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ABSTRACT

Background: One of the main water contaminants are Hg, Cd, Pb and As. The chain of contamination
of these metals and metalloid follows a cyclical order: Industry, atmosphere, land, water, phytoplankton,
zooplankton, fish, and humans. Currently, Hg, Cd, Pb and As researches are of interest because con-
sumption of fish with high toxic metal and metalloid concentrations affects human health. Objective:
Provide information on the characteristics of Hg, Cd, Pb and As in the problematic of fishing resource
contamination, their implications on human health, and international evidence on studies conducted
on Caranx, Scomberomorus, Epinephelus, Euthynnus, Lutjanus, thunnus and Megalops fish genera. Methods:
Database, Science Direct, Pub Med, Escopus, Springer Link, and Scopus, available information was re-
viewed using the keywords: Heavy metals, water pollution, fish, mercury, cadmium, lead, arsenic, health
risk, regulations, biomagnification, and bioaccumulation. Results: The metals that pose the highest
risks for human health are mercury, cadmium, lead, and arsenic which cause important complications in
the nervous system, kidneys, bones, lungs, and cardiovascular system due to their toxicity and possible
carcinogenic effect. Fish contents of Hg, Cd, Pb and As varies depending on the zone, environmental
conditions, the contamination level of the fishing site, and the characteristics of the fish, being some fish
more prone to accumulating higher concentrations of these metals in their muscles; among the species,
the metal that showed the highest risk was mercury, being in high concentrations in the largest, most
enduring predatory fish. Conclusions: Studies submitted in this review, may be used as the base for
future comparisons with Hg, Cd, Pb and As concentration values in different fish studies for the Caranx,
Scomberomorus, Epinephelus, Euthynnus, Lutjanus, and Megalops genera in order to be able to determine
consumption recommendations and warnings.
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RESUMEN

Antecedentes: Uno de los principales agentes contaminantes en las aguas son Hg, Cd, Pb y As.
La cadena de contaminacién de estos metales sigue un orden ciclico: industria, atmésfera, suelo, agua,
fitoplancton, zooplancton, peces y humanos. Las investigaciones en Hg, Cd, Pb y As son de interés en la
actualidad ya que el consumo de pescado con altas concentraciones de estos metales y metaloides toxicos
afecta la salud humana. Objetivo: Ofrecer informacién de las caracteristicas del Hg, Cd, Pb y As en
la problemitica de contaminacién de los recursos pesqueros, sus implicaciones para la salud humana y
evidencias internacionales de los estudios realizados en los peces de los generos Caranx, Scomberomorus,
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Epinephelus, Euthynnus, Lutjanus y Megalops. Métodos: Se revisé informacién disponible en las bases de
datos, Science Direct, Pub Med, Escopus, Springer Link, Scopus, utilizando las palabras clave: heavy
metals, water, fish, mercury, cadmium, lead, arsenic, health risk, regulations, biomagnification, bioacu-
mulation. Resultados: Los metales con mayor riesgo para la salud humana son mercurio, cadmio, plomo
y arsénico, los cuales causan complicaciones importantes en el sistema nervioso, renal, dseo, pulmonar,
cardiovascular debido a su toxicidad y posible efecto carcinogénico. El contenido de Hg, Cd, Pby As en el
pescado varia dependiendo de la zona, las condiciones medioambientales, el grado de contaminacién del
lugar de pescay las caracteristicas del pez, siendo algunos peces mas propensos a acumular concentracio-
nes mds clevadas de estos metales en el musculo, entre las especies de peces, el metal que mostro mayor
riesgo fue el mercurio, estando en altas concentraciones en los peces mis grandes, de mayor longevidad
y depredadores. Conclusiones: Los estudios presentados en esta revisién pueden servir como base para
futuras comparaciones con valores de concentracién de metales pesados en diferentes estudios de peces
para los géneros Caranx, Scomberomorus, Epinephelus, Euthynnus, Lutjanus y Megalops, con la finalidad de

poder establecer recomendaciones y advertencias sobre su consumo.

Palabras Claves: Peces, contaminacién del agua; mercurio; cadmio; plomo; arsénico

INTRODUCTION

Currently, chemical products coming from
sources like industrial, urban, and agricultural
waste discharges are contaminants of the surfaces
and sediments of the waters in the world(1). One
of the main contaminant agents in the waters are
Mercury (Hg), Cadmium (Cd), Lead (Pb), and
Arsenic (As). The chain of contamination of these
metals and metalloid follows a cyclical order: In-
dustry, atmosphere, land, water, phytoplankton,
zooplankton, fish, and humans (2). In some fish
species, contamination levels are so high, they may
cause adverse effects on human health. Some coun-
tries issue alerts on the risk of contaminated fish
consumption; however, they are ignored by public
at large who continue consuming without taking
into account the serious health consequences (3).

