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ABSTRACT: This work describes a simple and rapid screening method for direct
speciation of arsenobetaine (AsB) in tuna fish tissue and total As in tuna fish tissue
and robalo liver using SLS-GF AAS. All procedures were proposed after careful
optimization of pyrolysis and evaluation of chemical modifiers. Best results for
total As were acquired using 25 pg Pd + 15 pg Mg + 0.1% w/v Triton X-100 in
tuna fish (4.4 + 0.3 mg kg™) and 100 pg Pd + 0.1 % w/v Triton X-100 solution in
robalo liver (10.3 £ 0.6 mg kg™?) as chemical modifiers. The direct speciation of
AsB (3.6 + 0.4 mg kg™) in tuna fish was achieved when 5 pug Pd + 3 pg Mg + 0.1%
w/v Triton X-100 was used as a chemical modifier. Accuracy was verified using a
tuna fish certified reference material (CRM BCR 627), with statistically equivalent
concentrations (Student’s t-test) for both total As and AsB.

1. Introduction followed by the methylated (MMA) and

dimethylated (DMA) forms*. Although fishes can

Marine organisms have been intensively used as
bioindicators for ecological risk assessment,
enabling the monitoring of potentially toxic
elements, such as arsenic (As), which provides
information about the risk of human
contamination®. Consequences of exposure to As in
humans include progressive deterioration in motor
and sensory responses, problematic pregnancy
outcomes, cardiovascular disease and skin
hyperpigmentation, as well as lung, skin and
bladder cancer, and even death?®. However, the
toxicity of As depends on its chemical species. The
most toxic As species present in marine organisms
are the arsenite (As(lll)) and arsenate (As(V)),
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contribute with up to 90% of all arsenic exposure
originated from food, only a low portion of this
element is present in its inorganic form. This is
related to the presence of large amount of
arsenobetaine (AsB), which is a relatively non-
toxic form of arsenic. In general, AsB correspond
to 80-90% of As in fish45.

Taking into consideration that different As
species induce different toxicity levels, some
countries have established regulations for
inorganic As content in food. China, for example,
set maximum inorganic As levels for inspection of
aquatic products (fish and products from fish, with
the exception of live fishes). In this case, inorganic
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arsenic (iAs) was regulated to a maximum of 0.01
mg kg* and 0.5 mg kg for finfish and other fishes,
respectively®. The maximum level of iAs in marine
organisms was also regulated by Australia and was
set as 2.0, 2.0, 1.0 and 1.0 mg kg™ for crustaceans,
fish, shellfish, and algae, respectively’. The
European Union has not established legislation to
limit of the arsenic species in marine organisms but
recommends the monitoring of iAs levels in fish

feed, algae and animal feed. In this
case, the maximum iAs content recommended is
2 mg kgt8°.

The determination of total arsenic concentration
can be performed wusing many analytical
techniques. Although As speciation has been
frequently reported in the literature, incorrect
results are not uncommon. The errors are generally
related to the matrix complexity and the wide
variety of materials that are routinely analyzed.
This problem becomes even more evident when
analyses of samples with low analyte content are
required. One way to ensure the quality of
analytical results in this case is the use of reference
materials (RMs), which allow the assessment of the
method accuracy and ensure the quality of the
analytical results. Additionally, RMs are also used
for instrument calibration, especially when direct
solid sampling techniques are required*®*,

According to the COMAR database
(International database of certified reference
materials)'?, the development of new RMs has been
continually growing, because of the market
development and the production of new industrial
materials. The demand of RMs for speciation
analyses has been also increasing, especially the
ones dedicated to do the screening and
identification of toxic and non-toxic species'®!4,
Generally, speciation analyses are based on
chromatographic methods with, including liquid
chromatography coupled to inductively coupled
plasma mass spectrometry (LC-ICP-MS), which
remains the main choice for arsenic species
determination®®16:7,

The use of instrumental neutron activation
analysis (INAA) to As detecting has been used to
validate As species mass fractions combined with
LC-ICP-MS*. It was demonstrated by the results
that INAA can account for 100% of arsenic species
distribution in analytical processes,
complementing  LC-ICP-MS  technique in
validation of the As species characterization in the
development of RMs to such chemicals species.
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The sample preparation for speciation analysis
is generally a crucial and laborious step, as
interconversion, losses or degradation of species
must be avoided. The use of direct solid sampling
in graphite furnace atomic absorption spectrometry
(GF AAS) can be a good alternative to avoid or
minimize the sample treatment step'®'. In this
case, the use of different chemical modifiers and/or
different heating program conditions may result in
the measurement of different species®.

