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Introduction

1. The Scientific Advisory Committee on Nutrition (SACN) last considered
maternal diet and nutrition in relation to offspring health in its reports on “The
influence of maternal, foetal and child nutrition on the development of chronic
disease in later life’ (SACN, 2011) and on ‘Feeding in the first year of life’
(SACN, 2018). In the latter report, the impact of breastfeeding on maternal

health was also considered.

2. In 2019, SACN agreed to conduct a risk assessment on nutrition and
maternal health focusing on maternal outcomes during pregnancy, childbirth
and up to 24 months after delivery; this would include the effects of chemical

contaminants and excess nutrients in the diet.

3. SACN agreed that, where appropriate, other expert Committees would
be consulted and asked to complete relevant risk assessments e.g., in the
area of food safety advice. This subject was initially discussed by COT during
the horizon scanning item at the January 2020 meeting with a scoping paper
being presented to the Committee in July 2020. This included background
information on a provisional list of chemicals proposed by SACN. It was noted
that the provisional list of chemicals was subject to change following

discussion by COT who would be guiding the toxicological risk assessment
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process: candidate chemicals or chemical classes can be added or removed
as the COT considered appropriate. The list was brought back to the COT
with additional information in September 2020. Following a discussion at the
COT meeting in September 2020, it was agreed that papers on a number of
components should be prioritised and to this end, papers on iodine, vitamin D
and dietary supplements have been or will be presented to the Committee.
The remaining list of compounds were to be triaged on the basis of toxicity

and exposure.

4. Following discussion of the first prioritisation paper on substances to be
considered for risk assessment by the COT, the Committee decided that each
of the heavy metals (lead, mercury, cadmium, and arsenic) should be

considered in separate papers. The following paper discusses the risks posed

to maternal health by mercury in the diet and the environment.

Background

5. Mercury (Hg) is a d-block element in the periodic table and is the only
metallic element known to be liquid at standard temperature and pressure. It
is also known as quicksilver and was formerly named hydrargyrum. ltis a
group 12 metal, with atomic number 80, a relative atomic mass of 200.592
and its most abundant isotope is 2°?Hg with atomic mass 201.970 (Laeter et
al, 2003). Mercury occurs naturally in the earth’s crust at an abundance of
0.0000085%, chiefly as mercury (ll) sulfide, also known as cinnabar,
cinnabarite or mercurblende (Haynes, Lide and Bruno, 2016). Mercury has
been used in thermometers, barometers, manometers, sphygmomanometers,
float valves, mercury switches, mercury relays, fluorescent lamps, and other
devices. However, the element’s toxicity has led to phasing out of such
mercury containing instruments. It remains in use for scientific research

purposes, fluorescent lighting and in amalgam for dental restoration.

6. The three chemical forms of mercury are (i) elemental or metallic
mercury (HgP), (ii) inorganic mercury (mercurous (Hg2?*) and mercuric (Hg?*)

cations) and (iii) organic mercury.
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7. Inorganic mercury compounds are salts of Hg* and Hg?*, which are
used in several industrial processes and can be found in batteries, fungicides,
antiseptics, or disinfectants (EFSA, 2008).

8. Organic mercury compounds have at least one carbon atom covalently
bound to the mercury atom (FAO/WHO, 2011). Methylmercury (MeHg) is by
far the most common form in the food chain (FAO/WHO, 2011). Other organic
mercury compounds like phenylmercury, thiomersal and merbromin (also
known as Mercurochrome) have been used as fungicides and in
pharmaceutical products (EFSA, 2008).

9. Mercury is a metal that is released into the environment from both
natural and anthropogenic sources. After release into the environment, it
undergoes complex transformations and cycles between atmosphere, land,
and aquatic systems. It ultimately settles in the sediment of lakes, rivers or
bays, where it is transformed into MeHg, absorbed by phytoplankton, ingested
by zooplankton and fish, and accumulates especially in long-lived predatory
species, such as sharks, and swordfish, and tuna in the ocean and trout, pike,
walleye, and bass in freshwater systems (WHO/IPCS, 1990). Populations that
predominately depend on foods derived from fish or other aquatic

environment are more vulnerable to Hg exposure.

10.  Food sources other than fish and seafood products may contain
mercury, but mostly in the form of inorganic mercury. Based on the available
data the contribution to MeHg exposure from non-seafood sources is
insignificant (EFSA, 2012).

11.  After oral intake in humans, MeHg is much more extensively and
rapidly absorbed than inorganic mercury (EFSA, 2012; FAO/WHO, 2011).
Following absorption, it is able to enter the hair follicle, and to cross the
placenta as well as the blood-brain and blood-cerebrospinal fluid barriers,
allowing accumulation in hair, the fetus and the brain, respectively (EFSA,
2012)
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12. The main adverse effect associated with MeHg exposure is toxicity to
the central and peripheral nervous systems (WHO, 2017). Due to its ability to
cross the placenta and the blood-brain barrier, MeHg exposure is of particular
concern during embryonic neurodevelopment and in young children (COT,
2004). Thus, pregnant and breastfeeding women are sensitive sub-
populations since maternal exposure can lead to exposure of the unborn child
either via the placenta or breast milk. The bio accumulative properties of
MeHg in combination with its long half-life, mean that the blood concentration
of MeHg at the time of becoming pregnant depends on the exposure to MeHg
during the preceding year. MeHg can also affect the kidneys. Acute neuro-
and nephrotoxicity have been reported in cases of human MeHg poisoning,
whereas neurotoxicity is usually associated with lower-level chronic

exposures, especially in the developing fetus (COT, 2004).

13.  The critical target for inorganic mercury toxicity is the kidney but other
targets include the liver, nervous system, immune system, reproductive and
developmental systems (EFSA, 2012). Inorganic mercury in food is
considerably less toxic than MeHg (EFSA, 2004). This is attributed to the
lower absorption of inorganic mercury and due to its low lipophilicity, mercuric
mercury does not readily cross the placental, the blood-brain or the blood-
cerebrospinal fluid barriers (EFSA, 2012). Mercuric mercury in the brain is
generally the result of either in situ demethylation of organic mercury species

or oxidation of elemental mercury (EFSA, 2012).

Previous evaluations

Joint Food and Agriculture Organisation of the United Nations (FAO)/
World Health Organisation (WHO) Expert Committee on Food Additives
(JECFA)



This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

14.  Mercury was previously evaluated by JECFA at its tenth, fourteenth,
sixteenth and twenty-second meetings (FAO/WHO, 1967; 1971; 1972; 1978).
At its sixteenth meeting (FAO/WHO, 1972), the Committee allocated a
provisional tolerable weekly intake (PTWI) of 0.3 mg of total mercury (5 pg/kg
body weight (bw)), of which no more than 0.2 mg (3.3 ug/kg bw) should be in
the form of MeHg. This value was based primarily on the relationship between
the intake of mercury from fish and mercury levels in blood and hair

associated with the onset of clinical disease.

15. At the sixteenth JECFA meeting the Committee noted that almost all
dietary exposure to MeHg is from fish and seafood and that MeHg is probably
by far the most toxic form of mercury in food; therefore, other forms of
mercury could be given less weight when establishing a tolerable intake for
mercury (FAO/WHO, 1972).

16. At the thirty-third JECFA meeting, the Committee noted that pregnant
women and nursing mothers may be at greater risk than the general
population from the adverse effects of MeHg but the available data were
insufficient to recommend a specific MeHg intake for this sub-population
(FAO/WHO, 1989).

17.  The original PTWI for MeHg (3.3 pug/kg bw) was revised at the sixty-first
JECFA meeting to protect the developing fetus from neurotoxic effects. This
change was based on findings from two major epidemiological studies of
foetal neurotoxicity, conducted in the Faroe Islands, and the Seychelles,
involving fish-eating populations (FAO/WHO, 2004). The average maternal
hair-mercury concentration from the two studies was estimated at the no
observed adverse effect level (NOAEL) and benchmark-dose lower
confidence limit (BMDL) for neurotoxicity associated with exposure to
methylmercury in utero. The average maternal hair-mercury concentration of
the two studies, 14 mg/kg, was utilised to estimate the concentration of MeHg
in maternal blood that reflects exposures that would have no appreciable

adverse effect on the offspring in these two study populations. Based on the
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average ratio of hair:blood MeHg concentration (250), the MeHg
concentration in maternal blood that would be expected to have no
appreciable adverse effects on the offspring was calculated to be 0.056 mg/I.
The blood MeHg concentration was used to calculate the average steady-
state dietary intake of 1.5 ug/kg bw per day, that would result in a maternal
blood-mercury concentration that would have no appreciable adverse effects
on offspring in these two study populations. The committee then applied a
combined uncertainty factor of 6.4 (2 x 3.2) to account for the total human
interindividual variation for converting maternal blood concentration to a
steady-state dietary intake. This derived the new PTWI of 1.6 mg/kg bw which
is considered sufficient to protect developing foetuses, the most sensitive

subgroup of the population.

18. In 2006, JECFA clarified that life stages other than the embryo and
fetus may be less sensitive to the adverse effects of MeHg (FAO/WHO,
2007). For adults, up to about twice the PTWI would not pose any risk of
neurotoxicity. However, available data did not allow firm conclusions to be
drawn for infant and children (aged up to about 17 years), as they may be
more sensitive than adults. Hence the tolerable intake established in 2003

applies also to infants and children.

19.  Atthe seventy-second JECFA meeting the total mercury PTWI (5 ug/kg
bw) was reviewed and withdrawn (FAO/WHO, 2011). The committee noted a
lack of quantitative data on MeHg in non-fish products and on inorganic
mercury in foods in general. The committee assumed that the predominant

form of mercury in foods other than fish and shellfish is inorganic mercury.

20. Arevised PTWI for inorganic mercury was established based on the
lowest BMDL 1o for relative kidney weight increase in male rats of 0.11 mg/kg
bw per day as mercury (Il) chloride. This corresponds to 0.06 mg/kg bw per
day as mercury, adjusted from a 5 day per week dosing schedule to an
average daily dose and for the percent contribution of inorganic mercury to

dose. After application of a 100-fold uncertainty factor, the Committee
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established a PTWI for inorganic mercury of 4 ug/kg bw. The new PTWI for
inorganic mercury was considered applicable to dietary exposure to total
mercury from foods other than fish and shellfish (FAO/WHO, 2011). The
upper limits of estimates of average dietary exposure to total mercury from
foods other than fish and shellfish for adults (1 pg/kg bw per week) and for
children (4 pg/kg bw per week) were at or below the PTWI (FAO/WHO, 2011).