Trace elements are present in every ecosystem
in the world (4); nevertheless, the increase of these
metals and metalloids in marine systems has be-
come a risk to human health due to their toxic
eftects (5). The main Hg, Cd, Pb and As contamina-
tion factors in fluvial and marine sources are indus-
trial and municipal wastewater discharge, mining,
combustion of fossil fuels, deforestation and fertil-
izers used in agriculture (6—8). Also natural sources
such as soil weathering and volcanic activity pollute
the environment significantly (9). Trace elements
can be soluble in water and react with organic mat-
ter forming complexes and chelates, which increase
its solubility, availability and dispersal (10).

Once trace elements are released into the waters,
they bioaccumulate into aquatic sediments de-

pending on environmental conditions water cycle,
seasonal variations, pH, microorganisms, sediment
reduction and oxidation potential (11-15); in the
sediments takes place the migration of metal com-
pounds from the abiotic environment into aquatic
organisms and the subsequent introduction and bio-
accumulation in marine food chains (16), predators
exhibit highest concentrations (17). Accumulation
of metal in the tissues organism depends mainly
on water concentrations, bioavailability and fish
trophic position (18, 19).

The main metal threats to human health have
been mainly associated to Hg, Cd, Pb, and As
exposure (20, 21); they get into humans through
diet, which poses a risk for populations with fish
consumption over 8 — 12 ounces per week, exceed-
ing the United States Environmental Protection
Agency (U.S. EPA) recommendations (22, 23).

Hg has a series of chemical transformations in the
environment, appearing as zero oxidation state (Hg"),
mercurous state (Hg"), and mercuric state (Hg*?);
additionally, it may form organic compounds, being
methylmercury (MeHg), the most important form
in terms of toxicity and effects on health (5). MeHg
causes damages at the central nervous system level
and its neurotoxic effect is attributed to mitochondrial
damage via glutathione reduction (GSH), which re-
duces ATP synthesis and increases lipid, protein, and
DNA peroxidation; MeHg, due to its high affinity
with the sulthydryl group, it forms complexes with
N-acetylcysteine and cysteyne, important precur-
sors of GSH, which increases free radical production
and reduces the oxidation defense systems and the
imbalance between both processes produces the un-
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controlled release of calcium from the mitochondrion,
disturbing intracellular calcium levels (24, 25).

Cd accumulates in the human body for long peri-
ods of time causing damages to the nervous system,
kidneys, bones, lungs, and cardiovascular system (26,
27), Cd cytotoxicity induces cellular dysfunctions,
including cell death, reducing DNA breathing, and
increasing mutagenesis. It has been classified as carci-
nogenic for humans (Group 1) (28), in spite of it not
being directly mutagenic. DNA damages that take
place after exposure to cadmium seem to be mainly
mediated by the indirect production of free radicals,
partly due to the inhibition of cellular antioxidants
and oxidative stress increase (29).

Pb is neurotoxic and, due to its capacity to join
erythrocytes, it may be widely distributed to the
human body organs where it concentrates and
generates damage. Lead toxicity is due to its abil-
ity to substitute itself with other divalent cations,
specially calcium and zinc, affecting their functions
into the cell, mainly in the cellular organelles like
the mitochondrion, where its concentration affects
the energetic metabolism and favors the generation
of free radicals. One of the reasons why lead may
substitute itself with diverse cations in the cell is
its ability to form stable interactions with oxy-
gen and sulfur, common components in the sites
where proteins join the metal, and, besides, due to
its longer ionic range and higher electronegativity
lead 1s more related to these proteins than other
cations like calcium and zinc; however, lead charge
distribution is irregular due to the presence of two
inert electrons in its electron cloud, which alters
the structure and function of the joined protein,
inhibiting its functionality (30, 31).

