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ABSTRACT:

In both the North Sea and the Ac¢u Port (Brazil) coastal areas, high As concentrations were

observed in water, soil and sediments. Therefore, the impact of this contamination on fish and shellfish species
bought from local fishermen was studied. Total As was assessed by ICP-MS while toxic As was assessed by
ICPMS-HPLC and HG-AFS. Several fish species had average Total As concentrations above 1 mgg~', but the
highest concentrations were found in less spotted dogfish, lemon sole and whelks from the North Sea. Toxic
As fractions were high in scallops but rarely exceeded 2% in other species. Considering consumption of 150 g,
only 3 samples exceeded the total daily intake. Using mean toxic As concentrations for each species, lifetime
cancer risk values at the actual global seafood consumption rate of 54 g/day are above 10~ for whelks, scallops,

dogfish, ray and lemon sole.

1 INTRODUCTION

The North Sea and the Acu Port area (Brazil) ecosys-
tems have been highly impacted by As with sources
of different nature. In the North Sea, the average dis-
solved As concentration is around 0.75mgL~!, but
river input can substantially modify the As baseline.

In the Acu Port area, high As levels in small lakes
and marine sediments originate from calcareous biota
and iron oxyhydroxides rich in arsenic. Arsenic levels
in lake sediments vary between 20 and 270 mgkg~!,
while marine sediments contain around 50 mgkg™'
(Mirlean & Baisch, 2016).

This study aimed at examining if high As levels
in both marine ecosystems led to high As levels in
fish, at comparing total daily intake of As from fish
consumption and at estimating the individual life-time
cancer risk due to seafood consumption.

2 METHODS

In the North Sea, ray, dogfish, lemon sole, pouting,
pollack, brill, cod, whiting and ling (fish species),
besides whelks and scallops (shellfish species) were
studied. Samples included 79 fish and 37 shellfish.
In the Acu Port, located in Brazil’s Atlantic coast,
big tooth corvina, catfish and shorthead drum (N =7)
were studied. In the North Sea, fish and shellfish
were collected in 2009-2010 whereas, in the Ac¢u Port,
fish were caught in 2013. Methods used for total As
determination in fish comprised microwave assisted
mineralization and ICP-MS detection. Arsenic species
of fish and shellfish were selectively determined by
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liquid chromatography-inductively coupled plasma —
mass spectrometry (ICPMS-HPLC). Separation of As
species was performed by an anion exchange col-
umn with ammonium phosphate solution as mobile
phase. The following arsenic compounds were deter-
mined: As(IIT), As(V), MMA and DMA, which is
called toxic As fraction “As-Tox”. Arsenic speciation
in samples from the North Sea was also determined
by hydride generation-atomic fluorescence spectrom-
etry (HG-AFS). All analytical methods comply with
quality assurance/quality control procedures.

3  RESULTS AND DISCUSSION

3.1 Arsenic in fish and shellfish

Species from the North Sea, i.e., pouting, whiting,
cod, brill, ling and pollack, seemed to show similar
total and toxic arsenic levels in their tissues. Many
fish species under study had average concentrations
above 1 pgg~!, levels which need to be further inves-
tigated. Three North Sea species (less spotted dogfish,
lemon sole and whelks) were found to be clearly more
contaminated than the others. Average Total As lev-
els in thornback ray, pelagic fish group and scallops
(North Sea species) and tilefish, namorado sandperch
and pink conger (Rio de Janeiro coastal fish species)
ranged from 1 to 13 pgg~'. It indicates that, for sev-
eral fish species, comparable levels were observed in
both marine areas. However, additional studies of As
speciation in fish are critical for the assessment of
consumption risk because arsenobetaine, a non-toxic
form, is the major As species in marine fish. In the



Acu Port area (RJ-Brazil), average total arsenic con-
centrations in drum, catfish and corvina fish species
ranged from 0.73 to 8.9 pg g~ !. Average toxic arsenic
levels are high in less spotted dogfish, whelk, scallop
and lemon sole (from 0.15 to 0.46 pgg!) while in
bigtooth corvina, catfish, pelagic fish group and short-
head drum, levels ranged between 0.023 and 0.067
g ¢~ ! Infish, the highest arsenic (total and toxic) lev-
els were found in dogfish and lemon sole, both from the
North Sea, but dogfish was also the longest (632 mm)
fish species under study. Correlations between toxic
and total As levels in fish muscle were generally good
with a correlation coefficient r equal to (.78 for all fish
species and 0.75 for whelks. Correlation was not good
(r =0.33) for scallops, only. The highest toxic arsenic
fractions (toxic arsenic conc./total arsenic conc.) were
found in great scallops (8.9%) and bigtooth corvina
(3.2%), whereas the lowest ones were found in less
spotted dogfish (0.6%) and lemon sole (0.7%). Data
showed that toxic arsenic fractions in fish and shell-
fish were small by comparison with those found in
surrounding water and sediment.

