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Abstract

Fish are a recommended component of the diet, supplying complete proteins, vitamins, mineral salts, and
omega-3 fatty acids. The presence of mercury in fish tissue, both freshwater and marine, is the effect of its
accumulation in the aquatic environment and depends largely on the concentration of mercury in water as
well as food. Most of mercury in fish tissues is present in the form of organic complexes, mainly methylmer-
cury, which is much more toxic than metallic mercury. In organisms of predatory fish, such as shark, tuna,
swordfish, or eel, mercury will be present in concentrations higher than in other species of fish. It is not just
the result of their nutrition, but is also related to their age, mobility and habitat. In fish living near the bot-
tom of a water body, the concentration of mercury will be much higher. It has to be noted that the ongoing
climate change and increase in environmental contamination may significantly raise the bioavailability
of mercury and its organic complexes in fish. Fish that are at the end of a food chain may contain such large
amounts of mercury in their organisms that it may pose a threat to human health. This problem is parti-
cularly concerning people whose diets are based on fishmeat. The aim of the following paper is to present
the current state of knowledge on sources of mercury released into aquatic environments and the related
threats to human health with regard to fish consumption. The article takes note of the increasing number
of incoming alerts under the European Rapid Alert System for Food and Feed (RASFF), regarding the contami-
nation of fish and fish products with mercury.
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INTRODUCTION

With the industrial growth and development, which includes technolo-
gies using chemical substances in production processes, there was an incre-
ase in social awareness with regards to the necessity of monitoring the effect
of such chemicals on the environment and human health. Bioindication
is used to evaluate the ecological status quality of the natural environ-
ment. Bioindication is a method which, by using living organisms at different
levels of their organization, determines the direction and degree of changes
in natural habitats. Therefore, bioindication entails an assessment of the
environmental status or the concentration of the natural environment factors
by applying adequately scaled bioindicators. The term bioindication is also
used to refer to the process wherein on the basis of quantitative and qualita-
tive changes of a single object (indicator), the state of another object or the
entire ecological ecosystem including biotic and abiotic parameters as well
as substances and anthropogenic impacts are assessed. Different methods
of biomonitoring make use of different indicator organisms with the aim
of detecting the temporal and spatial variance of chemical pollution, contri-
buting to the uncovering of their effect on the ecosystem. Different organ-
isms, including both animal and plant species, have been proposed as bioin-
dicators. Bioindicators used in the assessment of water body quality should
be easy to identify and show a narrow range of ecological tolerance, which
enables a qualitative and quantitative evaluation of environmental condi-
tions. Meanwhile, bioaccumulation is a process wherein the concentration
of a chemical substance in an aquatic organism (such as a fish), for example,
exceeds its concentration in the environment due to the exposure to this
chemical substance present in water. Bioaccumulation and the toxic proper-
ties of chemical substances largely depend on both their individual charac-
teristics and the environmental conditions that affect their bioavailability
(Yevtushenko, Dudnyk 2014, Jaiswal et al. 2018, Solaun et al. 2021, Dietrich
et al. 2022, Lara et al. 2022, Gomez-Delgado et al. 2023).

Mercury (Hg) is a global contaminant of the environment. Hg can be relea-
sed into the atmosphere from geogenic or anthropogenic sources. It makes
its way to the atmosphere in emissions resulting from industrial activity and
processes, transport emissions (fuel combustion processes), volcanic ash,
etc. With the movement of air, Hg is carried at long distances by the wind
and is deposited on the surface of the soil in its molecular form or conden-
sates as rain. Hg is highly toxic, durable, and bioaccumulative in the envi-
ronment (Wang et al. 2014, Bosch et al. 2016, Chmielewski et al. 2020,
Gworek et al. 2020). It is estimated that the total inflow of Hg into the envi-
ronment is between 5-10 thousand Mg a year, while the anthropogenic input
constitutes anywhere between one-third and a half of the total mercury emis-
sion (Maily et al. 2003)