Chronical exposure to As, has been associated
to skin injury, peripheral neuropathy, encephalopa-
thy, hepatomegaly, cirrhosis, hematite metabolic
alterations, bone marrow depression, diabetes, and
renal failure. The action mechanisms of this metal
depend on the way they present. In its pentavalent
form, as arsenate (As*?), it may replace phosphorus
in multiple biochemical reactions having as the
main consequence ATP depletion. In its trivalent
form, arsenite (As™), it has a great affinity with
the thiol groups, turning it into a powerful GHS
inhibitor, and thioredoxin reductase, which may
alter the cellular oxide reduction mechanisms
generating cytotoxicity. As™ it is also a pyruvate
dehydrogenase (PDH) inhibitor, which ultimately
reduces ATP production (32, 33).
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There are important precedents on the serious
consequences of Hg, Cd, Pb and As contaminated
tish consumption has on human health, being
worth mentioning: Minamata (Japan) tragedy,
where over 900 people lost their lives and two
million suffered health problems as a consequence
of having eaten Hg contaminated fish, Minamata
disease (34), and the event at Jinzu River basin, at
Toyama prefecture, where one of the most serious
Cd prolonged intake intoxication cases takes place
following the mining extractions that contaminated
those waters (35). In South America, an anthro-
pogenic source contamination increase has been
evidenced in high concentrations of trace elements
on fish tissues (36). In Colombia, there are studies
on biota metal concentration determination studies,
such as those conducted by Olivero and Johnson at
Ciénaga Grande de Achi, located on Caribona River
basin, Cauca River sub-basin; Ciénaga de Simiti,
cast of San Lucas mountain range, on Magdalena
River; and south of Bolivar, Magdalena and Cauca
lowland swamps, on species characteristic of these
regions (37). However, there are no reports of
importance on the Colombian Caribbean, on Hg,
Cd, Pb and As contamination fishing resources,
like porgy, coastal trevally, jack mackerel, wahoo,
skipjack tuna, mud sucker, grouper, tuna and grop-
ers, among others, belonging to the genera Caranx,
Scomberomorus, Epinephelus, Euthynnus, Lutjanus,
thunnus and Megalops (38); which are of commercial
importance in the market of this region (39). There-
fore, it is required to conduct studies to determine
fish Hg, Cd, Pb and As content in this region. The
objective of this work was to submit a review of the
characteristics of Hg, Cd, Pb and As in the con-
tamination problematic of fishing resources, their
implications on human health, and international
evidence of studies conducted on fish belonging to
genera (Caranx, Scomberomorus, Epinephelus, Euthyn-
nus, Lutjanus, Thunnus and Megalops).

MATERIALS AND METHODS

Abibliographical review of information between
2001 and 2015 was performed along some classical
articles about Mercury, Cadmium, Lead, and Arse-
nic contents in Caranx, Scomberomorus, Epinephelus,
Euthynnus, Lutjanus, Thunnus and Megalops genera
that share characteristics with the fish of the same
genera found in theColombian Caribbean ; those
researches that quantified wet weight (mg/kg o ug
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Hg /g wet weight) or if this information was pos-
sible to be extracted from the article were selected.
These metals were also characterized and articles
about the implication of consumption on health
were taken into account. The regulations stipulated
by Codex Alimentarius and Joint FAO/WHO
Expert Committee on Food Additives (JECFA)
were considered to analyze the maximum metal
content allowable limits in fish and fish existing
tolerable provisional intake recommendations to
guarantee safe consumption. Documents were
selected from databases, Science Direct, Pub Med,
Escopus, Springer Link, and Scopus using the fol-
lowing keywords for the search: Heavy metals,
water contamination, fish, mercury, cadmium, lead,
arsenic, health risk, regulations, biomagnification,
and bioaccumulation.

The terms heavy metals, water contamination, fish, mercury,
cadmium, lead, arsenic, health risk, regulations, biomagnification,
and bioaccumulation were used to perform the information search

[ 2

4,380 registers between 2001 and 2014, with the inclusion of
some classical articles, were used to search the information

L 4

Considered aspects:

1. Heavy metal content in fish
2. Heavy metal toxicity

3. Recommendations and warnings

[ 4

95 registers included in the review

Figure 1. Search flowchart.

RESULTS

Mercury

Hg is a transition element of Group 12 (II B),
with an atomic mass of 200.59 amu and it is one
of the most toxic metals in aquatic ecosystems. A
series of complex chemical transformations allows
mercury to be present in the environment in its
three oxidation states (5). Atmospheric Hg in the
form of mercury vapor (Hg"), is derived from soil
weathering, volcanic activity and ocean evapora-
tion. Also anthropogenic sources like refining and
combustion of fossil fuels, gold mining, chlor alkali
industry, cement, steel and phosphate production;
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the release of Hg in the world are estimated in 6000
tons per year, in Colombia it is estimated that each
year around 31.26 tons are released into the water
(40). In the environment Mercury vapor it is oxi-
dized to a water-soluble inorganic form (Hg*?), the
metal may then be reduced back to Hg’, or it may
be methylated by microorganisms present in the
freshwater and oceanic sediments, this biomethyl-
ation reaction produces MeHg, the mainly form of
mercury in aquatic organism. MeHg into aquatic
food chains follows the cycle, plankton, herbivorous
tish and carnivorous fish (5,41).

Gastrointestinal absorption of Hg"* form
compounds in food is around 15%, while MeHg
absorption is 90 to 95%; generally, about 80 to 100%
of Hg found in fish muscle corresponds to MeHg
(41). The biological average life of Hg is estimated
at about 44 days (5).

The toxicological profile of Hg varies depending
on its form. Exposure to Hg” and MeHg produce
symptoms in the central nervous system, while Hg
mono and divalent forms act mainly in the kidney.
MeHg corresponds to the most toxic organic form
of Hg (25). It is neurotoxic due to its accumula-
tion in the central nervous system, deteriorating
physiological functions through the interruption
of the endocrine glands (42). MeHg is classified as
carcinogenic for humans, group 2B, mainly related
to liver and esophagus cancer (28). In addition,
methylmercury can cross the placenta causing neu-
rotoxic effects during human brain development,
probably permanent (43, 44).