Opinion of the EFSA Scientific Panel on Contaminants in the Food
Chain (CONTAM) on a request from the Commission related to mercury

and methylmercury in food, 2004.

21.  The Member States gathered data on levels of mercury in foods and
made limited estimates on dietary exposure as part of the Scientific Co-
Operation (SCOOP) task 3.2.11 (Decision 2001/773/EC5). The results
indicated that some consumers may exceed the JECFA PTWI (EFSA, 2004).

22.  The maximum levels set for total mercury in Commission Regulation
466/2001 were under review. A maximum level of 0.5 mg/kg applied to fishery
products, except for certain listed fish species for which 1 mg/kg was applied.
Data from some Member States indicated that elevated levels of mercury

could be found in other foods.

23. The data from the SCOOP report indicated that the average intake of
fish and seafood products in some countries may be close to or exceed the
JECFA MeHg PTWI of 1.6 pg/kg bw.

24. The EFSA CONTAM panel concluded ‘The data available in the
SCOORP report do not allow reliable estimations of the intakes by high
consumers in different populations. Because in some cases the estimated
intakes based on the SCOOP report are close to or exceed the PTWI, specific
intake studies, especially for women and children, should be performed on

methylmercury’.
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Scientific Opinion on the risk for public health related to the presence of

mercury and methylmercury in food. EFSA Panel on CONTAM, 2012

25. EFSA was asked by the European Commission to consider new
developments regarding inorganic mercury and MeHg toxicity and evaluate
whether the JECFA PTWI for MeHg of 1.6 pg/kg bw and of 4 ug/kg bw for

inorganic mercury were still appropriate.

26. Inline with JECFA, the CONTAM Panel established a tolerable weekly

intake (TWI) for inorganic mercury of 4 ug/kg bw, expressed as mercury.

27.  For MeHg, new developments in epidemiological studies from the
Seychelles Child Developmental Study (SCDS) Nutrition Cohort indicated that
n-3 long-chain polyunsaturated fatty acids (LCPUFAs) in fish may counteract
negative effects from MeHg exposure. The CONTAM panel concluded
“Together with the information that beneficial nutrients in fish may have
confounded previous adverse outcomes in child cohort studies from the Faroe
Islands, the Panel established a TWI for MeHg of 1.3 pg/kg bw, expressed as
mercury” (EFSA, 2012).

28. The 95th percentile dietary exposure was close to or above the TWI for
all age groups. High fish consumers, which might include pregnant women,
may exceed the TWI by up to approximately six-fold. The most vulnerable
group are unborn children. Biomonitoring data from blood and hair indicate

that MeHg exposure is generally below the TWI in Europe.

29. The CONTAM panel stated, “Dietary inorganic mercury exposure in
Europe does not exceed the TWI, but inhalation exposure of elemental
mercury from dental amalgam is likely to increase the internal inorganic

mercury exposure; thus, the TWI might be exceeded.”
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COT Statement on potential risks from methylmercury in the diet of

infants aged 0 to 12 months and children aged 1 to 5 years, 2018

30. The COT last evaluated the risks from methylmercury in the infant diet
in 2018 (COT, 2018). The conclusions of relevance to this current discussion

paper on the maternal diet were as follows:

o The general population is exposed to mercury and MeHg through food,
drinking water, soil and in trace amounts from the air. The diet, and

especially fish consumption, is the main source of exposure to MeHg.

« MeHg is readily absorbed following oral exposure. Following
absorption, it can accumulate in the hair and can cross the blood brain
barrier, the placenta and is excreted in breastmilk. Thus, it can reach
the developing fetus, where it tends to accumulate in the brain and can
also be transferred to infants via breastfeeding. It has a long half-life

and is eliminated less efficiently in newborns than in later life.

« The main adverse effect associated with exposure to MeHg is toxicity
to the developing nervous system. Exposure of the fetus to MeHg

depends on the maternal exposure up to a year prior to conception.

« The prenatal MeHg exposure in the high fish-consuming Faroese and
Seychelles study populations focused on by EFSA and JECFA are

much higher than in typical western populations.

« Exclusively breastfed infants are a vulnerable group to consider in the
case of MeHg exposure, as MeHg can be transferred to the newborn
via milk. The concentration in human milk will depend on maternal
exposure to MeHg. Data for MeHg in the literature suggest that the

concentrations in breast milk are generally low.
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o Forinfants of 0-6 months of age that are exclusively or non-exclusively
breastfed, or that are fed exclusively with infant formula, dietary

exposures to total mercury are below the TWI for MeHg.

o Fish is one of the most significant contributors to total dietary mercury
exposures both in the Infant Metals Survey and the Total Diet Survey
(TDS). Based on data from the TDS and a conservative assumption
that 100% of the mercury in fish will be MeHg, the TWI would be
marginally exceeded for the age groups of 12 to <15, 15to <18 and 18

to <24 months of age for the high-level consumers.

« The Committee agreed that when taking into consideration the
conservatism in the exposure assumptions, the risk to health from the
potential minor exceedance of the TWI in infants and children is low but
that it would be prudent to maintain existing advice regarding

consumption of large predator fish.

« The Government currently advises breastfeeding mothers should avoid
eating more than one portion of shark, swordfish or marlin per week
and that pregnant women, women trying to get pregnant, and children

should avoid eating these species.

o Other dietary factors, such as selenium, can reduce or even prevent

MeHg effects.

Hazard Identification

ADME

Inorganic mercury

Absorption

10
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31.  Inorganic mercury exists as mercurous (Hg2?*) or mercuric (Hg?*) salts
of anionic species of chlorine, sulphur, or oxygen. Of the inorganic forms of

Hg, the mercuric form is the most abundant in the environment.

32. Inorganic mercury has a low bioavailability via the oral route, with an
average absorption rate of 7% in human studies and a range of 1.4 — 15.6%

based on the amount of inorganic mercury consumed (Tokar et al, 2012).

33.  Studies conducted in mice and rats indicate that the predominant site
of absorption of Hg?* is the small intestine (ATSDR, 2022).

34.  There are several absorption mechanisms for Hg?* in the small
intestine, including active and passive processes. The formation of Thiol S-
conjugates of Hg?* produces molecules that can act as homologs of
endogenous molecules/polypeptides. Hence, possible routes of uptake
include interaction with plasma membrane amino acid, peptide, drug, and ion
transporters. A small amount of Hg?* may be transported via the divalent
metal transporter 1 following ligand exchange and, possibly, via zinc carriers
(Bridges and Zalups, 2010; 2018).

35. Inan in vitro study that compared absorption of a series of inorganic
mercuric compounds in rat everted intestinal sacs and intestinal brush border
membrane vesicles, absorption decreased with increasing stability constant of
the Hg?* complex (Endo et al. 1990). These observations suggest that ligand

interactions are important variables affecting absorption.
Distribution
36.  The distribution of absorbed Hg?* is strongly influenced by the high

affinity of Hg?* for the thiolate anion and formation of Hg?* S-conjugates (Carty
and Malone, 1979).

11
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37. In human blood mercuric mercury is divided between plasma and
erythrocytes, with more being present in plasma (EFSA, 2012). In plasma, the
main sulfhydryls that form S-conjugates with Hg?* are albumin (Ikegaya et al,
2010) and low molecular weight thiols like glutathione and cysteine (Lash and
Jones 1985).

38.  Within cells, Hg?* forms complexes with intracellular thiols, including
glutathione, cysteine, glycinyl-cysteine, metallothionein, and red blood cell
haemoglobin (ATSDR, 2022).

39. Due to its low lipophilicity, neither mercurous nor mercuric mercury
easily cross the placental or blood-brain barriers. Mercuric mercury
distribution in the body is specific to certain organs and cell types within them.
The kidney bears the greatest mercuric mercury burden, predominantly in the
proximal convoluted renal tubule (EFSA, 2012). The next largest deposition
occurs in the liver, with highest concentrations found in the periportal areas.
Additionally, the mucous membranes of the intestinal tract, the epithelium of
the skin, the interstitial cells of the testes as well as the choroid plexus in the

brain are likely to accumulate mercuric mercury (EFSA, 2012).

Metabolism

40. The metabolism of mercury species involves oxidation and reduction
processes along with conjugation to glutathione and appears to be similar
between humans and experimental animals. Mice studies have provided
some evidence that suggests a small amount of mercuric mercury can be
reduced to elemental mercury and eliminated as elemental mercury vapour. In
contrast, elemental mercury can be readily oxidised by hydrogen peroxide
and catalase to mercuric mercury. There is no evidence in the literature that

methylated mercury species are synthesised in human tissue (EFSA, 2012).

Excretion

12
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41.  Inorganic mercuric mercury is eliminated through faeces and urine. In a
clinical study involving five adults who received a single intravenous dose of
203Hg(NOs3)2 (0.6-2.8 ug Hg), faecal excretion measured over 70 days ranged
from 18% to 38% of the administered dose, while urinary excretion ranged
from 6% to 35% (Hall et al. 1995). Farris et al. (2008) reanalysed the Hall et
al. (1995) data and estimated that, on average, around 30% of the dose was
excreted via faeces and 25% via urine. Mercury is also excreted in human
sweat and saliva (ATSDR, 2022).

42. Rahola et al. (1972, 1973) measured mercury excretion in adult
subjects following ingestion of a single tracer dose of 2°2Hg(NQ3)2 (6 ug) in
drinking water or mixed with calf liver paste. Initially faeces were found to be
the dominant route of excretion of mercury; however, five days following
dosing, the rate of faecal excretion declined to be like the rate of urinary

excretion (0.05-0.15% of the administered dose per day).

43.  The half-life of absorbed mercuric mercury in the human body is
approximately 40 days (EFSA, 2012).

Organic mercury

Absorption

44.  Following ingestion of contaminated food and/or water, MeHg is
absorbed readily by the gastrointestinal tract and enters the systemic
circulation, where mercuric ions can be delivered to target organs (ATSDR,
2004). MeHg has a larger oral absorption fraction than inorganic mercuric
mercury, and greater accumulation in the brain and the kidneys (ATSDR,
2022).

45,  Studies conducted in humans and experimental animals have

demonstrated that gastrointestinal absorption of mercury is almost 100%

13
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following ingestion of MeHg as the chloride salt or when incorporated into fish
or other protein (ATSDR, 2022).

46. MeHg likely crosses cell membranes by passive diffusion. When MeHg
complexes with L-cysteine the new complex is thought to mimic L-methionine
and hence utilise its respective amino acid transporter to cross membranes.
MeHg L-cysteine and glutathione complexes may also be transported by

organic anion transporters (EFSA, 2012).