Sources of Hg emission can be classified into two types: natural and
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anthropogenic. The primary natural sources of Hg are volcanic eruptions,
rock weathering, forest fires, and soil erosion, while secondary natural
mercury emission comes from the soil, sediments, water basins, landfills,
etc. Anthropogenic sources include fossil fuel combustion, metal production,
concrete production, etc. (Chmielewski et al. 2020). The input of Hg emission
from natural sources is estimated to be around 45-66% of the total Hg emis-
sion (Gworek et al. 2017). It is estimated that the global anthropogenic emis-
sion of Hg to the atmosphere in 2015 amounted to 2220 Mg, which signifies
a 20% increase as compared to 2010 (Liang et al. 2021), wherein stationary
fossil fuel combustion was responsible for 24% of the estimated emissions
from anthropogenic sources (Wang et al. 2020). As indicated by the litera-
ture, China was the largest emitter of Hg in the world, contributing
to around 25% of the global emission of mercury to the atmosphere (Liang
et al. 2021). In the European Union, Hg emissions amounted to approxima-
tely 80 Mg a year (<5% of the total global emission), while the majority of
the Hg emission was attributed to the coal sector (Xu et al. 2015). The main
causes of mercury contamination in the soil are the mining activity and
industrial production, as well as leachates from landfills (Liu et al. 2021).
Fossil fuel combustion (primarily coal) for electroenergetic and heating pur-
poses is the single highest source of anthropogenic emission of Hg, constitut-
ing 45% of the total anthropogenic emission (Pacyna et al. 2010). Available
data in the literature indicate that the amount of Hg in the bituminous
coal burned in Poland may range between 0.095 and 0.615 mg kg!, mean-
while in the case of lignite, it ranges between 0.080 and 0.250 mg kg (Krdl,
Kukulska-Zajac 2016). The mean content of Hg in bituminous coal from
China, the USA, and the RSA amounts to 0.20, 0.17, and 0.20 mg kg,
respectively, which exceeds the global average for coal of 0.1 mg kg! (Zhao
et al. 2019).

Mercury is regarded to be an element largely dispersed in the natural
environment, which means that it is only present in trace quantities. It is
present in various physical and chemical forms in the environment. Biochemi-
cal and geochemical transformations between the different forms of Hg make
it so that its distribution takes place both at a local and global scale. Mercury
can take various forms in the environment, including volatile compounds
(Hg°, CH,HgCH,), water-soluble compounds (Hg*, HgX,, HgX, and HgX *,
X = OH, CI, Br) as well as insoluble compounds (CH,HgS", CH,Hg*) and
as Hg?" bonded with sulfur. In the air, volatile elemental Hg (Hg’ and
dimethylmercury (CH,),Hg dominate. Mercury is present in the atmosphere,
surface waters, aquatic sediments, and soil, from which it is absorbed
by plants and incorporated into the food chain, the final link of which being
humans (Rice et al. 2014, Gworek et al. 2017, Si et al. 2022).

Fish are useful and effective indicators of relative Hg, including methyl-
mercury (MeHg), exposure in the food chain and the toxicological risk
it poses to humans (Akerblom et al. 2014, Scheuhammer et al. 2015 Eagles-
-Smith et al. 2016).
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The amount of Hg introduced to the natural environment in Poland
is presented in Table 1. Meanwhile, Table 2 illustrates the amount of Hg
emitted to the atmosphere from anthropogenic sources in different industry
sectors 1n various regions of the world.