Some authors have reported the content of Hg in
tish (Scomberomorus cavalla, Caranx ignobilis, Caranx
melampygus, Lutjanus bohar, Euthynnus affinis, Lutjanus
russelli, Thunnus albacores, Thunnus alalunga, Thun-
nus obesus, Thunnus Thynnus and Megalops cyprinoids,
Table), in the Gulf of México, Queensland, Austra-
lia, southeast of Taiwan, western and central Pacific
Ocean, Mediterranean Sea and southwest coast of
India (45-49) finding Hg levels in muscle over 0.5
ug Hg/g wet weight for the largest, most enduring
predatory fish (Scomberomorus cavalla 1.085ug Hg/g
wet weight, Caranx melampygus 0.681 + 0,174 ug
Hg/g wet weight, see table). According to what
has been reported in Queensland, the highest Hg
levels are mainly due to biomagnification of the
food chain of this metal (46). These findings are
congruent with data reported by other researchers
on these fish species that have similar characteristics
(50-52).
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An epidemiologic study conducted in San Fran-
cisco was able to demonstrate that the consumption
of predatory fish, which may have high Hg levels in
its MeHg form entails adverse health effects. The
study determined a significant correlation of high
levels of mercury on subjects who consumed sword-
fish 1.94 times a month, in average, using as refer-
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ence, 150- 277 gram portions. This research analyzed
blood Hg levels on 89 participants who consumed
more than 30 species of fish and 82 of them showed
levels over 5 ug Hg/L in the blood and 16 showed
levels over 20 ug Hg/L in the blood (US EPA and the
National Academy of Sciences recommend keeping
blood mercury levels under 5 ug/L) (53).

Table 1. Hg, Cd, Pb and As content in fish of Caranx, Scomberomorus, Epinephelus, Euthynnus, Lutjanus, Thunnus

and Megalops genera.
Common Means *+ SD (mg/kg wet weight or ug/g wet weight)
Region Species n Reference
name Hg cd As Pb
Er_ren River, Megalops Indo-Pacific 31 | 0.081 + 0.026 <0.0125 0.683+ 0175 Chen et al (2004)
Taiwan cyprinoids tarpon (54)
Southwest Coast Lutjanus Serra Thiyagarajan et al
ouriwest -oast Hyani Spanish | 18 | 0.09 £0.11 | 0.04 = 0.03 021 +0.13 yagarajan eta
India russelli (2012) (55)
mackerel
Lutjanus Mangrove
. . 65 0.03 = 0.02 0.39+ 0.25 0.03 = 0.01
Pearl River delta, griseus Snapper Leung ct al (2014)
Chi 1 56
e Lugianus 1 g, ¢ Snapper | 68 0.07+0.04 | 1.53 =099 | 0.04 =001 (56)
stellatus
Rio de Janciro, Caranx crysos | Blue runner | 12 001002 | 06+02 | 0303 |Mederosetal 2012)
Brazil (57)
Ploetz et al (2007)
9 0.206 *= 0.08 0,421
Gulf of México Scon;fz;c;;:oms Sierra an
385 1,085 EPA (2003) (45)
Scomberomorus Spanish 6 0,078 0.048 0.223+0.135 _ '
Bandar Abbas, commerson mackerel Saei-Dehkordi and
1 Persian Gul i Fallah (2011) (58
ran (Persian Gulf) |- Epinephelus | oo | 6 0.076+0.023 0207+0.111| THah 01D (8)
Coioides
Caranx Lowly 4 1 0.234 = 0,250
ignobilis trevally
Caranx Blue-fined
Qucen§land, melampyaus trevally 2 10.681 0,174 Denton and Burdon
Australia - (1986) (46)
Lutjanus bohar | Red bass 2 10.223 = 0.037
Buthynnus 1 gonito | 3| 0,075 = 0053
affinis
Thunnus Yellowfin El-Moselhy et al
Shalateen, Egypt albacares cuna 4 0,06 = 0,01 0,32 = 0,03 (2014) (47)
Baja Cahforma Thunnus Yellowfin 37 | 015+ 010 Ordiano et al (2012)
Sur, Mexico albacares tuna (48)
Thunnus
Alb. 1151 0.444 = 0.148
Western and alalunga acore Chen et al (2014)
central Pacific - (49)
Ocean IS Bigeve tuna | 75 | 0.929 + 0.668
obesus
Mediterrancan Sea | S| Bluchin tuna | 73 | 020 £ 007 | 002001 | 261 %147 | 0.10 = 0,03 | Storellictal 2005
Thynnus (59)