47. In human’s MeHg is recycled through the enterohepatic system and
nutritional factors seem to influence MeHg reabsorption rate (Chapman and
Chan, 2000). During the reabsorption of MeHg, intestinal microflora is able to

convert MeHg to mercuric mercury (EFSA, 2012).

Distribution

48. In contrast to mercuric mercury, in human blood >90 % MeHg
accumulates in the erythrocytes, where it is bound to the cysteinyl residues of
haemoglobin. In plasma, about 99 % MeHg is bound to albumin, which has a
free sulfhydryl group in a terminal cysteinyl residue. By ligand exchange
mechanisms, MeHg is transferred from plasma proteins to low molecular
weight thiols glutathione and cysteine (EFSA, 2012).

49. MeHg can cross the mammary gland to be excreted in milk and thus
children can be exposed during breastfeeding. In human milk, a mean of 26 -
63 % of total mercury has been found as MeHg, however the proportion can

rise with increased MeHg intake (Miklavcic et al, 2011).

50. MeHg is able to cross the hair follicle, the placenta and the blood-brain

barrier, allowing accumulation in hair, the fetus and the brain.

51.  Fetal distribution is similar to maternal distribution, although fetal brain

mercury concentration is approximately 5-7 times higher than that in maternal

14
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blood. Cord blood concentrations are also reported to be 25% higher than
maternal blood concentrations, estimated from maternal hair concentrations
(COT, 2004).

52. In humans, after absorption into the bloodstream, equilibrium between
the blood and the body is achieved within 30-72 hours, with approximately 5%
of the absorbed MeHg accumulating in the blood and 10% in the brain
(Kershaw et al, 1980; Clarkson, 2002). As MeHg can pass through all
membranes and barriers, its distribution across tissues is generally uniform,
and tissue concentrations usually remain consistent relative to blood levels
(EFSA, 2012).

Metabolism

53. Partial demethylation of MeHg occurs in mammals in the presence of
reactive oxygen species (ROS). Demethylation occurs predominantly in the
liver, intestinal tract, spleen, and to a lesser extent in phagocytic cells and the
brain (Suda and Hirayama, 1992). Mercuric mercury in the brain is generally
the result of either in situ dealkylation of organic mercury species, such as
MeHg, or oxidation of elemental mercury. Demethylation of MeHg by intestinal
bacteria also contributes to the excretion of inorganic mercuric mercury in
faeces (Li et al, 2019).

Excretion

54. MeHg has a half-life of approximately 70 - 80 days in the human body
and steady state is achieved within a year (COT, 2004). Approximately 90 %

is excreted by the faecal route as mercuric mercury (EFSA, 2012).
55.  MeHg elimination in humans mainly occurs via the biliary route after

conjugation with liver glutathione S-transferases (GSTs) and elimination via

the faecal route (Ballatori and Clarkson, 1985).

15
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56. Most of the mercury excreted in urine following absorption of MeHg is
inorganic mercury (Farris et al, 1993; Smith et al, 1994). Urinary excretion of
MeHg is limited by enterohepatic recycling by metabolism of the S-conjugate
of glutathione (CHsHg-S-CysGlyGlu) and reabsorptive transport of the S-
conjugate of cysteine (CH3sHg-S-Cys) (Tanaka et al, 1992; Tanaka-Kagawa et
al, 1993). MeHg is also partly converted to mercuric mercury via the intestinal
microflora which is less effectively absorbed; and thus, excreted via the
faeces (Li et al, 2019).

Toxicity

57.  The literature cited in this section are of publications found in PubMed
or LitFetch searches and references therein (search terms). Reviews by
regulatory/government agencies and academics have been summarised first

followed by toxicologic studies identified from reviews and literature searches.

Reviews of mercury toxicity

58. The United States Department of Health and Human Services, Agency
for Toxic Substances and Disease Registry (ATSDR) published a draft
toxicological profile for mercury in April 2022 and a complete profile in
October 2024 which characterize the toxicologic and adverse health effects
information for organic and inorganic mercury. Mercury compounds exhibit a
wide range of toxic effects, targeting common cellular functions. These
include disrupting intracellular calcium balance, the cytoskeleton,
mitochondrial function, oxidative stress, neurotransmitter release, and DNA
methylation. The array of toxic effects is due to the strong affinity of Hg?* and
CHsHg?* for the thiolate anion, which leads to the formation of Hg?* and
CHsHg?* S-conjugates. This allows mercury to bind to and interfere with the
structure and function of enzymes, transporters, and proteins that rely on
functional thiol groups (ATSDR, 2022; 2024).

16
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59.  For inorganic mercury, information on health effects is primarily from
oral studies in laboratory animals, with supporting data from acute poisoning
case reports in humans. The ATSDR (2022) identified no epidemiological
studies specific for exposure to inorganic mercury salts. The critical target
organ for inorganic mercury toxicity is the kidney. Other targets include the
liver, nervous system, immune system, reproductive system, and the

developing organism (EFSA, 2012).

60.  Organic mercury oral studies in humans and animals provide some
evidence of renal, cardiovascular, immune, reproductive, and developmental
effects but neurological and neurodevelopmental effects are established as

the most sensitive effects of oral organic mercury exposure (ATSDR, 2022).

61. Epidemiological studies have shown that prenatal exposure to MeHg is
linked to cognitive, neuromotor, and neurosensory impairments. In adults,
research indicates reduced performance in fine motor coordination, speed,
muscle strength, tactile sensation, colour vision, visual contrast sensitivity, as
well as memory and learning. In animals, neurological effects include
sensorimotor dysfunction, vision and hearing deficits, impaired learning, and
memory, along with clear signs of neurotoxicity such as clumsiness, motor
incoordination, lethargy, hindlimb crossing, tremors, ataxia, and partial
paralysis. Both developing humans and animals are more vulnerable to
MeHg-induced neurotoxic effects compared to adults (ATSDR, 2022).

62. In evaluations from both JEFCA and EFSA it was agreed that the most
sensitive endpoint is neurotoxicity and that life in utero is the critical period for
the occurrence of neurodevelopmental toxicity because of exposure to MeHg
(JECFA, 2004; EFSA, 2012). This makes pregnant women a susceptible
population. Because of the long half-life of MeHg and the fact that it takes a
year to achieve steady state, the blood concentration of MeHg at the time of
becoming pregnant depends on the exposure to MeHg during the preceding
year (COT, 2004).

17
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63. Developmental effects such as polydactyly, syndactyly, craniofacial
malformations, microcornea, undescended testicles, enlarged colon, and
coccyx protrusion were observed in the Minamata MeHg poisoning
population. Animal studies consistently show that exposure to MeHg leads to
dose- and duration-dependent decreases in offspring survival, increased
foetal malformations and variations (including cleft palate, skeletal
malformations, and hydronephrosis), and reduced foetal weight (ATSDR,
2022).

64. EFSA and the COT have both highlighted that there is evidence that a
number of dietary factors can reduce or prevent MeHg toxicity, including n-3
LCPUFASs, selenium, iodine, choline and vitamin E. Numerous in vitro and in
vivo studies are available, but only a brief summary is provided here. The
most extensively studied substance in food, regarding mechanisms of
confounding of studies of mercury, is selenium. Mercury binding affinity for
selenium is a million times higher than its binding affinity for sulfur in
analogous forms and attempts, unsuccessful to date, have been made to
identify detoxification products, which contain selenium and mercury (e.g.
mercury-selenide). Whether such compounds truly detoxify the mercury
species has never been demonstrated. Besides sequestration of mercury,
potential protective modes of action of selenium against MeHg toxicity include
antioxidant effects, increased glutathione peroxidase activity, glutathione
synthesis, high selenoprotein concentration and increased demethylation of
MeHg. Mechanistically, docosahexaenoic acid (DHA) seems to protect
against MeHg -induced oxidative stress in neuronal cells. Additionally, in
neuronal cell lines and primary cells pre-treatment with DHA was associated
with decreased cellular MeHg bioavailability (EFSA, 2012; COT, 2018).

65. Regarding carcinogenicity the International Agency for Research on
Cancer concluded that elemental mercury and inorganic mercury compounds
are not classifiable as to their carcinogenicity to humans (Group 3) and MeHg
compounds are possibly carcinogenic to humans (Group 2B) based on

inadequate evidence in humans for mercury and mercury compounds,
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inadequate evidence in experimental animals for elemental mercury, limited
evidence for carcinogenicity of mercuric chloride in experimental animals
(forestomach tumours in rats), and sufficient evidence for carcinogenicity of
methylmercuric chloride in experimental animals (kidney tumours in male
mice) (IARC, 1993). The Department of Health and Human Services has not
classified the potential for elemental mercury, inorganic mercury compounds,

or MeHg compounds to cause cancer in humans (NTP, 2016).

66. Abbot and Nigussie (2021) reviewed how mercury toxicity, particularly
MeHg, affects neurogenesis in the developing mammalian brain. Information
on in vitro and in vivo, models used to study the mechanisms of
developmental mercury toxicity and theories of pathogenesis were
summarised. The developing embryonic nervous system is well known to be
more susceptible to mercury toxicity compared to mature neurons.
Interruption of cell signalling, and disruption of cell proliferation appear to be
central to mercury toxicity rather than cell death. However, exposure to higher
concentrations of mercury does result in the death of neuronal precursor cells
as well as mature neurons, typically through the process of apoptosis.
Currently, the predominant theories of the pathogenesis of mercury toxicity in
neurogenesis fall into the following three categories: (1) disruption of cell
proliferation, gene expression, cell signalling pathways, protein
phosphorylation, and calcium ion homeostasis; (2) production of oxidative
stress; (3) altered cell migration. The authors concluded that future research
should aim to combine studies on molecular effects, such as gene expression
and signal transduction, with biochemical processes like calcium ion

homeostasis.

67. Balali-Mood et al. (2021) reviewed the available data on the toxic
mechanisms of five heavy metals including mercury, lead, chromium,
cadmium, and arsenic. The search, of 4 main databases was focused on
animal and human studies involving acute and chronic exposures to the five
metals and any related adverse health effects. For mercury four organ

toxicities were identified including: central nervous system injuries, renal
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dysfunction, gastrointestinal ulceration and hepatoxicity. The disrupted
macromolecules/mechanisms of action identified for Hg include thiol binding
(glutathione conjugation), enzymes inhibition, ROS production, aquaporins
mMRNA reduction, glutathione peroxidase inhibition and increased c-fos

expression.