Recently, some studies have used
electrothermal atomic absorption spectrometry (ET
AAS) for As(lll), As(V), MMA, DMA and AsB
speciation in fish-based foods?*?°. Significant
differences were reported for the atomization of
iAs and AsB or arsenocholine (AC) when using
different chemical modifiers. These studies have
shown evidence that the behavior of these species
in the atomizer is different and depends on the
chemical modifier used for the measurements?’.

Lopez-Garcia and co-workers have developed a
method to measure iAs (As(l1) and As(V)), MA,
DMA and AsB in fish-based baby foods by ET
AAS, using slurries prepared in
tetramethylammonium hydroxide  (TMAH)
solution and a chemical modifier based on
palladium salt, which was used for total As
determination, whereas a chemical modifier based
on Ce(lV) was used for determination of inorganic
arsenic (As(111) and As(V)) + MA. The authors also
used a zirconium coated atomizer for determination
of DMA and AsB?.

In this context, the present work aimed to
develop a simple procedure for direct measurement
of total As and some As species by SLS-GF AAS.
Direct chemical speciation of As in tuna fish (RM)
and robalo liver prepared in our laboratory was
evaluated using different masses of Pd and Mg as
chemical modifier solutions. The results found in
this work were compared to those obtained for the
same samples by INAA and LC-ICP-MS in a
previous work**. The accuracy of the proposed
method was also verified using tuna fish certified
reference material (CRM) BCR 627 from the
Institute  for  Reference  Materials  and
Measurements (IRMM, Belgium).
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2. Materials and methods pyrolytically coated boat-type solid sampling
platforms (Analytik Jena) were used throughout. A
2.1 Instrumentation manual solid sampling accessory (SSA-6 Z,

Analytik Jena AG, Germany) with pre-adjusted
micro-tweezers was used to transfer the boat-type
platform to the graphite tube. For purging and
protection gas, argon (99.998%, v/v; Air Liquide
Brazil, S&o Paulo, Brazil) was used. Table 1
presents the instrumental parameters used after
optimizing the pyrolysis temperature.

The measurement of arsenic species was carried
out using a Model ZEEnit 60 atomic absorption
spectrometer (Analytik Jena AG, Jena, Germany),
equipped with a hollow arsenic cathode lamp, a
transverse heated graphite tube atomizer, and a
Zeeman background corrector. Pyrolytically
coated transverse heated graphite tubes and

Table 1. Instrumental parameters, experimental conditions, and heating program used in the total and
direct chemical speciation of arsenic by SLS-GF AAS.

Instrumental parameters

Wavelength 193.7 nm
Slit 0.8 nm
Lamp current 6 mA
Heating program for total As determination by SLS-GF AAS
Step Temperature/°C Ramp/°C s*! Hold time/s Ar Flow/L min*!
Drying 130 10 20 1.0
Pyrolysis 1200 100 40 1.0
Atomization 2500 2600 6 0
Cleaning 2600 1200 3 1.0
A freeze-dryer (Thermo Electron Corporation), 100.0 pg Lt of As(lll) in TMAH 0.2% (v/v) or
a food cutting mill (GM 200 model, Retsch, HNO30.1% (v/v). Calibration analytical curves for
Germany) and a cryogenic mill with a self- AsB determination were obtained using analytical
contained liquid nitrogen bath (MA 775 model, solutions with concentrations between 12 and
Marconi, Brazil) were used for preparation of tuna 240 pg LTAsB in 0.1% v/v HNO3,

fish candidate reference material.
2.3 Samples
2.2 Reagents and materials
Tuna fish candidate RM and robalo liver were