In Colombia, Hg contamination is mainly as-
sociated to mining activity, combustion of fossil
fuels, waste incineration, waste disposal, waste
water, where the metal is released into the water
and atmosphere contaminating fish living in those
areas (60). A study conducted on hair samples of
1,328 individuals, located along Cauca and Mag-
dalena rivers, where most mining activities take

place, showed that individual hair Hg average was
1.560 + 0.060 ug/g, with values oscillating between
0.010 and 20.140 ug Hg/g in hair; 52.0% of the
studied population exceeded the 1.0 ug Hg/g in
hair recommendation determined by USEPA. The
habitants located closer to the mining areas were
those who showed the highest Hg level in hair; in
this study, 99.8% consumed fish at least once a day
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and in some cases the intake was three times a day
(61). Another study conducted at Caimito, a town
near San Jorge River, located in the northwestern
region of Colombia, apparently free from mining
activities, hair mercury levels were measured to 94
participants between 15 to 65 year-old, finding an
average Hg concentration of 4.910 + 0.550 ug Hg
/g in hair; no significant differences were found on
Hg levels in hair by sex or age but, however, a small
but significant correlation was found between fish
consumption frequency and Hg levels in hair (62).

Due to Hg intake consequences on health,
the Codex Alimentarius determines maximum
allowed levels of MeHg in fishing products and
tish meat of 0.5 ug MeHg/ g, excepting predatory
tish, where the maximum allowed level is 1.0 ug
MeHg/ g; additionally, the Codex also counts on an
inorganic Hg Provisional Tolerable Weekly Intake
of 4 ug/ kg of body weight for humans and MeHg
of 1.6ug/ kg of body weight (63). In 2007, JECFA
reaffirmed the existing PTWI of 1.6 ug/kg of body
weight for MeHg, based on the toxicological critical
point (neurotoxicity development) in the human

species (64).
Cadmium

Cdis an element of the Group 12 (II B), with an
atomic weight of 112.40 amu and it is issued to the
ground, water, and air through mining, non-ferrous
metal refining, manufacturing and application of
phosphate fertilizers, fossil fuel burning, and waste
incineration and disposal. There is evidence that
about 30,000 tons of cadmium are released into the
environment every year with an estimated 4,000-
13,000 tons from human activities affecting aquatic
organisms,The average level of cadmium in ocean
water has been reported between <5 and 110 ng/L
(65). The nutrient-like profiles of Cd and correla-
tion whit the phosphate in the ocean indicate its
uptake by phytoplankton. Cd is then transferred to
zooplankton and upper trophic levels through food
chain webs; however the exact mechanisms of Cd
uptake and the relationship with phosphates and
other nutrients remain unknown (66—68). Human
beings absorb Cd 5 to 8%, factor that is favored with
low iron, calcium, and protein diets. Cd is trans-
ported by blood and distributed mainly to the liver
and kidney (5) where it is long-term stored in the
organism, having an average biological life of 17 to
30 years in human beings. Cd negatively aftects the
kidney, inducing tubular kidney failure and chronic
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kidney failure; in the lungs, it causes fibrosis (65),
cardiovascular system risks due to the increment of
cholesterol and free fatty acids in the blood, increas-
ing the risk of aortic and coronary atherosclerosis
(69), although the mechanisms and Cd relation to
dyslipidemia have not been elucidated yet; studies
suggest it is mainly due to the reduction of the
High Density Lipoproteins (HDL) and to the high
triglyceride and HDL proportion. Furthermore,
Cd also affects children central nervous system
causing neurological disorders, learning problems,
and hyperactivity (70, 71). Some studies on adults
and children’s exposed to cadmium have suggested
abnormal behavior and decreased intelligence,
however because to the blood- barrier protection
the direct toxic effect to occur only with cadmium
exposure prior to blood-brain barrier formation
or with blood-brain barrier dysfunction (5). It has
been classified as carcinogen for group 1 humans
and it has been mainly related to lung, prostate,
pancreas, kidney, and bladder cancer (28). Several
studies conducted in the US, Trinidad, Brazil,
China, Iran, India, Egypt, Mediterranean Sea and
Taiwan, demonstrated that the Cd concentrations in
tish muscle were usually low. Among S. Commerson,
E. Coioides, C. crysos, L. griseus, L. stellatus, T alba-
cares, T thynnus and M. cyprinoids species, cadmium
in muscle was generally lower than 0.1 ug Cd/g of
wet weight (46,54-56,58), excepting the Gulf of
Mexico, where Cd content in muscle was 0.206 +
0.08 ug Cd/g of wet weight in S. cavalla, although
this study found a significant correlation between
the size of S. cavalla and liver Cd levels; a correla-
tion between the size of S. cavalla and muscle Cd
content was not found (11). The study conducted
by Saci-Dehkordi and Fallah (58) in the Persian
Gulf, found differences between the muscle Cd
concentrations in S. Commerson during summer
and winter seasons, 0.053 + 0.035 and 0.102 +
0.048 ug Cd/g of wet weight, respectively; the high
Cd muscle levels during the winter are attributed
to metal precipitation in the water due to the rainy
season (58, 72).