68. Bridges and Zalups. (2010; 2018) summarised the current literature on
the mechanisms of transport of inorganic and organic forms of mercury in
various tissues and organs including the intestines, kidney, liver, brain,
erythrocytes, and placenta. They also propose additional mechanisms that
may potentially be involved in the transport of mercuric ions into target cells.
The authors concluded that the published studies identified provide strong
evidence that amino acid, anion, and drug transporters play a significant role
in the uptake and secretion of mercuric ions across various organs and
tissues. Most research to date has focused on the transport of Hg?* and
CHsHg" to their target organs, the kidney and brain. However, there is a lack
of knowledge on how mercuric ions are transported to other organs. There is
evidence that intestinal absorption of Hg?* and CHsHg* occurs although the
exact mechanism is not understood. Mechanisms for handling mercuric ions
across the canalicular membrane of hepatocytes have been identified;
however, mechanisms by which mercuric ions enter hepatocytes at the
sinusoidal membrane are uncertain. Several in vivo and in vitro studies have
provided evidence for the transport and accumulation of Hg?* in placentas and
fetuses; however, how Hg?* is transported across placental

syncytiotrophoblasts has not been well defined.

69. Wu et al. (2024) provide a comprehensive review of over 210 recent
works of literature summarising the types, structures, sources of mercury. It
also discusses the pharmacokinetic profile of mercury, mechanisms of action,
and clinical manifestation of acute and chronic toxicity in humans. The authors
concluded that mercury exposure primarily affects the central nervous system
and is linked to neurodegenerative disease, especially during foetal

development. Prolonged exposure to MeHg can impair motor coordination,
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cause visual and tactile dysfunction, and lead to paralysis. Pregnant women
exposed to mercury risk infertility, birth defects, and adverse effects on foetal
brain development. There is also evidence that mercury may induce
genotoxic, immunotoxic and cardiotoxic effects and pulmonary and renal

diseases.

Reproductive toxicology
Blood pressure

Inorganic mercury

70.  Studies in laboratory animals have evaluated effects of inorganic
mercuric mercury on cardiovascular function following intermediate duration
oral exposure. Results indicate that exposure to mercuric chloride alters some
cardiovascular functions, including systolic and diastolic blood pressure,
ventricular pressure, baroreflex sensitivity, and cardiac inotropism (ATSDR,
2022). The ATSDR (2022) identified no epidemiological studies on

cardiovascular effects of exposure to inorganic mercury salts.

71. Inrats exposed to mercuric chloride systolic and diastolic blood
pressures were elevated at doses of 24 mg Hg/kg/day for 180 days or 6 mg
Hg/kg/day for 350 days, and systolic blood pressure was also increased in
rats exposed to 0.66 or 1.3 mg Hg/kg/day for 365 days; though no change
was observed at 3.3 mg Hg/kg/day for 365 days, potentially due to poor
general health at this dose (Carmignani and Boscolo, 1984; Carmignani et al,
1992; Perry and Erlanger, 1974). Aortic blood pressure similarly rose in rats
exposed to 26 mg Hg/kg/day for 350 days (Boscolo et al, 1989; Carmignani et
al, 1989).

72.  In dietary studies, normotensive Wistar rats showed no changes in
systolic blood pressure when exposed to up to 2.2 mg Hg/kg/day of mercuric

chloride for 21 weeks (Takahashi et al., 2000a). Conversely, spontaneously
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hypertensive Wistar rats experienced a 6—10% increase in systolic blood
pressure after exposure to doses of 20.1 mg Hg/kg/day for 4 or 5 weeks.
However, no significant effects were observed at doses up to 3 mg Hg/kg/day
for 612 weeks (Takahashi et al., 2000b).

73.  Exposure to mercuric chloride in rats has been linked to changes in
cardiac function, including increased left ventricular end diastolic pressure,
positive inotropic effects, and altered baroreceptor reflex sensitivity. These
effects were observed at daily doses ranging from 0.012 to 24 mg Hg/kg/day
over periods of 1 month to 350 days (Boscolo et al., 1989; Carmignani et al.,
1989, 1992; Jindal et al., 2011).

74.  Decreased baroreceptor reflex sensitivity was noted in Wistar and
Sprague-Dawley rats after exposure to mercuric chloride in drinking water,
with a 227% reduction in the change in aortic blood pressure at doses =6 mg
Hg/kg/day following administration of vasoactive drugs (e.g., norepinephrine,
phenylephrine) (Boscolo et al., 1989; Carmignani and Boscolo, 1984;
Carmignani et al., 1989). However, no exposure-related changes were
observed in electrocardiogram parameters, stroke volume, cardiac output, left
ventricular wall thickness, or carotid artery diameter or thickness in rats
exposed to mercuric chloride in drinking water at doses up to 5.91 mg
Hg/kg/day for 4 weeks (Wildemann et al., 2015a, 2015b, 2016).

75.  No exposure-related changes in heart histology were observed in
random-bred domestic adult cats following oral exposure to methylmercuric
chloride at doses of up to 0.176 mg Hg/kg/day for 16 weeks, 0.074 mg
Hg/kg/day for 55 weeks, or 0.046 mg Hg/kg/day for 2 years (Charbonneau et
al., 1976). The control group used 10 cats, and the treatment groups used 8

cats with equal numbers of male and female.

Organic mercury
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76. There is evidence in experimental animals that the cardiovascular
system might be adversely affected by organic mercury. Grotto et al, (2009)
reported statistically significant increases in systolic blood pressure in adult
male rats given methylmercuric chloride by oral gavage for 100 days at 0.1
mg/kg bw per day, equivalent to 0.08 mg/kg bw per day expressed as

mercury.

77.  Studies of the Faroe Island population evaluated blood pressure in
children at ages 7 and 14 (Grandjean et al., 2004; Sgrensen et al., 1999). In
7-year-olds, a positive association was found between cord blood mercury
(BHg) and maternal hair mercury (HHg) with systolic blood pressure, and
between cord BHg and diastolic blood pressure. Specifically, an increase in
cord BHg from 1 to 10 pg/L was associated with increases of 13.9 mmHg in
systolic blood pressure and 14.6 mmHg in diastolic blood pressure (Sgrensen
et al., 1999).

78.  In the follow-up study assessing blood pressure at age 14, no
association was found between BHg, maternal HHg (at parturition), or child
HHg (Grandjean et al., 2004). Similarly, in a study of children in the
Seychelles Islands, no link was observed between prenatal exposure and
systolic or diastolic blood pressure in girls at ages 12 and 15, or in boys at
age 12 (Thurston et al., 2007). However, a positive association was noted
between maternal HHg and diastolic blood pressure in boys at age 15.
Additionally, a study of Nunavik Inuit children at age 11 found no association
between cord BHg and blood pressure, even after adjusting for exposure to
lead and polychlorinated biphenyls (PCBs) (Valera et al., 2012).

79. Chan et al, (2021) found that prenatal MeHg exposure was associated
with decreased heart rate variability (HRV), reflecting reduced
parasympathetic activity, and a sympathovagal balance shift toward
sympathetic predominance in children aged 7-8 years. Adjustments for recent

fish consumption increased the significance of the adverse associations.
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80. Zareba et al. (2019) evaluated prenatal MeHg exposure in relation to
HRV parameters in a large cohort of 19-year-old adults from the main cohort
of the Seychelles Child Development Study. After adjustments for activity
levels, polyunsaturated fatty acids, and multiplicity no statistically significant
trends were found. The authors concluded, prenatal and recent MeHg
exposure had no consistent pattern of association in this high fish consumer
study population.

Pregnancy outcomes

Inorganic mercury

81.  Reproductive animal studies consistently reported dose-related
impairments in fertility in male and female rodents following oral exposure. No
epidemiological studies evaluating associations between exposure to
inorganic mercury salts and reproductive effects have been identified
(ATSDR, 2022).

82.  Generational studies in rats and mice have shown that reproductive
capacity decreases in a dose- and duration-dependent manner following oral
exposure to mercuric chloride. In a 2-generation study with rats, both males
and females exhibited dose-related reductions in fertility index, live birth index,
implantation efficiency, and the number of live pups per litter in the FO
generation at all tested doses (20.37 mg Hg/kg/day in males; 20.55 mg
Hg/kg/day in females). Pre-cohabitation, males were dosed for 60 days and
females for 16 days (one complete cycle of spermatogenesis and oogenesis).
Both sexes were dosed for 21 days during cohabitation. Males were
euthanised and necropsied after cohabitation and females were dosed for a
further 42 days throughout gestation and lactation periods then euthanised
and necropsied. However, no significant impairments were observed in the F1
generation at doses up to 1.31 mg Hg/kg/day in males and 1.98 mg Hg/kg/day

in females (Atkinson et al., 2001).
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83. Ina 1-generation study with mice, premating exposure to mercuric
chloride for 40 days in males and 16 days in females led to a reduced fertility
index at doses 20.18 mg Hg/kg/day. Additionally, a decreased live birth index
was observed at a dose of 0.74 mg Hg/kg/day (Khan et al., 2004).

84. Infemale rats, exposure to 1.5 mg Hg/kg/day before mating resulted in
a reduced number of implantations and increased resorptions (Heath et al.,
2012). In mice, exposure to 0.4 mg Hg/kg/day from before mating through
lactation led to fewer live pups per litter (Huang et al., 2011). No signs of
impaired fertility were observed in male or female rats exposed to doses of
<0.7 mg Hg/kg/day when mated with untreated animals (Heath et al., 2012;
Szasz et al., 2002).

85.  Studies have not observed histopathological lesions in the female
reproductive organs of rats and mice exposed to mercuric chloride via
gavage. No lesions were reported at acute-duration doses up to 9.24 mg
Hg/kg/day in rats (Lecavalier et al, 1994), intermediate-duration doses up to 4
mg Hg/kg/day in rats or 15 mg Hg/kg/day in mice (Khan et al. 2004; NTP
1993), or chronic-duration doses up to 4 mg Hg/kg/day in rats or 7.4 mg
Hg/kg/day in mice (NTP 1993).

86. In a 2-generation study, no changes in ovary or uterus weight were
noted in FO or F1 rats given gavage doses up to 1.98 mg Hg/kg/day for 79
days during premating, cohabitation, gestation, and lactation (Atkinson et al.,
2001). Similarly, no changes in ovary weight were observed in mice exposed
to gavage doses up to 0.74 mg Hg/kg/day for 79 days during premating,
gestation, and lactation (Khan et al., 2004).