All solutions were prepared using high-purity collected at a fish market in Séo Paulo (Brazil) and
deionized water obtained from a Milli-Q water prepared according to the procedure described by
purification system (Millipore, Bedford, MA, Carioni et al.?® and Naozuka and Nomura?’.
USA). Analytical reference solutions of As were Briefly, the tissue was separated, cleaned with
prepared by successive dilutions of a stock solution deionized water, cut into 2 cm? pieces, frozen and
containing 1000 mg L*As(I11) and As(V) (Sigma— freeze-dried for 48 h. The milling of the dried
Aldrich, Germany) and analytical reference samples was performed using a cutting mill for
solutions of AsB were prepared from stock 3 min at 5,000 rpm, followed by cryogenic milling
solutions containing 200 mg L AsB (Sigma (5 min of freezing followed by 3 cycles of 2 min of
Aldrich, Brazil). grinding, with 1 min of freezing between each

Solutions of 10 g L* Pd(NOs), (Suprapur, cycle). The resulting final product was radiation-
Merck) and 10 g Lt Mg(NOs), (Suprapur, Merck) sterilized, bottled, and stored.
were used to prepare the chemical modifier Tuna fish certified reference material (CRM
solutions. Triton X-100 (Merck) was added to the BCR 627) from the Institute for Reference
chemical modifier solution (0.1% wi/v). Materials and Measurements (IRMM, Belgium)

Calibration analytical curves for total As was used to check the accuracy of the methods
determination were obtained by using reference developed for measurement of As species and total
solutions with concentrations between 5.0 and As mass fraction.
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2.4 Procedures
2.4.1 Evaluation of pyrolysis temperature

Pyrolysis temperature curves were evaluated in
the absence and presence of two different chemical
modifiers: 5 ug Pd + 3 ug Mg + 0.1% w/v Triton
X-100 and 25 pg Pd + 15 pg Mg + 0.1% w/v Triton
X-100. The temperature was evaluated in a range
of 180-1600 °C using increments of 20 °C. Slurries
were prepared for this purpose using the procedure
described by Lopez-Garcia, Bricefio and
Hernandez-Cérdoba?® with modifications in the
mass of tuna fish and TMAH concentration.
Briefly, the slurries were prepared using 100 mg of
tuna fish candidate reference material in 5.0 mL of
TMAH 0.2% (vIv)®.

2.4.2 Sample preparation for total As and species
determination

Slurries were prepared using 100 mg of sample,
5.0 ml of H,O and agitation in Vortex (Quimis,
Q220, Diadema, Séo Paulo) at 25 °C. Before each
measurement, the sample slurry was homogenized
using a pipette and then aliquots of 20 pL were
injected into the atomizer together with 10 pl of
different chemical modifiers: 5 ug Pd + 3 pg Mg +
0.1% wi/v Triton X-100, 25 ug Pd + 15 ug Mg +
0.1% wi/v Triton X-100 or 100 pg Pd + 0.1% wiv
Triton X-100. The heating program optimized for
the analysis is presented in Table 1. Analytical
calibration curves were obtained using solutions
containing different As(I11) concentrations (5.0 and
100.0 pg LY) prepared in 0.1% v/v HNO:s.

3. Results and discussion
3.1 Heating program optimization

The pyrolysis temperature was evaluated in
order to find the best conditions for measurement
of total As and AsB species by SLS-GF AAS.
Triton X-100 was used in combination with Pd +
Mg to improve the interaction between the solid
sample and the chemical modifier solution?®,

Figure 1 shows the pyrolysis temperature
curves obtained for tuna fish slurry in TMAH
media. The atomization, drying, and cleaning
temperatures were used according to Carioni et
al.?®.
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Figure 1. Pyrolysis temperature curves for slurry tuna
fish candidate reference material in TMAH (e) in the
absence of chemical modifiers, (m) in the presence of 5
pg Pd + 3 pg Mg + 0.1% wi/v Triton X-100, (A) in the
presence of 25 ug Pd + 15 pg Mg + 0.1% w/v Triton X-
100.

In the absence of chemical modifiers As was lost
by volatilization at temperatures higher than 300
°C. However, in the presence of chemical
modifiers, higher masses of Pd and Mg resulted in
higher sensitivity, and the best pyrolysis
temperature was 1200 °C for both modifier
solutions. We observed that different pyrolysis
curve profiles were obtained when 5 pg Pd + 3 pg
Mg + 0.1% w/v Triton X-100 was used in
comparison with 25 pg Pd + 15 ug Mg + 0.1% w/v
Triton X-100. In this case, the mass of chemical
modifiers may have an impact on the atomization
mechanism of some As species present in the
candidate RM used for this study. This hypothesis
was further investigated in this work.