Due to health consequences of Cd intake, Co-
dex Alimentarius and JECFA determined a human
Provisional Tolerable Monthly Intake (PTMI) of
25 pg Cd/kg of body weight (63, 73).

Lead

Pb is a Group 14 element (IV A), with an atomic
weight of 207.2 amuy; it exists in the Pb’, Pb*?, and
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Pb** oxidation states, generally in combination
with two or more elements to form compounds
(7); it gets to the aquatic system due to the ground
superficial erosion and atmospheric deposition (74).
Environmental levels have increased over 1,000
times in the last three centuries as result of hu-
man activity; the highest increase has taken place
between 1950 and 2000 (7). Speciation of lead in
marine waters is largely influenced by carbonates,
chlorates and organic natural ligands. The propor-
tion of inorganic complexes of lead is largely deter-
mined by the pH of the water, the concentration of
these complex gradually increase with increasing
total metal loading in sediments which suggest a
potential threat to benthic organisms and aquatic
biota in the marine system (75-77). Once absorbed,
it is transported in the bloodstream to other tissues
and it is accumulated in high concentrations in
bones, teeth, liver, lung, kidney, brain, and spleen
going through the blood-brain and placental barrier
(5). Pb average biological life may be considerable
higher in children than in adults; in the blood, it
has an estimated average life of 35 days; in soft tis-
sue, of 40 days; and in bones, 20 — 30 years (78).
The main way of absorbed Pb excretion is the
urinary tract, in general, with glomerular kidney
filtration; it is also excreted with the bile through
the gastrointestinal tract (5). The most aftected
systems by Pb are the nervous, the cardiovascular,
hematologic, and renal. Lead poisoning symptoms
are headaches, irritability, abdominal pain, and oth-
ers related to the nervous system (20). Pb chronic
toxicity in humans frequently produces apathy,
irritability, low attentional capacity, epigastric
pain, constipation, vomit, convulsions, coma, and
death. In children, it may present encephalopathy
with lethargy, mental dullness, vomit, irritability,
and anorexia; in the most serious cases, prolonged
exposure to Pb may reduce the cognitive function
and cause conduct disorders, especially aggression,
psychosis, confusion, and mental deficit (7). Pb is
one of the contaminants consumed in diet that has
been clearly identified as a risk for human health
(79), it has been classified as carcinogenic for 2B
Group humans while inorganic lead compounds
have been classified as carcinogenic for 2A Group
humans, mainly related to stomach cancer (28).
Often, high Pb concentrations in fish take place
in areas close to mining activities and in areas with
a high presence of this metal industry (80). Several
studies have examined Pb concentrations in fish
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in the Gulf of Mexico, Iran, Brazil, China, Egypt,
Mediterranean Sea and India; the highest levels
have been reported by Ploetz et al. (11) in the Gulf
of Mexico (0.421 ug Pb/g wet weight) in S. cavalla.
Saci-Dehkordi and Fallah (58) in the Persian Gulf
found lead concentrations in S. Commerson and E.
Coioides that oscillate between 0.158 and 0.367 ug
Pb/g wet weight; this study measured Pb concentra-
tions in fish both in the winter and in the summer.
Both species S. Commerson and E. Coioides, showed
higher lead levels during the winter, 0.289 and 0.367
ug Pb/g, respectively. Medeiros et. Al (57), reports
levels of 0.3 ug Pb/g wet weight in the species C.
crysos. The lowest Pb levels were found in fish in the
Pearl River delta (China) in the species L. griseus and
L. stellatu, with 0.03 and 0.04 ug Pb/g wet weight,
respectively, in spite of it being a highly contami-
nated area by human activities (56).

Due to health consequences of Pb intake, Codex
Alimentarius determines a maximum limit of Pb in
tish of 0.3 mg/kg of wet weight (63). The current
PTWI recommendation in humans of 25 ug Pb/
kg of wet weight determined by JECFA has been
withdrawn; the same committee, after assessing it in
2011, set forth it is not possible to determine a new
PTWI that may be considered health protector (81).

Arsenic

As is a Group 15 element (V A), with an atomic
weight of 74.922 amu found highly distributed in a
natural way on the earth’s crust; it may exist in the
As*and As*’ oxidation states in a wide number of
inorganic and organic forms with different toxicity
levels (8). As anthropogenic sources include pesti-
cides, wood and industry preservatives, mining and
smelting wastes (32). As dissolves easily in marine
waters where is present in trivalent, pentavalent and
methylated forms. In anoxic conditions, Arsenate
(As™) is the dominant dissolved species, in surface
water the arsenate is uptake by phytoplankton to-
gether with phosphate and transferred to arsenite
(As’*) and methylarsenate and dimethylarsenate.
Other organoarsenic compounds of arsenate and
arsenite like monomethylarsonic acid (MMA)
dimethylarsinic acid (DMA), arsenobetaine (Ab)
are produced by microbiological processes in the
sediments (82,83). Arsenobetaine is considered the
dominant As form in acuatic organisms including
fish where Ab represents more than 95% of As
total (84,85).
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As compounds are absorbed by the gastrointes-
tinal tract. Ingested inorganic As average biological
life is about 10 hours and 50-80% is excreted in
about three days, while methylated As has an aver-
age life of 30 hours. Ingested As may go through
the placental barrier affecting the fetus, it is trans-
ported in the blood joined to the red cells and it is
distributed throughout the body; once absorbed,
it is oxidized and methylated in the liver to form
monomethylarsonic acid and dimethylarsinic; this
process may lead to the formation of dimethylated
As metabolites. Most As is readily excreted in urine
as MMA and DMA (5).