87.  Data on female reproductive hormones are limited to a 60-day gavage
study, which found an 18% reduction in serum progesterone and a 19%
increase in pituitary luteinizing hormone levels at a dose of 1.5 mg Hg/kg/day,

compared to the control group. These hormone levels were not affected at a
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dose of 0.7 mg Hg/kg/day, and pituitary follicle stimulating hormone levels

remained unchanged at doses up to 1.5 mg Hg/kg/day (Heath et al., 2009).

88. In alow-dose two-generation study on lead, cadmium and mercury
(Lukacinova et al, 2011, 2012), Wistar rats were given 1 uM mercuric chloride
in their drinking water, starting with the parental generation from 52 days of
age and continuing through the F1 and F2 generations, terminating at the
156th week in each generation. The control group was given pure drinking
water. Ten males and females per group were used to breed each generation
and all animals were allowed to breed repeatedly between 13 and 78 weeks
of age. The concentration of mercuric chloride in the drinking water
corresponds to 270 pg/L. At 78 weeks of age, there were statistically
significant reductions in body weight of 26 %, 27 % and 40 % in parental, F1
and F2 mercuric chloride-treated generations compared with controls.
Exposure to mercuric chloride was reported to cause a statistically significant
reduction in percentage survival to three years of age (controls 90 - 100 %
versus treated 30 - 35 %), and consequently in lifespan, in all three
generations. In those exposed to mercuric chloride, the number of litters from
the parental generation was higher than in controls, comparable to controls in
the F1 and statistically significantly lower than controls in the F2. The number
of pups per litter at birth was reduced in the F2 generation in those exposed to
mercuric chloride compared with controls. The proportion of weanlings
surviving from birth was also lower in the breeding’s from all three generations
of those exposed to mercuric chloride (56 - 64 % compared with 90 - 91 % in
controls). Serum total protein, albumin, transferrin, and ferritin levels,
considered to be biomarkers for exposure to heavy metals, were statistically

significantly increased following mercuric chloride treatment.

Organic mercury

89. Reproductive animal studies consistently reported dose-related
impairments in fertility in male rats and female monkeys following oral

exposure. Evidence for exposure-related impairments in female rodent fertility
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following oral exposure is inconsistent. Available oral data suggest that
organic mercury can impair male and female fertility in monkeys and male
fertility in rats. Data in male mice are too limited to draw conclusions.
Available data in rodents do not provide consistent evidence of impaired
female rodent fertility following oral exposure to organic mercury (ATSDR,
2022).

90. Chemelo et al. (2022) investigated the effects of MeHg exposure
during gestation and lactation on the developing alveolar bone of offspring
rats after maternal exposure. Eight pregnant Wistar rats were divided equally
and randomly into a control group which received vehicle only and a MeHg
group which received 40 ug/kg/day. MeHg was administered during the
gestational (21 days) and lactation (21 days) periods only for the parent
generation. After the MeHg administration period the offspring were separated
from the dams and divided by gender. Each dam had an average proportion
of 2 males to one female per litter resulting in around 5 males per group. At 41
days old between adolescence and early adulthood the rats were euthanised
and their mandibles were collected. Exposure to MeHg was found to change
the mineral composition and cause histological damage, leading to a
decrease in the quantity and thickness of bone trabeculae, as well as a
reduction in osteocyte density and collagen fibre content. Observations
included a decrease in trabecular thickness and bone volume, along with an
increase in trabecular spaces, which were linked to anatomical compromise of
the vertical bone dimensions. These findings suggest that developing alveolar

bone is vulnerable to MeHg toxicity during intrauterine and lactation periods.

91.  Vigeh et al. (2018) assessed the relationship between prenatal mercury
exposure and newborn anthropometric characteristics in 334 mother-child
pairs from the early stages of pregnancy to delivery in Tokyo, Japan, between
December 2010 and October 2012. A negative correlation was found between
BHg levels during the first and second trimesters of gestation and birth weight
(r=-0.134 and -0.119, respectively; p < 0.05). Multiple linear regression

analysis confirmed the relationship between first-trimester maternal BHg
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levels and birth weight when adjusted for independent variables (B = -0.170, t
= -2.762; p = 0.006). Mean mercury levels in umbilical cord blood were twice
as high as maternal blood levels (10.15 £ 7.74 and 4.97 + 3.25 ugl/L,
respectively; r = 0.974, p < 0.001). The authors findings suggest that pregnant
women and women of reproductive age should avoid mercury exposure, even
at low levels, because of its potentially adverse effects on foetal

development.

92. Thomas et al. (2015) measured lead, mercury, cadmium, and arsenic
levels in blood samples from the first and third trimesters in 1835 pregnant
women from across Canada. Relative risks and 95% confidence intervals
were estimated using log binomial multivariate regression. Important
covariates including maternal age, parity, pre-pregnancy body mass index
(BMI), and smoking, were considered in the analysis. Analysis was performed
to examine potential effect modification of these relationships by single
nucleotide polymorphisms in GST Pi 1 (GSTP1) and GST Omega 1 (GSTO1)
genes. No association was found between blood lead, cadmium or arsenic
and risk for small-for-gestational age (SGA). An increased risk for SGA was
observed for the highest compared to the lowest tertile of exposure for
mercury (41.6 mg/L, RR741.56.; 95% Cl1741.04—2.58) and arsenobetaine
(42.25 mg/L, RR"41.65; 95% ClV21.10-2.47) after adjustment for the effects of
parity and smoking. The authors concluded these results suggest there is a
small increase in risk for SGA in infants born to women exposed to mercury

and arsenic.

93. Lee etal. (2010) assessed the total Hg concentration in maternal and
cord blood from 417 Korean women and newborns in the Mothers and
Children’s Environmental Health study from 2006 to 2008. Information on birth
weight was collected from the patients’ medical records. The genotyping of
glutathione S-transferase M1 (GSTM1) and glutathione S-transferase T1
(GSTT1) polymorphisms was carried out to determine the association
between the BHg concentration and birth weight in mothers with GSTM1 and
GSTT1 polymorphisms. The geometric mean levels of Hg in the maternal

28



This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

blood during late pregnancy and in cord blood were 3.30 ug/L and 5.53 ug/L,

respectively. For mothers with the GSTT1 null genotype, elevated Hg levels in
maternal blood during late pregnancy were associated with an increased risk

of lower birth weight. The authors concluded in mothers with both GSTM1 and
GSTT1 null genotype, both maternal and cord BHg levels were associated

with lower birth weight.

94.  Al-Saleh. (2014) conducted a cross-sectional study to assess the
association between exposure to heavy metals (lead, cadmium, and mercury)
during pregnancy and birth outcomes in 1578 women aged 16-50 years who
delivered in Al-Kharj hospital, Saudi Arabia, in 2005 and 2006. The levels of
lead, cadmium and mercury were measured in umbilical cord blood, maternal
blood, and the placenta. Outcome variables were anthropometric measures
taken at birth, along with risk of SGA. The 10th percentile was selected as the
cutoff for dichotomizing measures of birth outcome. Mercury in both umbilical
cord and maternal blood was marginally associated with placental thickness
and placental weight, respectively. Conversely, placental mercury levels
significantly influenced head circumference (p = 0.017), the Apgar 5-minute
score (p = 0.01) and cord length (p = 0.026). The predictions of these models
were further assessed with the area under the curve of the receiver operating
curves, which were modest (larger than 0.5 and smaller than 0.7). The
independence of gestational age or preterm births on the observed effect of
metals on some measures of birth outcome, suggested detrimental effects of

exposure on foetal development.

95. Guo et al. (2013) determined the levels of prenatal Hg exposure in
Wujiang City, located in the southeast of Taihu Lake in China’s Jiangsu
Province, and analysed the relationship between prenatal exposure to Hg and
neonatal anthropometry, including birth weight, body length, and head
circumference. From June 2009 to July 2010, a total of 213 mother-infant
pairs were enrolled. The geometric means of Hg levels in maternal hair, foetal
hair, placentas, and cord blood were 496.76 mg/kg, 233.94 mg/kg, 3.58
mg/kg, and 1.54 mg/L, respectively. The authors concluded the Hg levels
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detected in their study were significantly lower than those reported by
previous studies. In addition, no significant correlations were found between
Hg levels in maternal hair, foetal hair, placenta, or cord blood and neonatal

anthropometrics.

96. Kim et al. (2018) evaluated prenatal mercury exposure, fish intake and
neurocognitive development during first three years of life in participants
enrolled in the Mothers and Children's Environmental Health (MOCEH) study.
The pregnant women enrolled were all older than 18 years, living in Seoul,
Cheonan, or Ulsan (South Korea) and were in early pregnancy (before the
20" week). In the study 1751 mothers of singletons were enrolled. The
maternal BHg levels were assessed during pregnancy and in cord blood.
Maternal fish intake was assessed by weekly interview during pregnancy and
fatty acid intake was estimated based on 24-hour recall food intake interview.
The mental (MDI) and psychomotor (PDI) development index scores were
assessed using the Bayley Scales of Infant Development Il (BSID-II) at 6, 12,
24, 36 months of age. The authors found that after adjustments for weekly fish
intake and fatty acid intake the BHg concentrations during early pregnancy
showed adverse associations with the MDI and PDI at 6 months. The authors
concluded these results suggest consuming fish high in fatty acids and low in

Hg during early pregnancy may be important to neurodevelopment in infants.

97. Barbone et al. (2019) evaluated prenatal mercury exposure and child
neurodevelopmental outcomes at 18 months in a Mediterranean (ltaly,
Slovenia, Croatia, and Greece) cohort. The study includes 1308 mother-child
pairs enrolled in the Public Health Impact of long-term, low-level, Mixed
Element exposure in a susceptible population EU Sixth Framework
Programme (PHIME). Total Hg (THQ) levels were measured in maternal hair
and venous blood, cord blood and breast milk samples. Demographic,
socioeconomic, lifestyle and diet information were collected through
questionnaires. At 18 months of age children underwent neurodevelopment
testing using the BSID, third edition. The authors concluded the study found
an inverse relation between THg levels and developmental motor scores at 18
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months, although the evidence was weak and inconsistent. There was no
evidence for adverse effects of THg on cognitive and language outcomes in

this cohort study.

98. A prospective UK birth cohort called the Avon Longitudinal Study of
Parents and Children (ALSPAC) based in Bristol was established to explore
genetic and environmental factors impacting health and development. Only
women with expected delivery dates between April 1991 and December 1992
who were resident in the former county of Avon were recruited. As of 2023
there are 14,833 unique mothers enrolled in ALSPAC, with 15,447 associated
pregnancies enrolled (Major-Smith et al, 2023).