Table 1
Total emission of mercury by kinds of activity in 2016-2020 in Poland
Specification Mercury in Mg

2016 2017 2018 2019 2020

Total 10.35 9.58 8.74 7.85 7.63

and transformation industries 518 | 515 | 513 | 440 | 425
Combustion in industry 3.12 0.63 0.47 0.47 0.43
Transport 0.091 0.11 0.12 0.11 0.12
Non-industrial combustion plants 0.94 0.92 n.d. n.d. n.d.
Small combustion sources n.d. n.d. 0.89 0.74 0.72
Fugitive emissions from fuels n.d. n.d. 0.25 0.25 0.22
Industrial processes and product use n.d n.d. 1.46 1.48 1.51
Production processes 0.49 2.55 n.d. n.d. n.d.
Agriculture 0.0 n.d. 0.0 0.0 0.0
Waste management 0.53 0.21 0.43 0.32 0.37

Source: developed by the authors on the basis of GUS (2017, 2018, 2019, 2020, 2021, 2022),
n.d. — no data (is a result of changes in the ways of reporting data )

MERCURY IN THE AQUATIC ENVIRONMENT

To a large extent, mercury is introduced into the natural environment
through anthropogenic human activity (manufacturing, automotive industry,
industrial and municipal waste combustion, chemical use intensification
in agriculture, and water and sewage management). This element undergoes
biochemical transformations and is ultimately accumulated in water sedi-
ments (Gworek et al. 2016, Chmielewski et al. 2020, Dietrich et al. 2022,
Wojtowicz et al. 2022, Zeber-Dzikowska et al. 2022).

As indicated in research, Hg is found in waters all over the globe (Hader
et al. 2020, Stock et al. 2021). The fact that mercury contamination
is a widespread phenomenon is confirmed by numerous studies, for instance
in the Amazon basin (Castro, Lima 2014, Dorea, Marques 2016, Feingold
et al. 2019). One of the highest concentrations of MeHg in open waters
is found in the Southern Ocean (Cossa et al. 2011). Research carried out in
recent years indicates the presence of Hg in the waters of Baikal Lake,
which has been listed as a UNESCO World Heritage site (Robert et al. 2019,
Morshina et al. 2021). Similar is the case of waters of the Mediterranean Sea
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Table 2

Amount of mercury emitted to the atmosphere in 2015 by different industry sectors
in different regions of the world (Chmielewski et al. 2020)

Sector groups

deliberate craft Regionally | ,
combus- . use sector % of the
World : . industry | . . overall lobal
orld region tion of (including | and small ( globa
sectors range) total
fuels product gold (t) ota
® .
(t) waste) mines
® ®
Australia, 3.79
New Zealand 3.57 4.07 1.15 0.0 ® 93;_13 7 0.4
and Oceania ’ ’
Central America 45.8
and the Caribbean | >0 19.1 6.7 43 372614 | 2!
CIS members and 194
other European 26.4 64.7 20.7 12.7 (105-170) 5.6
countries
East and 859
Southeast Asia 229 807 109 214 | (685.1430) | 286
European Union 77.2
- 98 countries 46.5 22.0 8.64 0.0 (67.2-107) 3.5
. 52.8
Middle East 11.4 29.0 12.1 0.225 (40.7-93.8) 2.4
. 20.9
North Africa 1.36 12.6 6.89 0.0 (13.5-45.8) 0.9
. 40.4
North America 27.0 7.63 5.77 0.0 (33.8-59.6) 1.8
. 409
South America 8.25 47.3 13.5 340 (308-522) 18.4
. 225
South Asia 125 59.1 37.2 4.50 (190-296) 10.1
Sub-Saharan 360
Africa 48.9 41.9 17.1 252 (276-445) 16.2
2220
Total 533 614 239 838 (2000-2820) 100.0

as per the research into the presence of mercury in this body of water span-
ning 40 years (Cinnirella et al. 2019).

The most ubiquitous form of organic Hg in water is methylmercury
(MeHg), which is the main source of organic Hg in ecosystems. MeHg is easily
transported with water into aquatic ecosystems. Mercury compounds are
sparingly soluble in water, but dissolve easily in lipids (Rice et al. 2014).

The maximum concentration of Hg (II) allowed in drinking water was
set by the World Health Organization (WHO) and the United States
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Environmental Protection Agency (UESPA) at a level of 2 pg L 't (10 nM) —
Ghanei-Motlagh et al. (2016), Sarfo et al. (2017).