3.2 Cancer risk assessment

Cancer risk assessments were expressed as Individual
lifetime cancerrisk (TR). This assessment is defined as
the daily average intake per kg of body weight, multi-
plied by an element-specific factor, the so-called slope
factor (SF). TR can be calculated by:

3 CR %« Cf « EF x ED « SF
BW x AT

TR

where CR 1s consumption rate of seafood, CF 1is
the 95th upper confidence limit of the toxic as con-
centration mean for all samples, EF 1s the exposure
frequency, ED 1s exposure time, BW 1s body weight
and AT 1s averaging time. In the case of cancer effects,
consumption of 13.5 gday ! seafood with an average
toxic As concentration shows, only for whelks and
lemon sole individual lifetime cancer risks that are
higher than the acceptable limit. Those seafood species
were also the ones that exceeded the permissible
dose calculation (Table 1). However, fish consump-
tion in the world increased from 13.5 (USEPA,1997)
to 54 g day~' (FAO, 2016) in 20 years. Considering
seafood consumption of 54 g day—!, whelks, scallops,
dogfish, ray and lemon sole exceeded the acceptable
limit in case average toxic As values are used; Besides,
the pelagic fish group joins those species when the
95th percentile of the toxic arsenic levels is used. In
addition, when estimating cancer risks, one should take
into account that arsenic 1s only one of the multiple
carcinogens to which humans are exposed to. The fact
that seafood essentially contains arsenobetaine, a non-
toxic arsenic form, i1s a reassuring element. But the
presence of arsenic in seafood, which 1s similar to inor-
ganic As in terms of metabolite formation and tissue
accumulation, should be considered. In addition, after
seafood storage and cooking, toxic arsenic metabolites
can be formed.
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Table 1. Lifetime cancer risks of consumption of seafood
species for 2 consumption rates (13.5g day 1 TR2 and 54 g
day 1 TR1) and 2 concentrations (mean and 95th percentile).
Consumption As-Tox concentration 95th upper confidence
limit (1); 95th percentile (2).

Species n As Tox TRI1 TR2 As Tox TR1

Mean mean mean 95th perc 2) 95th perc ()
mg / kg (ww)

Whelk 10 046 5.32E-04 1.33E-04 1.10 1.27E-03

Scallop 27 023 2.65E-04 6.63E-05 0.52 6.03E-04

Dogfish 10 029 3.38E-04 8 44E-05 0.63 7.23E-04

Ray 9 0.15 1.69E-04 4.22E-05 0.23 2.65E-04

Pelagic Fish Group 30 0.07 7.71E-05 1.93E-05 0.1 1.25E-04

Lemon Sole 30 0.35 4.05E-04 1.01E-04 1.00 1.16E-03

Drum 3 0.031 3.59E-05 8.97E-06 0.05 5.44E-05

Catfish 2 0.029 3.36E-05 8.39E-06 0.03 3.82E-05

Corvina 2 0.023 2.66E-05 6.65E-06 0.04 451E-05

Consumption asm TR1 54 g / day TR2 13.5 g /day

Exposure Frequency 365 days / year

Exposure Duration 70 years

Slope Factor (SF) 1.5 mg / kg / day

Body weight 70 kg

Average time 70 years

Consumption TR1 54 g /day TR2 135 g /day

As-Tox concentration 95" upper confidence limit

Exposure Frequency 365 days / year

Exposure Duration 70 years

Slope Factor SF 1.5 mg/ kg /day

body weight 70 kg

averaging time 70 years

4 CONCLUSIONS

Several fish species had average total As concentra-
tions above 1 g g~! wet weight, but the highest levels,
i. e., 50, 49 and 50 pgg™!, were found in less spot-
ted dogfish, lemon sole and whelks from the North
Sea, respectively. High Total As levels correspond
to high toxic As levels, except for scallops having
increased toxic As concentrations. toxic As fractions
were high in scallops (10%) but rarely exceeded
2% 1in the other species. Toxic arsenic fractions in
liver samples were 2—4-fold higher than the ones in
muscle. Considering consumption of 150 g seafood,
only 3 samples exceeded the provisional total daily
intake of 2 mg Askg~!. However, cancer risks are non-
negligible. Using mean toxic As concentrations for
each of the different fish and shellfish species under
study, lifetime cancer risk values at the actual global
seafood consumption rate of 54 g day~! were above
10~ for whelks, scallops, dogfish, ray and lemon sole.
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