sample origin, fish species, and canned fish
origin (o = 0.05) was tested by ANOVA and Student t-test.

Arsenic extraction efficiency within sample preparation was
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different for individual samples. Therefore, in order to assess
the variability of arsenic species content, the percentage of
arsenic in the corresponding species related to the extractable
arsenic content was used as the followed factor instead of the
absolute content of individual species. No significant variation
in total arsenic content in canned fish marketed in the Czech
Republic (3.4 (1.2) mg kg™) and Austria (2.5 (0.7) mg kg™)
(data are presented as mean and standard deviation in brackets)
was found. Prague samples differed from Graz samples only
in abundance of arsenobetaine, see Table 6. As to the other
parameters, the ANOVA suggests no significant difference in
total arsenic, AB, and DMA levels across the fishing areas.
Regarding the fish species, differences in total arsenic also
were not found, however, differences in AB percentage were
noticeable. The AB percentage was found to range from 62 to
96%. The highest AB percentage was found in tuna fish. The
differences in DMA percentage and total as content among
individual fish species were not significant.

Table 5: Results of determination of total arsenic and arsenic species in
canned fish. Results are given in mg As kg™ and are related to the dry
sample. Values of total arsenic are mean of three analyses *+ expanded
uncertainty (£ = 2), the other value are mean of two analyses.
Sample | Total As Extractable As* | AB* | DMA | MA As(V)
G1 2.60 +0.06 | 2.54 (98%) 1.985 | 0.005 | <0.0006 | <0.0006
G2 3.29+£0.07 | 1.70 (52%) 1.227 | 0.013 | <0.0006 | <0.0006
G3 1.52+0.21 | 0.58 (38%) 0.370 | 0.029 | <0.0006 | 0.011
G4 2.08 +0.07 | 1.45 (70%) 1.021 | 0.030 | <0.0006 | 0.008
G5 3.09 021 | 1.27 (41%) 0.643 | 0.129 | 0.0018 0.0008
G6 2.37+0.10 | 0.42 (18%) 0.243 | 0.027 | <0.0006 | <0.0006
P1 2.84+0.13 | 0.25 (9%) 0.158 | 0.018 | <0.0006 | 0.004
2.86 +0.12°
P2 3.24+021 | 1.35 (42%) 1.366 | 0.035 | <0.0006 | <0.0006
3.35+0.20°
P3 4.37+0.36 | 0.76 (17%) 0.667 | 0.014 | <0.0006 | <0.0006
4.82+0.78
P4 3.52+022 | 1.09 (31%) 0.868 | 0.029 | <0.0006 | <0.0006
3.93+0.16°
P5 2.14+0.19 | 0.86 (40%) 0.648 | 0.023 | <0.0006 | 0.003
2.30+0.20°
P6 3.30 £0.27 | 0.84 (25%) 0.704 | 0.021 | <0.0006 | <0.0006
3.95 +0.16°
P7 5.23+0.31 | 0.40 (8%) 0.263 | 0.047 | <0.0006 | 0.003
5.56 +0.10°
P8 1.76 £ 0.18 | 1.06 (60%) 1.135 | 0.049 | <0.0006 | <0.0006
1.95 £ 0.20°
* Percentage in brackets is related to the total arsenic content.
**This value represents the sum of AB and other cationic species, however
their abundance is less than 3%.
§ Results of parallel analyses performed in UG laboratory.

The extraction yield of arsenic achieved by the applied
procedure was low for most canned fish samples. This means
that for most samples, the contents of individual arsenic
species shown in table 5 (expressed as arsenic) are not related
to the whole mass of samples. Consequently, the evaluation
of the results of speciation analysis from the point of food
toxicology and nutrition is questionable. Nevertheless, all

the analyses showed non-toxic AB as the most abundant
arsenic species followed by low-toxic DMA. On the other
hand, the more toxic species MA and highly toxic inorganic
arsenic (represented by As(V)) were not detected at all in
the overwhelming majority of samples. This indicates that
the danger of toxic action of arsenic compound originating
from canned fish is unlikely. Moreover, the total content of
As in canned fish samples is low, especially in view of the fact
that EU legislation [33] does not set any limit for arsenic in
fish. The total content of arsenic in dry matter of fish samples
ranged from 1.52 to 5.23 mg kg™ corresponding approx to 0.5
to 1.7 mg kg in fresh matter.

Table 6: The average total As content (mg kg™, dry weight) and its species
percentage of extractable As (/m%, dry weight) in the canned fish. The
averages marked by the same letter did not significantly differ at 0<0.05
within individual columns; data are presented as mean (standard deviation).
Groups Total As AB DMA
Prague 3.4(1.2)* 83 (16) * 4.5(3.4)*
Graz 2507 | 66(10)° | 4.1(3.8)
Northeast Atlantic 3.6 (1.2)* 69 (12)* 5.6 (4.4)*
Eastern Central Atlantic 2.6 (0.7)* 78 (17)* 3.6 (3.2)*
Mackerel 3.0 (1.5) 67(7)* | 5.7(44)
Sardine 3.2(0.1)® 67 (23)® 6.3 (5.4)*
Herring 3.8(0.8)* 80 (11)* 1.3(0.8)®
Tuna fish 2.5(0.7)® 96 (15)° 2.5(2.2)"

The low extraction yield found for most canned fish
samples strongly contrasted with the accurate results of
DORM reference material analysis (see Table 4). This
demonstrates that proving accuracy of a procedure using CRIM
does not necessarily mean that the procedure works properly
in the case of real samples even if the sample matrix is similar.
We suppose that the low efficiency of aqueous extraction
procedure was caused by insufficient breakage of cellular
structures of fish samples and partly also by a fat-coverage
of some sample particles originated from sample matrix (fish
in oil). Nevertheless for three samples (G1, G4 and P8) the
extraction yield was good or satisfactory (60 to 98%). In these
samples, the arsenic species distribution was analogous to that
mentioned above: AB was the main quantified species followed
by DMA, whereas MA was not detected and inorganic arsenic
was either not detected or present in only trace amount (0.008

mg kg™ in G4).

Considering the wider range of circumstances, fish
consumption brings important nutritional benefits, such
as favourable fatty acids composition, increased intake of
lipophilic vitamins and selenium. This partially balances
the toxic effects of both mercury and arsenic compounds
contained in fish. Seen from this view, the risk associated with
toxic arsenic species in canned fish is insignificant.

Conclusion

Our experiments proved a high reproducibility of
determination of total arsenic concentration by ICP-MS. The
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results of samples analysed in parallel in both laboratories
fitted very well. Also, the total concentrations of arsenic in
the samples of canned fish purchased in both countries did
not differ. Although only a limited set of samples has been
analysed, this is an important finding. Recently, differences in
the quality of some food between “older” EU countries (like
Austria) and “newer” EU countries (like the Czech Republic)
were several times noticed. However, canned fish do not seem
to be the case.
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