As has high affinity with the sulfhydryl groups,
rich in keratin and tend to concentrate on the
skin but it may be deposited also in bones, teeth,
hair, and fingernails, mostly when the exposure is
chronic (5). The evident signs of chronic As toxicity
are skin changes and wart or callus formation on
palms or soles, along interspersed hyperpigmenta-
tion areas on the face, neck, and back (86). Chronic
exposure may produce neurotoxicity of the central
and peripheral nervous system while the signs
of As acute toxicity are mainly: vomit, diarrhea,
cramps, salivation, fever, cardiovascular disorders,
and it may lead to death (5). Arsenic is carcino-
genic for group 1 humans and it is mainly related
with lung, kidney, bladder, and skin cancer (28).
Arsenic compounds affect human immune func-
tion. In environmentally exposed children, there is
not correlation between total arsenic in urine and
superoxide anion production and in adult smelter
workers, higher levels of urinary arsenic correlated
with increased lipid peroxidation and lower vitamin
E levels in blood (5).

According to researches conducted in Brazil,
China, Mediterranean Sea and Taiwan, among ana-
lyzed toxic metals As concentrations were the high-
est (54, 56, 59, 57). The highest and lowest observed
were 2.61 + 1.47 ug As/ g wet weight for T. thynuss
and 0.39+ 0.25 ug As/ g wet weight for L. griseus
in Mediterranean Sea and the Pearl River delta re-
gion (China) (56,59). Chen et al, reported that As
concentrations in fish muscles varied depending on
the capture place which are widely influenced by
human activities (54). As concentration reported in
Brazil and Taiwan were similar: 0.600 + 0.200 25
ug As/g wet weight for C. crysos and 0.683+ 0.175
tor M. cyprinoids (54, 57) .

PTWTI for inorganic As previous recommenda-
tions of 2.1 ug As/Kg of body weight determined
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by JECFA have been withdrawn because they are
considered without protective effect (87).

DISCUSSION

This paper develops general and important
aspects of pollution of Hg, Cd, Pb and As in some
fisheries resources of commercial importance, give
an overview of each metal, their natural and anthro-
pogenic sources, cycles and speciations, toxicity and
health effects, state regulations and recommenda-
tions for tolerable intake. It is important to note that
the information shown here provide an overview of
the conditions that determine the concentration of
Hg, Cd, Pb and As in marine ecosystems.

In the global context, studies on trace elements
contents in fish and their health risks are related to
factors like the characteristics of the fish, according
to Denton et al. Chen et. Al. in their researches,
Hg contents in fish muscular tissue and liver tissue
are clearly dependent on trophic levels, observing
higher mercury levels in largest, most enduring,
and predatory fish (46, 54). However, not only
the species, the size, and the age of the fish are the
determining factors for a higher metal content, as
Ploetz et al. point out in their S. cavalla study which
did not find any correlation between the size of the
fish and its muscle cadmium content (11) and Chen
et al. did not observe difterences in the As concen-
trations according to the species of the fish (54).
Other characteristics are also determinant for biota
metalscontent, as pointed out by Velusamy et al in
their Mumbay Bay (India) findings, with higher
trace metal accumulation in demersal fish followed
by neritic and pelagic fish (88). Additionally, aquatic
ecosystem environmental conditions like the level
of contamination, increase metal concentrations
due to fish susceptibility to toxic substances present
in water, as stated by Thiyagarajan et al, on their
studies in different zones on the southwest coast
of India related to high populations and industrial
eftluents as the main metal contamination sources
in coastal waters (55).

Some studies have given importance to the
effects of the season on metal concentration in
tish, making comparisons between the winter
and summer seasons. Saei-Dehkordi and Fallah
refer in their Persian Gulf studies conditions as
water temperature, fish dietary factors, and the
growth as determinants in the fluctuation of metal
concentrations. Researchers have found higher
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mercury, arsenic, cadmium, and lead levels in fish
during the winter in comparison to the summer;
these significant differences may be attributed
to the precipitation of waste caused by rain (58,
72). In other findings, Marrugo et al. reported
contradictions in higher Hg values during the
dry season; however, it is mainly associated to the
increase of contaminated sources (mining activities)
during this season (60).