99. Golding et al. (2022) analysed the ALSPAC cohort to investigate any
association between prenatal mercury exposure and child outcomes. The
authors aimed to contrast the ALSPAC cohort with longitudinal studies in the
Seychelles where fish consumption is higher, and studies have not
demonstrated harmful cognitive effects in children with increasing maternal
mercury levels. Prenatal mercury exposure had been measured in maternal
whole blood and umbilical cord tissue, and the offspring were followed up at
frequent intervals. An assessment was made of foetal growth during
pregnancy regarding maternal Hg levels by analysing birthweight, birth head
circumference and crown-heel length (Taylor et al, 2016). Analyses, adjusted
for maternal age, education, parity, height, BMI, smoking and alcohol
consumption during pregnancy, as well as the gestational age and sex of the
offspring. The unadjusted results show positive associations between Hg and
all three birth measurements. However, on adjustment for whether or not the
mother ate fish, it was found that if the mother ate fish there was no
association between Hg and birthweight, whereas if she did not eat fish, there
was a negative association. The difference between the adjusted birthweights
of the offspring of the fish and non-fish eaters was statistically significant.
Estimates of foetal mercury exposures were also compared with a variety of
cognitive outcomes measured during the child’s development. No

associations were found between the MacArthur Communication
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Development Inventory and either the cord tissue Hg level or fish
consumption, but for the Griffiths test there were positive associations with
maternal fish consumption. Preschool children were also assessed by their
mothers using the Denver Developmental Screening Test (DDST) on four
occasions between 6 and 42 months; for each age four subtests were carried
out. The results suggested improved development with increasing Hg at two
of the four ages however, of the 20 tests of interaction between maternal BHg
level, fish intake and DDST, only one was significant (i.e., no more than
expected by chance). There were no indications of adverse associations of
cognition with maternal Hg level, as measured by the Weschler Intelligence
Scale for Children, which had been administered to the 8-year-old children.
There were significant interactions with maternal blood levels such that the
prenatal Hg level of the mother was positively associated with the 1Q level of
her offspring if the mother had eaten fish in pregnancy, but not if she had not.
This interaction was true of five cognitive outcomes: full 1Q, performance 1Q,
mathematical comprehension, science comprehension and social cognition. If
the mother had eaten fish during the pregnancy, (although adjustments had
been made for a variety of different socioeconomic and biological factors),
there were beneficial associations between prenatal levels of Hg and a
number of outcomes, in contrast with the associations when the mother did

not eat fish.

100. Golding et al. (2022) contains a table that lists ten other ALSPAC
studies prior to this publication that concern prenatal mercury exposure and
outcome to the child after birth including measurements of cognition and
behaviour. All these studies reported either no significant associations or a

positive association between prenatal mercury exposure and child outcomes.

101. Dack et al. (2023) studied 544 mother-child pairs from the ALSPAC
cohort to assess the relationship between prenatal mercury exposure and
infant weight trajectories. BHg was measured in early pregnancy and infant
weight at 10 intervals between 4 and 61 months. Mixed-effect models were

used to estimate the change in infant weight associated with prenatal mercury
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exposure. The estimated difference in monthly weight gain was —0.02 kg per 1
standard deviation increase in Hg (95% confidence intervals: —0.10 to 0.06
kg). When restricted to the 10th decile of Hg, the association with weight at
each age level was consistently negative but with wide confidence intervals.
The lack of evidence for an association may indicate that at Hg levels in this
cohort (median 1.9 ug/L) there is minimal biological impact, and the effect is

too small to be either clinically relevant or detectable.

Effects on maternal health

102. Wang et al. (2022) conducted a case-control study with 84 participants
in China. Logistic models were used to estimate odds ratios for preeclampsia
(PE) risk and birth outcomes according to maternal blood Hg levels. Elevated
BHg levels were found and associated with increased risks of mild PE (aOR,
7.03; 95% CI, 1.61, 30.62; P < 0.01) and severe PE (aOR, 47.55; 95% ClI,
5.27, 429.05; P < 0.05). Increased blood Hg levels were also associated with
low birth weight (aOR, 1.12; 95% CI, 1.00, 1.25; P < 0.05) and preterm birth
(aOR, 1.22; 95% ClI, 1.08, 1.38; P < 0.05).

103. McClam et al. (2023) investigated associations between blood
concentrations of Pb, Cd, Hg, and their mixture and infertility and long-term
amenorrhea in women aged 20-49 years using the US National Health and
Nutrition Examination Survey (NHANES) 2013-2018 cross-sectional survey. A
total of 1,990 women were included for the analysis of infertility and 1,919
women for long-term amenorrhea. The blood concentrations of Pb and heavy
metal mixtures were significantly higher in ever-infertile women than pregnant
women, but the concentrations of Cd and Hg were comparable. After full
adjustment, multiple logistic regression analyses revealed a significant and
dose-dependent positive association between blood Pb concentrations and
women's historical infertility, a negative association between Cd and women's
long-term amenorrhea, and no associations between Hg and heavy metal

mixture and women's infertility or long-term amenorrhea.
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104. Zhang et al. (2023) measured whole blood metal(loid)s in women at
preconception, 16, 24 and 32 weeks of gestation and in cord blood in 100
mother-newborn pairs. the Mean concentrations of Hg, Pb, Rb, Mn, and Fe
were lower during early-, mid-, and late-pregnancy than at preconception.
Concentrations at preconception were correlated with those during pregnancy
for all examined metal(loid)s. Maternal Hg, Pb, and Se concentrations at late
pregnancy were correlated with those in newborn cord blood in various
degrees (correlation coefficients: Hg 0.66, Pb 0.29, Se 0.39). The estimated
placental transfer ratio for toxic metal(loid)s ranging from 1.68 (Hg) to 0.18
(Cd). The authors concluded a high degree of transplacental passage was
observed in toxic metals Pb and Hg which may pose hazards to the

developing fetus.

105. Wang et al. (2019) studied 1442 mother-child pairs recruited at birth
and followed up to age 15 years from the Boston Birth Cohort in the United
States. Maternal blood Hg levels were found to positively associate with child
overweight or obesity (OWO) from age 2-15 years, independent of maternal
pre-pregnancy OWO, diabetes, and other covariates. The relative risk (RR =
1.24, 95% CI 1.05-1.47) of child OWO associated with the highest quartile of
Hg exposure was 24% higher than those with the lowest quartile. Maternal
pre-pregnancy OWO and/or diabetes additively enhanced Hg toxicity. The
highest risk of child OWO was found among children of OWO and diabetic
mothers in the top Hg quartile (RR = 2.06; 95% CI 1.56-2.71) compared to

their counterparts.

106. Yu et al. (2019) chose from a prospective birth cohort of 3201 women
in Shanxi Province, China to study associations between spontaneous
preterm birth (SPB) and As, Cd, Cr, Hg, and Pb maternal serum
concentrations. The study found no significant associations of the serum

concentrations of the five concerned toxic metals with the SPB likelihood.

107. Sakamoto et al. (2018) compared maternal and cord blood

concentrations of biochemical substances, total Hg and Se, vitamin E, DHA,
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and other elements, fatty acids, and amino acids in 54 Japanese mother—
newborn pairs to elucidate the foetal risk of MeHg toxicity. Cord blood had
higher haematocrit and amino acid values and lower concentrations of lipid
components, including fatty acids compared with maternal blood. THg levels
in cord blood (7.26 ng/g) were 1.9 times higher than levels in maternal blood
(3.79 ng/g). Se concentrations in cord blood (176 ng/g) were slightly higher
than concentrations in maternal blood (156 ng/g). Levels of vitamin E (0.31
mg/dL) and DHA (58.8 ug/mL) in cord blood were much lower than levels in
maternal blood (1.38 mg/dL and 147 pg/mL, respectively). Therefore, the
ratios of Se/THg, vitamin E/THg, and DHA/THg in cord blood were lower than
ratios in maternal blood. As Se, vitamin E and DHA are thought to be
protective factors against MeHg the lower ratios of these against THg in cord

blood suggests that foetuses are at higher risk of MeHg toxicity.

108. Molina-Mesa et al. (2022) investigated deposits of four heavy metals
(Pb, As, Cd, and Hg) in the placentas of women who gave birth at term in their
setting. 103 placentas were studied, obtained by consecutive sampling, of
women that delivered in the Regional Maternity Hospital of Malaga between
March and June 2021. Detectable concentrations of mercury were found in
100% of placental samples (mean 38.1 ng/g, SD: 30.4) compared to 14.56%,
44.6% and 81.5% of samples for As, Cd, and Pb, respectively. The mean
placental Hg concentration, 38.1 ng/g, is high compared to mean and median
values from populations that consume less fish reported at 1.4 ng/g (lowa
United States, n = 38), 4.99 ng/g (Six rural counties of Northern China, n =
140), 10 ng/g (Upper Silesia Region in Poland, n = 40) (Pitkin et al., 1976;
Tong et al., 2020; Kozikowska et al., 2013).

109. Bocca et al. (2019) assessed the concentrations of selected toxic (As,
Cd, Cr, Hg, Ni, Pb) and essential trace elements (Co, Cu, Mn, Se and Zn) in
blood and urine samples of delivering women at different periods of gestation
and in cord blood, as well as to evaluate the placental permeability for these
elements. A total of 53 women participating in the HEALS-EXHES (Health and

Environment-wide Associations based on Large population Surveys -
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European Exposure and Health Examination Survey) study were enrolled
(conducted in Spain). Specifically, 48 blood samples from 1st trimester of
pregnancy, 40 blood samples at delivery, and 31 cord blood at delivery were
collected. Mothers’ urines were sampled at the 1st (53 samples), 2nd (53
samples) and 3rd trimester (49 samples) of pregnancy. Results showed that
Hg and Mn levels in cord blood were about 2.0 times higher than in maternal
blood, suggesting that these elements may be transferred from mother to
fetus. Correlation between paired maternal and cord blood samples for As, Hg
and Pb was statistically significant indicating that the foetal body burden may
reflect the maternal exposure. Maternal urinary concentrations of trace
elements, including As, Cr, Cu, Hg, Se, and Zn decreased along pregnancy,
which may cause variations in foetal exposure. The authors concluded “the
levels of toxic and essential elements in maternal blood and urine, as well as
in cord blood, were for most elements at the lower end of the ranges found in
the scientific literature not being of special concern for pregnant women and

the unborn”.

Biomarkers of mercury exposure

110. Basu et al. (2018) undertook a review of mercury biomarkers in human
populations worldwide between 2000 and 2018. The most used biomarkers
are the concentrations of mercury in hair, urine, blood, cord blood, toenails
and fingernails and their selection can depend on factors such as the potential

source of exposure, chemical form, and exposure life stage.