According to the data from Statistics Poland (GUS), the source of emis-
sion of mercury in Poland in 2020 was primarily fuel combustion in the en-
ergy sector (production and transformation of energy). Beyond that, a signif-
icant source was also production processes (including metal production).
These two sources contributed to approx. 56% and 20% of the overall emis-
sion of mercury in Poland, respectively. Heavy metals are carried to the
Baltic Sea through lakes and atmospheric deposition. The amount of mer-
cury carried into the Baltic Sea via river outflow is illustrated in Table 3.

Table 3
The outflow of heavy metals by rivers to the Baltic Sea in 2016-2020 in Poland
Mercury contamination of rivers (t/year)
©
] S g g 8
Year Total « « ‘g» 2 2 -g :gu « « S ﬁ”
- T I - R R - - T - - e
S|l |l g |a| S |E|l@d | a8 =]| B |~
> > > > > > > > > > > >
) i) 2 ) 2 ) ) 2 2 B ) )
2016 n.d. n.d.
2017 n.d. n.d.
2018 0.2 0.1 00 | 00| 00| 00| 00| O00]|O00O]|O00¢|O00]|00]|O00
2019 0.1 0.0 | 00O | 0O| 00O | 00O0]| 00| 00| O00O0]O0TY|O0O]|00] 0.0
2020 0.2 0.2 00| 00| 00| 00| 00|O00O]|O00]00]O00]|O00]O0.0

Source: developed by the authors on the basis of GUS (2017, 2018, 2019, 2020, 2021, 2022),
n.d. — no data (is a result of changes in the ways of reporting data)

MERCURY IN FISH

Studies show that fish are very sensitive to the impact of toxic substanc-
es and for this very reason, they are a very good indicator organism in geo-
chemical studies of water and the contamination of the aquatic environment.
Mercury is a strong neurotoxin for fish. The increase in Hg concentration
in freshwater may cause its increased absorption by fish (Sarfo et al. 2017,
Moiseenko et al. 2018, Ali et al. 2019).

Chemical substances can enter the organism of the fish directly through
the gills, the skin layer, and with food via the digestive tract (Huseen,
Mohammed 2019). Fish have been researched for Hg contamination
(Akerblom et al. 2014, Scheuhammer et al. 2015, Eagles-Smith et al. 2016,
Ferreira da Silva et al. 2020 ). The level of the chemical substance concentra-
tion in aquatic organisms, including fish, is closely related to their age,
nutrition, and the water depth they inhabit. As indicated by research, the Hg
concentration increases with age in large fish, which is particularly charac-
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teristic for perches and pikes (Yevtushenko, Dudnyk 2014, Kimakova et al.
2018, Backstrom et al. 2020). A literature review uncovered the presence
of Hg in various species of commercial fish, with anglerfish, common sole,
striped mullet, swordfish, mackerel, and cod having been documented
(Polak-Juszczak 2017, Zamora-Arellano et al. 2017, Grgec et al. 2020, Barone
et al. 2021, Issifu et al. 2022).

It 1s estimated that 70-100% of total Hg (THg) in fish muscle tissue
is MeHg, the most toxic form of mercury (Llull et al. 2017, Polak-Juszczak
2017, Azad et al. 2019, Ferreira da Silva et al. 2020), and its concentration
increases with the size and age of long-lived predatory species (Bosch et al.
2016a Nicklish et al. 2017, Polak-Juszczak 2017).

In their research, Annibaldi et al. showed that Hg concentration
in farmed tuna was below acceptable threshold levels (1 mg kg!, fresh
weight, f.w.) for all of the organisms (0.6 + 0.2 mg kg'), meanwhile, wild
tuna was found to exceed this limit (1.7 + 0.6 mg kg') — Annibaldi et al.
(2019). High Hg concentrations that exceed recommended consumption
norms for humans were found in fish inhabiting the Selenga basin (Kaus
et al. 2017).