Trace elements content varies depending on the
zone, environmental conditions, the contamination
level of the fishing area, and the characteristics of the
fish (size, endurance, and diet) constitute relevant
factors, being some fish more prone to accumulating
higher concentrations of these metals in the muscle.
Data taken from researches conducted in the Gulf of
Mexico, Iran, Brazil, Australia, China, India, Egypt,
western and central Pacific Ocean, Mediterranean
Sea and Taiwan, where Hg, Cd, Pb and As contents
in Caranx, Scomberomorus, Epinephelus, Euthynnus,
Lutjanus, Thunnus and Megalops fish genera were
determined, (Table 1), allows determining safe
consumption limits according to Hg, Cd, Pb and
As content in fish, using the method proposed by
Ikem and Egievor (89), when comparing these data
with allowed tolerable intake according to Codex
Alimentarius and JECFA international regulation
and using the fish consumption recommendation
used by FDA and U.S. EPA for 8-12 ounce weekly
consumption (23); for instance: If an average 70 Kg
adult is considered with an ingest of 360 g/wecek of
C. melampygus fish in Queensland (Australia) with
a mercury content of 0.804 ug Hg /g wet weight
(Table 1) which corresponds to a value of 4.134 ug
Hg/kg of body weight per week (0.804 ug Hg/g
wet weight x 360 g/70 kg), this consumption would
represent possible risks given it is above the 4 ug Hg/
kg ot body weight PTWI determined for humans by
CODEX and JECFA (63). Taking into account that
MeHg contribution to total mercury in fish generally
corresponds to between 80% and 100%, using the
same calculations for a 360 g/week consumption of
C. melampygus of the Queensland study, it would
represent a weekly ingest of 3.307 ug MeHg/kg of
body weight, exceeding the 1.6 ug/kg of body weight
PTWI for humans determined by CODEX and
JECFA (63, 64). Through this method it is possible
to estimate the risk of fish consumption according
to metal content in the Cd case data collected in the
US, Trinidad, Brazil, China, Iran, India, and Taiwan
for S. Commerson, E. Coioides, C. crysos, L. griseus,
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L. stellatus and M. cyprinoids species; none of them
represented a health risk because they did not exceed
the 25 ug Cd/ Kg of body weight PTMI determined
by CODEXand JECFA (63, 73). Currently, there are
no availed CODEX and JECFA criteria to determine
safe Pb and As ingests (63, 81, 87).

Usually in highly contaminated aquatic habitats
the concentrations of metals in the muscle of the
tish, particularly mercury, exceed the permissible
limits for human consumption and involve serious
health threats (46, 49), however some investigators
as Kehrig et al. Havelkovi et al. and Farkas et al.
have shown that metals concentration in fish muscle
can also be found in areas with low or absent sources
of pollution (90-92).

Levels of Hg, Cd, Pb and As in water bodies de-
termine significantly the content of these elements
in fish tissues (55, 93), therefore it’s not enough with
only know characteristics such as species, age and
size of the fish, but also take into account these met-
al releases from natural and anthropogenic sources
into marine ecosystems. Although exist reports of
the metals concentration in several oceans from the
world, more studies about their distribution in the
water bodies are required to understand the metals
behavior in marine currents, allow the development
of models for measuring the relationship between
emission sites and reception regions (94, 95).

The limitations of this review lie in the few in-
formation about the marine currents effects in the
distribution of trace elements across water bodies,
which makes it difficult assessing the relation- ship
between emission source and receptor region and
how this affect the distribution, accumulation and
concentration of metals in marine ecosystems, on
the other hand it is diftficult to conclude one specific
cause that determines the content of toxic metals
in fish species, since this is not only a single factor
but the whole of them . A future revision requires
more research that clearly concludes on the eco-
toxicology, cycles and speciation of some metals
and their effects on the human body, as well as
relations between water bodies and the distribution
of trace elements.

CONCLUSION

The Hg, Cd, Pb and As content in fish tissue are
determine by several aspects that includes both fish
characteristics and metal behavior in the marine
ecosystem, by which is important take in count
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cach of these, in any study of this field. Also in im-
portant note that metal content in fish represents a
public health risk in populations with frequent fish
consumption, due to the toxicity it may represent
to the different human body systems. Among these
metals, mercury outstands due to its high levels of
concentration in the muscular tissue in some fish
species and the capacity to form more toxic com-
pounds, as well as its high availability in aquatic
ecosystems due to constant industrial use, being,
particularly, gold mining in the South American
case. Some of the species studied in the present
paper are migratory fish, that is an important bio-
indicator of the increase contamination from the
research areas. Studies submitted in this review,
may be used as the base for future comparisons
with Hg, Cd, Pb and As concentration values in
different fish studies for the Caranx, Scomberomo-
rus, Epinephelus, Euthynnus, Lutjanus, Thunnus and
Megalops genera in order to be able to determine
consumption recommendations and warnings.
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