111. Analysis of hair is commonly used to assess exposure to MeHg, which
accounts for 80—-90% of the total mercury content within this matrix (Clarkson
and Magos 2006; UNEP/WHO 2008; NRC 2000). Once incorporated, the
mercury remains in the hair, and this biomarker can therefore provide an
integrated measurement of internal exposure to MeHg. Because hair grows at
approximately 1 cm per month, measuring total mercury in 1-cm segments of
mothers’ hair can be used to assess the monthly maternal MeHg exposure

throughout pregnancy (e.g., Sakamoto et al, 2012).
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112. MeHg in hair is quite stable over time, indicating that demethylation
within the hair is minimal (al-Shahristani and Shihab, 1974; Berglund et al,
2005). However, it has to be taken into account that hair treatment as well as
inter-individual variability in the toxicokinetics of mercury uptake from blood to
hair shaft and hair growth rate may affect mercury hair content. A frequently
cited total mercury blood to hair ratio of 1:250 was also used by JECFA
(FAO/WHO, 2004). It is well known, that large inter-study and inter-individual
variations exist, especially in populations with infrequent fish consumption
(WHO, 1990; FAO/WHO, 2004; Berglund et al, 2005) and there are some
indications that the total mercury blood to hair ratio is lower (Sakamoto et al,
2007; Yaginuma-Sakurai et al, 2012); however, the EFSA CONTAM Panel
considered the evidence insufficient to identify a more appropriate ratio
(EFSA, 2012).

113. Similarly to HHg, total toenail and fingernail mercury are used as
indicators of average MeHg exposure over time, serving as a biomarker for
long term MeHg (Mozaffarian et al, 2011). Reported hair to toenail ratios for
total mercury are in the range 2.38 — 3 (EFSA, 2012).

114. Urine analysis primarily provides information about exposure to
inorganic and elemental mercury, although in people with high seafood
consumption MeHg may also contribute to the mercury content (Sherman et
al. 2013). Because the concentration of the analyte may depend on the
dilution of the urine, which can vary, the measurement of mercury is often
expressed in terms of its concentration per unit of creatinine or in relation to

the specific gravity of the urine sample.

115. Mercury measured in whole blood and provides information about
recent (~1 to 2 months) exposures to both MeHg and inorganic mercury
(Clarkson and Magos, 2006). In most communities, the measurement of blood
total mercury is an accepted biomarker for MeHg exposure because it

correlates relatively well to seafood consumption (Sheehan et al, 2014). The
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use of speciation can provide an indication of potential mercury sources but
requires careful sample preparation and sophisticated instrumentation. The
measurement of mercury in cord blood provides information about
developmental exposure (UNEP/WHO, 2008).

116. In general, careful measurement of mercury content in hair and urine
offers the most convenient and cost-effective scheme to monitor mercury in a
given population, particularly those situated in resource-limited settings
(UNEP/WHO, 2008).

117. Cord tissue and cord blood are extensively discussed and summarised
in a previous evaluation (FAO/WHO, 2007). In summary, total mercury and
MeHg are in general higher (by a factor of 1.7 — 2.2) in cord blood than in
maternal blood at parturition (e.g., Kim et al, 2011; Sakamoto et al, 2012).
Total mercury in cord tissue correlates with MeHg in cord tissue, and total
mercury and MeHg in cord tissue correlate with total mercury in cord blood. A
significant relationship was reported between fish consumption during
pregnancy and total mercury in cord blood (FAO/WHO, 2007). Recently, total
mercury in cord blood has been shown to correlate with maternal hair total
mercury; the strongest correlation was observed with maternal hair in the first

1 cm-segment from the scalp at parturition (Sakomoto et al, 2012).

118. Basu et al. (2018) stated that individuals in select general background
populations worldwide with insignificant exposures to mercury sources have
BHg levels that generally fall below 5 pg/L, HHg levels that generally fall

below 2 ug/g, and urine mercury levels that fall below 3 ug/L, although these

general background values can vary across certain geographic regions.

Epigenetic alterations via mercury exposure

119. Recent studies have indicated that epigenetic changes may be a key
regulator of the mechanisms associated with Hg exposure and the

development of a variety of human disorders (Bollati and Baccarelli, 2010).
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The human epigenome carries the inherited alterations to the genome that
directly influences the regulation and expressions of genes. Epigenetic
alterations are genetically heritable modifications that do not affect the already
existing DNA sequence, but rather result in changing the expression of the
genes. The examples of epigenetic alterations are perturbations of the
promoter methylation pattern, histone modifications and non-coding RNA

dysregulations (Loscalzo and Handy, 2014).

120. Hanna et al. (2012) identified candidate methylation changes
associated with exposure to mercury in women undergoing in vitro fertilisation
(IVF). Methylation of the GSTM1/5 promoter was increased for women with
higher mercury exposure (p = 0.04); however, no correlation was observed (r
=0.17, p = 0.27). These results were obtained from the blood samples of the
women, where an elevated level of Hg was observed (exceeding 2.9 pg/L).
Though, no statistical association was detected between different levels of Hg
and the GSTM1 in the exposed individuals and the study did not establish the

expression level of GSTM1.

121. Carazza-Kessler et al, (2024) evaluated the transgenerational effects
of exposure to MeHg and/or vitamin A (VitA) on epigenetic and toxicological
parameters in Wistar rats. They found persistent toxicological effects in
generations F1 and F2 following low/mild doses of MeHg and/or VitA
exposure during dams’ (FO) gestation and breastfeeding. Toxicological effects
observed in the F2 generation included chronic DNA damage, bone marrow
toxicity, altered microglial content, reduced neuronal signal, and diminished
male longevity. Additionally, the study demonstrated that MeHg and VitA
affected histone methylation and caused consistent effects in the F2
generation. While MeHg exposure has been associated with
transgenerational inheritance effects in other organisms, this study provides
the first evidence of transgenerational inheritance of MeHg and VitA-

induced toxicological effects in rodents.
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122. Aung et al. (2020) tested whether metals are associated with
concurrent differential maternal whole blood DNA methylation. In the Early
Autism Risk Longitudinal Investigation (EARLI) cohort, first or second
trimester maternal blood metals concentrations (cadmium, lead, mercury,
manganese, and selenium) and DNA methylation were measured. A subset
sample of 97 women had both measures available for analysis, all of whom
did not report smoking during pregnancy. The authors observed exposure to
mercury was associated with gene ontologies for organ morphogenesis, tube
development (a precursor for neural tube development), and tissue
development but no significant correlations in single-site results for Hg in

EARLI were observed.

123. Kupsco et al. (2022) isolated extracellular vesicle (EV) RNA from 333
milk samples collected between 2 and 74 days postpartum from a Faroese
birth cohort born 1997-2000 and sequenced 2083 microRNA (miRNA) using
a targeted library preparation method. The authors used negative binomial
regressions to estimate associations between individual pollutants and 418
reliably expressed EV-miRNAs adjusted for potential confounders. They
performed sparse principal components (PCs) analysis to derive the first four
components of the EV-miRNA data and examined associations between
pollutants and PCs using Bayesian kernel machine regression (BKMR). The
authors observed no associations between pollutants and individual EV-
miRNA expression; however, BKMR suggested that miRNA’s: miR-200b-3p,
miR-664a-3p, miR-6738-5p, miR-429, miR-1236-5p, miR-4464, and miR-30b-
5p may be related to mercury neurotoxicity.

124. Longo et al. (2022) measured the serum concentration of a suite of
inorganic and organic pollutants and their association to serum miRNA-30b,
mMiRNA-223 and Let-7a miRNA expression in 68 healthy pregnant women from
the NEHO birth cohort sited in a highly industrialized area. The authors found
Hg levels were associated with miRNA-30b and the higher tertile of Hg
showed a positive association with miRNA-223 also. Statistical analysis also

shows a driving effect of Hg on significant increased expression of Let-7a (p =
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0.045) and significantly amplified expression of miRNA-30b (p = 0.038). The
authors concluded modified expression of circulating miRNAs in the serum of
pregnant women, exposed to low-medium dose contaminants offers

innovative early-warning approaches to human health risk assessment.

125. Onishchenko et al. (2008) observed an elevated trimethylation of the
histone H3K27, together with a declined H3 histone acetylation of the brain-
derived neurotrophic factor gene in perinatal MeHg exposed mice. This study
indicated that exposure to MeHg at the developmental levels, predisposed

mice to depression and enhanced epigenetic suppression.

126. Maccani et al. (2015) investigated the methylation status of > 485,000
CG dinucleotides (CpGs) loci in 192 placental samples. Hg concentrations
were analysed in toenail clippings from a subset of 41 infants. Neurobehavior
was assessed using the NICU Network Neurobehavioral Scales (NNNS) in an
independent subset of 151 infants. 339 loci were identified with an average
methylation difference > 0.125 between any two toenail Hg tertiles. Variation
among these loci was found to be associated with a high-risk NNNS profile.
Ten loci had p < 0.01 for the association between methylation and the high-
risk NNNS profile. Six of 10 loci reside in the EMID2 gene and were
hypomethylated in the 16 high-risk profile infants’ placentas. Methylation at
these loci was moderately correlated (correlation coefficients range, —0.33 to
—0.45) with EMID2 expression. EMID2 hypomethylation may represent a
novel mechanism linking in utero Hg exposure and adverse infant

neurobehavioral outcomes.

127. Sanders et al. (2015) assessed the association between miRNA
expression in the cervix during pregnancy with lead and mercury levels. They
obtained cervical swabs from 60 pregnant women and quantified cervical
miRNA expression. Women'’s blood lead, bone lead and toenail mercury
levels were analysed. Seventeen miRNAs were found to be negatively
associated with toenail mercury levels, and tibial bone lead levels were

associated with decreased expression of miR-575 and miR-4286. The authors
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concluded these findings highlight miRNAs in the human cervix as novel

responders to maternal chemical exposure during pregnancy.

Studies published on the Seychelles and Faroe Islands cohorts since
the 2018 COT statement on MeHg in the infant and child diet

128. Observation studies have been conducted in the Faroe Islands and
Republic of Seychelles for over three decades now and the findings have
been crucial to making informed decisions on HBGVs for inorganic and

organic mercury by leading authorities such as JECFA and EFSA.

129. The 2018 COT statement on MeHg carried out a literature review of
new data on the Seychelles and Faroe Islands cohorts published since the

previous EFSA opinion (EFSA, 2012) to assist in risk characterisation.