In the final Report of analytic studies regarding priority substances in
the biota in rivers and lakes as per Directive 2013/39/UE, tests were presen-
ted from 216 measuring-and-control points (mcp) of river USWB and 80 mcp
of lake USWB. In 191 mcp of river USWB (88% of the overall mcp total),
Hg and its compounds were found to exceed the value of 20 pg kg! relative
to the environmental quality standards (EQS). The concentration values
of Hg and its compounds in the examined mcp of river USWB were below the
limit of quantification, i.e. <6.0 ug kg to 430.0 pg kgt. In 11 mcp (14% of the
overall mcp total) in the lake USWB, the concentration of Hg and its com-
pounds was lower than 20 pg kg!, meanwhile in 63 mcp (79% of the overall
mcp total), exceeding concentrations of Hg and its compounds relative to the
EQS (20 pg kg?') were found. The concentration of mercury and its com-
pounds in the examined lake USWB samples ranged between values below
the limit of quantification, i.e. between <6.0 pg kg! and 190.0 pg kg'. Basic
statistical parameters for the concentration results of Hg and its compounds
in the biota of river USWB and lake USWB fish are presented in Table 4.
The scale of marine and freshwater fishery in Poland from 2016 to 2021
was illustrated in Table 5. Table 6 shows the concentration of Hg (ug g)
in 77 fish species (Vieira et al. 2015).

NEGATIVE HEALTH CONSEQUENCES

Fish are an important element of a properly balanced diet at all stages
of the human life and development. Due to their commonness in the diet,
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Table 4

Basic statistical parameters of the priority substance — mercury — and its compounds
in the biota: river USWB fish and lake USWB fish in Poland in 2022

Mercury and its compounds in the river USWB fish biota

Unit minimum | maximum median mean SD CV (%)
(ng kg™ <6.00 13 000.00 39.00 107.50 882.30 820
Mercury and its compounds in the lake USWB fish biota
Unit minimum | maximum median mean SD CV (%)
(ug kg?) <6.00 190.00 35.00 42.23 31.43 74

SD — standard deviation, CV — coefficient of variation ’
Source: developed by the authors on the basis of GIOS (2022). For the purpose of the calcula-
tions, results below the limit of determination were substituted with values equal to half of the
limit of determination.

Table 5

Fishery of marine and freshwater fish in thousands of tonnes in Poland between 2016-2021

Fishery of marine and freshwater fish (thousands of tonnes)

Year 2016 2017 2018 2019 2020 2021

Marine fish overall, including: 197.1 210 197.2 203.2 191.9 185.9
cods 17.9 27.6 15.8 42.4 49.3 29.1
sprats 60.1 70.0 74.2 74.5 60.6 66.6
herrings 44.1 43.7 52.3 42.0 38.9 28.6
other marine fish 75.0 68.7 54.9 44.3 43.1 61.6
Freshwater fish 52.3 53.3 58.5 59.8 59.4 56.8

Source: developed by the authors on the basis of GUS
Table 6
Concentration of Hg (ug g™!) content in 77 fish species (Vieira et al. 2015)
(“;Ig_l) Fish (common name)

Anchovy; butterfish; catfish; cod, Atlantic; cod, Pacific; croaker, Atlantic;
flatfish; haddock; herring; John Dory; mackerel; perch, ocean and mullet; pike;
<0.1 plaice (European); pollock; rainbow trout (farmed); redfish; saithe; salmon,
Atlantic (wild); salmon, Atlantic (farmed); salmon, Pacific (wild); sardines;
smelt; sole; sprat; sweetfish; tilapia; wolf fish

Anglerfish; bass, freshwater; bass, saltwater; bluefish; carp; catshark; croaker,
Pacific; dab; eel; goatfish; grenadier; grouper; gurnard; hake; halibut, Atlantic
(farmed); halibut, Greenland; hoki; ling; lingcod and scorpionfish; mackerel,
>0.1 and <0.5 | horse; mackerel, Pacific; mackerel, Spanish; monkfish; Nile perch; perch, fresh-
water; pout; sablefish; scorpion fish; seabass; sea bream; skate/ray; snapper,
porgy and sheepshead; tilefish, Atlantic; tuna; tuna, albacore; tuna, skipjack;
tuna, yellowfin; tusk; whiting