Using 25 ug Pd + 15 pg Mg + 0.1% w/v Triton
X-100 as chemical modifiers at the pyrolysis
temperature of 1200 °C, analytical calibration
curves prepared in the presence of 0.2% of TMAH
(v/v) were compared to those prepared in the
presence of 0.1% of HNO3 (v/v) to determine the
chemical interference promoted by these reagents.
Thus, the slopes and correlation coefficients of
those calibration curves were respectively 0.0023
and 0.9998 for the curve prepared in the presence
of 0.1% of HNO3 and 0.0022 and 0.9993 for the
curve prepared in the presence of 0.2% of TMAH.
The slope ratio between both calibration curves
was 1.05, showing no significant effect of TMAH
on As measurement enabling the use of 0.1%
HNO; media for further analytical calibration
curves preparation.
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The integrated absorbance signals of As at the
optimized heating program were also compared in
samples slurries prepared in 0.2% TMAH with
those prepared using only H;O. No significant
difference (Student’s t-test 95% level) was found
between those solutions, suggesting the use of
TMAMH is not imperative. For this reason, slurries
prepared in H,O were used for further analysis.

3.2 Total As determination and direct chemical
speciation

Thermal behavior of total As and As species in
tuna fish tissue and robalo liver in the absence and
in the presence of chemical modifiers were
investigated. Significant difference was observed

in the results for As concentration when 5 g Pd +
3 ug Mg + 0.1% wiv Triton X-100 was compared
with 25 ug Pd + 15 pug Mg + 0.1% wi/v Triton X-
100. When masses of Pd and Mg were increased by
a factor of 5, the results were 1.3 - 1.2 times higher.
In addition, the values obtained for a fish tissue
CRM after using the 5 ug Pd + 3 pug Mg + 0.1%
w/v Triton X-100 and 25 pg Pd + 15 pg Mg + 0.1%
w/v  Triton X-100 as chemicals modifiers
corresponded to the certified values for AsB and
total As, respectively (Table 2). Results for total As
tuna fish candidate reference material were also in
agreement (Student’s t-test, p > 0.05) with previous
results obtained by our group using SS-GFAAS
(4.8 £ 0.2 mg kg?t)?® and INAA (5.1 £ 0.1 mg
kg 1),

Table 2. Results of As mass fractions obtained for Tuna Fish certified reference materials (BCR 627) and Tuna
fish candidate reference material for Arsenobetaine (AsB)?and Total Arsenic (AsT) by SLS-GF AAS, n = 3.

Concentration/mg kg + standard uncertainty and coefficient of variation (CV, %)

Certified value ~ Measured value 0 Tuna fish 0

(BCR 627) BCr627)  CV () (RM) CV (%)
5 g Pd + 3 g Mg + Triton* 3.9 +0.23 35+02 5.4 36+04 11.9
25ug Pd + 15 ig Mg + 4.8+03° 45+03 5.8 44403 5.9

Triton*

*0.1% w/v Triton X-100

Results obtained for As content in tuna fish
candidate reference material (Table 2) using the 5
Mg Pd + 3 pg Mg + 0.1% w/iv Triton X-100
chemical modifier corresponded to the certified
value of AsB (Student’s t-test, p > 0.05). The
results for AsB in tuna fish candidate reference
material (Table 2) are also in agreement with a
previous work (3.99 + 0.08 mg kg?), when the
same sample was analyzed by HPLC-ICP-MS*. In
this study, we observed that differences in the
behavior of As species, when atomized in the
presence of different chemical modifiers, allowed
the direct speciation of AsB by SLS-GF AAS. The
dependence of As atomization on the chemical
modifier have already been reported in previous
works?>?°, Differences in the behavior of organic
and inorganic arsenic were observed when
solutions containing different composition and/or
masses of chemical modifiers were used?>%.