Alfonsino; mackerel, king; marlin; orange roughy; shark; tuna, Atlantic bluefin;
tuna, bigeye; tuna, Pacific bluefin

>1 Swordfish; tilefish, gulf

>0.5 and <1
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their safety is of significant meaning to their consumers. Food safety, includ-
ing fish, is one of the health policy elements of the European Union (EU)
member states. For this purpose, the European Rapid Alert System for Food
and Feed (RASFF) was introduced, serving as a means of rapid exchange
of information about food that poses a threat to public health (Chmielewski
et al. 2021). As indicated by available data, the RASFF system alerts regar-
ding heavy metals constituted 19.8% of all the alerts regarding seafood,
13.9% of which was about Hg in fish, including tuna (10.0%), swordfish
(9.6%), and salmon (5.5%) (Piglowski 2023). In 2017 alone, 135 alerts for
fishing products were noted (RASFF 2018). Taking into account the data
above with the knowledge that a small percentage of fish and fish products
undergo government control, it can be inferred that they are a significant
environmental threat. Therefore the consumption of fish by consumers
should take into account reliable data regarding their Hg contamination,
as well as the possibility of adverse health consequences occurring in case
of exceeding recommended consumption norms.

As indicated by available data, the consumption of fish in Poland
amounts to approx. 13 kg per person, which is half the consumption average
for the European Union overall (Kula, Smiechowka 2016).

The estimated fish consumption per citizen in select European countries
is presented in Table 7 (Vieira et al. 2015).

The consumption of fish and related mercury exposure varies greatly
over the globe due to the amount and variance in the fish consumed, as well
as different cultural traditions and nutrition practices (Grgec et al. 2020).

A person consuming fish becomes the recipient of the total Hg dose con-
tained in all of the consumed fish (Kimakova et al. 2018). Fish are widely
used as a source of nutrition for many human populations (Dong et al. 2015,
Fliedner et al. 2016, Lepak et al. 2016). The consumption of preda}tory fish
contaminated with Hg is regarded as a serious exposure pathway (Akerblom
et al. 2014). Populations with traditionally high consumption of food sourced
from aquatic habitats are most exposed to Hg in their diet. Studies show
that Hg exposure is significantly related to fish consumption (Dong et al.
2015). According to the study run by Liu et al.,, the main source of Hg
exposure for consumers was their diet, with a contribution coefficient
of 61.23% - 99.77% (Liu et al. 2021).

Due to the fact that Hg enters the organism with food, numerous coun-
tries set limits for Hg in food. Table 8 illustrates the maximum Hg levels
set by different organizations and countries (Jinadasa et al. 2021).

The toxic effect of Hg has been well documented in the literature (Beckers,
Rinklebe 2017, Okpala et al. 2017).

The presence of Hg and MeHg in some fish species is high enough to be
able to cause adverse health effects in vulnerable groups of the population,
in particular fetuses and young children (Buchanan et al. 2015, Zamora-
-Arellano et al. 2017, Grgec et al. 2020, Barone et al. 2021).
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Table 7

Estimated fish consumption per inhabitant (kg/year) in selected European countries

between 2015-2030 (modified Vieira et al. 2015)

Country 2015 2020 2025 2030
Austria 12 12 12 13
Denmark 26 27 28 29
France 32 32 33 33
Germany 16 16 17 18
Greece 26 27 27 217
Ttaly 26 27 28 29
Portugal 59 58 58 57
Spain 39 39 39 39
Sweden 27 27 27 27
Poland 13 14 15 16
Latvia 38 38 38 39

Table 8

Maximum permissible levels of Hg and its speciation forms set by different organizations

and countries (modified Jinadasa et al. 2021)

Regulatory
L limits
Organization Products (whv basis,
if not indicated)
fisheries products (including mollusks, crustaceans,
and most fish species) except listed fish in section 3.3.2,

EU EU/EC 1881/2006 — total Hg 0.5 mg kg
fish muscle — total Hg 1 mg kg!
food supplement — total Hg 0.1 mg kg'!
action limit for MeHg in fish 1 mg kg*

FDA reference dose (RfD) for MeHg 0.1 pg kg* body

weight/day
gemfish, billfish (including marlin), southern bluefin tuna,
barramundi, ling, orange roughy, rays and all species

FSANZ of shark — total Hg 1 mg kg
other fish, fish products, crustaceans,
and mollusks — total Hg 0.5 mg kg'!

CFIA commercially sold fish (except for shark,
swordfish, and fresh/frozen tuna) — total Hg 0.5 mg kg!

China MeHg in predator fish (shark, sailfish, tuna, pike) 1 mg kg
other aquatic products of animal origin — total Hg 0.5 mg kg

J fish and shellfish — total Hg 0.4 mg kg

apan MeHg 0.3 mg kgt

EU — European Union, FDA — the United States Food and Drug Administration, FSANZ — Food

Standards Australia New Zealand, CFIA — Canadian Food Inspection Agency
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Even at very low concentrations (> 2 mg kg of body weight daily), expo-
sure to Hg may be responsible for a number of illnesses. The health risks for
people consuming Hg-contaminated fish include such adverse health effects
as brain damage, heart failure, kidney damage, Minamata disease, pulmo-
nary edema, cyanosis, decrease in the intelligence quotient (IQ), nervous
system damage in adults, neurological development disorders in infants and
children, loss of sight and hearing, weakened reflexes and memory loss.
Hg may affect the development or exacerbation of the symptoms of amyo-
trophic lateral sclerosis, multiple sclerosis, Parkinson’s, Alzheimer’s, and
autism in children (Rice et al. 2014, Buchanan et al. 2015, Dong et al. 2015,
Makam et al. 2018, Chmielewski et al. 2020).

A conceptual model of risk assessment was presented in Figure 1 (Zamora-
-Arellano et al. 2017).

o Reduction

B : - Hg™ -
Sources Oxidation Hg concentration

depends:

71,.‘ 2 B e, ii Trophic level, size, age,
o g sex and geographic zone
: ) ‘é‘( geograpl

1 Biomagnification
Fish species
Portion size
Frequency of consumption

1
¥ Reduction He' l)rmclhvl';llinnl
K 0 CHHg
Fish species | |

Hg
\ Fish species 2
General population ('““S“mf"_i““
(GP) patterns
chi Demographic characteristics:
Fishing related 4 -
? M pﬂpumﬁm (FRP) Age, body weight, occupation

Fig. 1. Conceptual model of mercury exposure through fish consumption
(Zamora-Arellano et al. 2017)

Water

Sediment

Methy latics
emicthylato®

Fish species 3

CONCLUSIONS

As far as public health is concerned, possible consequences of the long-
term consumption of fish and threats to human health related to the
bioaccumulation of mercury in the fish organisms have to be recognised.
The benefits of fish and fish product consumption ought to be highlighted,
while simultaneously informing which species are particularly predisposed
to Hg contamination, thus constituting a potential threat.

The analysis of the information and data included in the present study
allows one to draw a basic conclusion, which is that fish consumption should
not just be recommended for human nutrition, but education measures
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regarding its consumption norms should be undertaken. In that way, the
potential risk of Hg accumulation in the organism of a fish consumer will
decrease.

Due to the contamination of fish with Hg, it seems crucial to educate
women who are pregnant, breastfeeding, and in their reproductive age about
fish consumption, their nutritional value, as well as selecting appropriate
species for consumption. Information regarding this topic should be as reli-
able and objective as possible. The benefits of fish and fish product consump-
tion should be highlighted, while simultaneously informing which species are
particularly prone to Hg contamination, posing a potential threat.

Conflict of interest: The authors declare no potential conflict of interest
with respect to the authorship and/or publication of this article.
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