Although the proposed procedure did not allow
the discrimination of other As species in fish, AsB
could be separated from the toxic As species DMA
and other unknown As species. DMA is also a
constituent of tuna fish tissue and its presence was
reported in the tuna fish SRM 627°°.
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The same procedure used for determination of
total As in tuna fish was applied to robalo liver. The
obtained result (6.9 £ 0.8 mg kg') was not in
agreement with a previous work in which total As
in the same sample was determined by INAA (11.0
+ 0.2 mg kg?)**. This problem can be the result of
different As species in robalo liver, which may
result in a different mechanisms of atomization.
The As species in robalo liver are still unknown,
although some evidences have shown that part of
As is likely present in the form of arsenolipids®*.
The difference in the behavior of As species was
discussed in a recent work by Pereira and co-
workers?®. Their work has identified differences in
pyrolysis curves from As(I1l) aqueous solutions
and As in fish oil when Pd + Ru were used as
chemical modifiers, which may be related to the
presence of other As species besides of As(lll),
such as arsenolipids.

When 100 pg Pd + 0.1% wi/v Triton X-100 was
used as a chemical modifier, better recovery was
obtained. In this condition, the value obtained for
total As (10.3 + 0.6 mg kg™?) is in agreement with
the literature'*. This indicates that the composition
of the chemical modifier should be adjusted for
each sample, since the atomization mechanism for
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total As determination was clearly altered by The detection and quantification limits and
matrix constituents. In addition, the use of a characteristic masses are shown in Table 3, using
sufficient mass of the chemical modifiers allowed the three different chemical modifiers. These
the measurement of total As content in the slurries, detection limits are appropriate for the
irrespective of the chemical species in which it is determination of these species, avoiding the need
present?>:26, of extraction processes and/or chromatographic

separations?.

Table 3. Analytical parameters of SLS-GF AAS for total and direct chemical speciation of arsenic.
5ug Pd + 3 ug Mg + Triton* 25 ug Pd + 15 ug Mg + Triton 100 pg Pd + Triton

LOD (ug kg?) 34.6 19.9 18.5
LOQ (ug kg™t 103.9 59.9 55.5
mo? (PQ) 35 33 34

LOD = (3 x SDp %/slope), LOQ = (3 x LOD), m, = characteristic mass (1% absorbance or 0.0044 absorbance signal),
bSDyeo = standard deviation of blank (n = 10).
*0.1% wi/v Triton X-100.

When 5 pg Pd + 3 ug Mg + 0.1% w/v Triton X- to assure the safety of tuna consumers using two
100 was used for As determination in robalo liver, simple complementary methods to distinguish AsB
51 + 0.2 mg kg' of As was measured. The from other As compounds in tuna fish.
identification of As species, however, remains to
be elucidated. Previous analyses have 4. Conclusions
demonstrated poor results for As speciation in this
samples when extractions were performed using This work described the use of different
methanol/H,O and acetone/methanol/H.O (44 and chemical modifier compositions for the
49% of total As, respectively). The high amount of development of a direct speciation method for AsB
lipids in this kind of sample may prevent the measurement in tuna fish tissue by SLS-GF AAS.
extraction of part of the As to the aqueous phase, Methods for total As measurements in tuna fish and
preventing the identification of As species'®. In robalo liver were also evaluated.
view of these analytical difficulties, more The direct determination of AsB was achieved
investigations on the quantification and when a solution containing 5 ug Pd + 3 ug Mg +
identification of the different arsenic species are 0.1% w/v Triton X-100 was used as chemical
still required for robalo liver. modifier in tuna fish tissue. The use of 25 ug Pd +

In summary, the direct total As and As 15 ug Mg + 0.1% w/v Triton X-100 and 100 ug Pd
speciation methods for tuna fish were performed by + 0.1% wi/v Triton X-100 allowed the total As
a simple slurry preparation in water, using agueous measurement in tuna fish tissue and robalo liver,
calibration. In the case of total As, there was no respectively. This work demonstrated that the
need of digestion and dilution steps when the behavior of arsenic in SLS-GF AAS may depend
chemical modifiers were used for tuna fish and on the species of the element and composition or
robalo liver analysis. In the case of determination concentration of chemical modifiers. In addition,
of AsB, the use of 5 pug Pd + 3 ug Mg + 0.1% wiv the simplicity of the proposed method enables its
Triton X-100 as a chemical modifier allowed the use for routine analyses as a valuable tool for
direct measurement of this As compound in tuna quality control of tuna in the fishing industry.
fish without prior separation of species. It implies
that all laborious steps of extraction, centrifugation 5. Acknowledgments
and separation were not necessary. Considering
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