130. The following section is dedicated to summarising new literature
published since the last summary detailed within the 2018 COT statement on
MeHg in the infant and child diet.

Faroe Islands Cohorts

131. As of now there are six cohort studies of Faroese mother-child pairs,
the details of which can be found in Weihe and Grandjean (2012) and Jarlhelt
et al. (2024). The primary goal of these studies has been to understand
potential adverse health effects towards children after the mothers’ exposure
to marine contaminants during pregnancy (Weihe and Grandjean, 2012). The
Faroese reside on 17 islands in the North Atlantic Ocean between Norway
and Iceland, about 80% live on four connected (tunnel or bridge) northern
islands (Grandjean et al, 2012). The populations rely heavily on marine
resources for consumption and their economy. They also possess a long
tradition of hunting pilot whales (Globicephala melas) for consumption and
export with records back to 1584 (WHALING.FO, 2024); however, in 2008 the

Chief medical officers of the Faroe Islands recommended that pilot whales no
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longer be considered fit for human consumption due to high levels of mercury,
PCBs and DDT derivatives within the meat (Mackenzie, 2008). The high
seafood diet of the Faroese makes them ideal candidates for studying

adverse health effects of mercury.

132. Oulhote et al. (2019) used Faroe Islands cohort 3 to investigate joint
and independent neurotoxic effects of early life exposures to a chemical
mixture. Hg, PCBs, and PFAS were measured in maternal and children’s
blood at 5 years (n = 449 and 419). At 7 years, the children were administered
the Boston Naming Test (BNT) and the strengths and difficulties
questionnaire. A novel statistical approach was used for analysis to mitigate
issues such as multicollinearity and model misspecification. This approach
found an interquartile range (IQR) increase in maternal BHg and PFAS was
associated with 0.15 SD (95% CI = -0.29, —0.03) and 0.14 SD (95% CI = —
0.26, —0.05) lower scores in BNT, whereas a joint IQR increase in the mixture
of chemicals was associated with 0.48 SD (95% CI = -0.69, —0.25) lower
scores in BNT. These findings align with established negative associations

between mercury and neurodevelopment in this cohort.

Seychelles Child Development Study

133. The Seychelles Child Development Study (SCDS) is a multicohort
observational study. It is conducted within the Republic of Seychelles, a 115-
island archipelago in the Indian Ocean where citizens consume large amounts
of ocean fish. The population is exposed to MeHg primarily from fish
consumption and does not consume marine mammals which can contain
PCBs, other toxins, and higher MeHg concentrations than fish (Davidson et al,
1998). The islands are 1000 miles from the nearest continent with no
meaningful sources of industrial pollution. Therefore, fish consumed in the
Seychelles are contaminated only by natural background to MeHg (Zareba et
al, 2019). The primary goal of the SCDS is to measure developmental

outcomes in children whose mothers consumed a diet high in fish during
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pregnancy and to determine if there were associations between child

developmental outcomes and prenatal MeHg exposure.

Main Cohort of the Seychelles Child Development Study

134. In 1989-90, 779 mother-infant pairs were recruited as part of the
SCDS main cohort (MC). Children were enrolled at 6 months (+/-2 weeks)
postpartum and cohort children have subsequently been evaluated at 19, 29,
66, and 107 months of age, and 10.5, 17, 19, 22 and 24 years of age
(University of Rochester Medical Centre, 2024). More information on this
cohort has been reported in detail previously (Davidson et al, 1998; Shamlaye
et al, 1995; Myers et al, 2003; van Wijngaarden et al, 2013).

135. Zareba et al. (2019) evaluated prenatal MeHg exposure in relation to
HRV parameters in 19-year-old adults. Prenatal MeHg exposure (mean MeHg
=6.92 +4.54 ppm (n=514)) was determined in maternal hair growing during
pregnancy and recent exposure (mean MeHg = 10.21 £ 5.79 ppm (n = 451))
in participant's hair taken at evaluations which consisted of short (~2 h) and
long (overnight) Holter recordings obtained in 514 and 203 participants,
respectively. Prenatal MeHg exposure was unassociated with all 23 HRV
parameters studied after adjustment for multiplicity. Recent MeHg was also
not associated with any of the HRV parameters after adjustments for activity
levels, polyunsaturated fatty acids (PUFAs), multiplicity and a Bonferroni
adjustment. The authors concluded that prenatal and recent MeHg exposure

had no consistent pattern of association with HRV.

136. McSorley et al. (2020) examined associations between MeHg exposure
and biological markers of autoimmunity and inflammation while adjusting for
LCPUFAs which possess anti-inflammatory properties. Maternal total HHg
was measured and at age 19, total HHg, LCPUFA status, 13 antinuclear
antibodies (ANA), total serum immunoglobulins (lg) 1gG, IgA, and IgM and
serum markers of inflammation (IL-1, IL-2, IL-6, IL-10, C-reactive protein, IFN-
Y, TNF-a) were measured in the SCDS MC (n = 497). Mean maternal total
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HHg and age 19 total HHg was 6.84 +4.55 (n = 497) and 10.23 £ 6.02 ppm (n
= 448), respectively. The study found that postnatal Hg exposure was
associated with higher ANA and lower IgM but only after adjustment for the n-
3 LCPUFA or the n-6:n-3 LCPUFA ratio. The authors concluded the clinical

significance of these findings was unclear but warrant a follow up study.

Nutrition Cohort 2 of the Seychelles Child Development Study

137. Participants were recruited for the SCDS nutrition cohort 2 (NC2) with
the aim of investigating whether certain micronutrients in fish may benefit child
development and protect against neurotoxic effects of MeHg from maternal
fish consumption. In addition to hair and blood (maternal and cord) mercury,
various nutritional and genetic factors were measured that may influence child
developmental outcomes (University of Rochester Medical Centre, 2024).
NC2 consists of 1535 healthy mothers recruited between the years 2008 to
2011 during their first antenatal visit (from 14 weeks of gestation) at eight
health centres across the main Island Mahé. For further information on

recruitment criteria and power calculations see Strain et al. (2015).

138. Wahlberg et al. (2018) investigated whether maternal genetic variation
linked to glutathione pathways could influence MeHg concentrations in
pregnant mothers and children and thereby affect early development. Three
polymorphisms were genotyped in 1449 mothers. The genotypes were
analysed in association with maternal HHg and BHg, cord BHg, children’s
mental and motor development (assessed by Bayley Scales of Infant
Development at 20 months). The authors observed that maternal genetic
variation in genes involved in glutathione synthesis is statistically associated
with maternal HHg, but not in maternal or foetal BHg. They also found
increasing Hg in maternal and cord blood was associated with a lower PDI
among GCLCrs761142 TT carriers; and increasing Hg in hair was associated
with a lower MDI among GSTP1rs1695 GG carriers. These observations
suggest maternal glutathione genetics may modify associations between

MeHg exposure and neurodevelopmental outcomes.
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139. Xu et al. (2019) are the first to study the associations between MeHg
exposure, PUFA status and mitochondrial DNA copy number. In total, 1488
mother-child pairs were included in this study. Total Hg was measured in
maternal blood (mean 18.36 ng/mL) collected at 28 weeks’ gestation,
maternal hair at delivery, and in foetal cord blood (mean 34.76 ng/mL). PUFA
(n-3 and n-6) were measured only in maternal blood. Relative mitochondrial
DNA copy number (RmtDNAcn) was measured in both maternal and cord
blood. Increasing maternal blood Hg and n-3 PUFA were found to be
associated with higher maternal RmtDNAcn. Increasing maternal n-6 PUFA
and n-6/n-3 ratio were associated with lower maternal RmtDNAcn. Increasing
foetal cord blood Hg was associated with lower foetal RmtDNAcn. Neither
maternal blood Hg nor PUFA status was associated with foetal RmtDNAcn.
These findings suggest that MeHg and PUFA status may influence
mitochondrial homeostasis however, the authors noted that the magnitude of

the associations is small.

140. Yeates et al. (2020) examined the relationship between maternal
LCPUFA status at week 28 and birth outcomes, controlling for MeHg
exposure throughout pregnancy. From 1236 mother-child pairs non-fasting
blood samples were collected at 28 weeks of gestation, they measured serum
total LCPUFA concentrations and prenatal total HHg concentration was
measured (female mean 3.90 = 3.47 ppm (n = 588) and male mean 3.96 *
3.52 ppm (n = 648)). Associations of maternal LCPUFAs and MeHg with birth
outcomes were assessed by multiple linear regression models, adjusting for
child sex, gestational age, maternal age, BMI, alcohol use, socioeconomic
status, and parity. The authors found neither maternal LCPUFA status nor

MeHg exposure were significant determinants of birth outcomes in this cohort.

141. Cediel Ulloa et al. (2021) assessed associations between prenatal
MeHg exposure and DNA methylation (at the cytosine of CpGs) in three
nervous system-related genes, encoding brain-derived neurotropic factor
(BDNF), glutamate receptor subunit NR2B (GRIN2B), and the glucocorticoid
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receptor (NR3C1), in 406 seven-year-old children participating in the SCDS.
They identified associations with prenatal MeHg exposure for DNA
methylation of one GRIN2B CpG and two NR3C1 CpGs out of 12 total CpG
sites. Higher prenatal MeHg was associated with higher methylation for each
CpG site which is predicted to lower gene expression. The authors concluded
these epigenetic changes could influence neurodevelopment and mental
health.

142. Strain et al. (2021) examined the association of prenatal MeHg and
maternal status of n-3 and n-6 PUFAs with neurodevelopment and
investigated whether PUFAs might modify prenatal MeHg associations with
neurodevelopment. They examined 7-year-old children from 1237 mother-
child pairs. Prenatal mercury was measured as maternal HHg (mean 3.91
3.47 ppm) and prenatal PUFA status was measured in maternal serum at 28
weeks gestation. A neurodevelopmental test battery was conducted on the
children addressing 17 specific outcomes. Four of these outcomes
encompassing executive function, cognition, and linguistic skills indicated
improved performance with increasing n-6:n-3 PUFA ratio; however, after
adjustments for multiple comparisons no associations were significant.
Prenatal MeHg exposure, maternal DHA (22:6n-3) and arachidonic acid
(20:4n-6) (AA) status were not significantly associated with any
neurodevelopmental outcomes, aligning with previous findings in this cohort.
Furthermore, no significant interactions were noted between MeHg and PUFA

status.

143. Love et al. (2022) evaluated whether child ATP-binding cassette (ABC)
transporter protein genetics may influence prenatal MeHg exposure and early
child neurodevelopmental tests. Six ABC polymorphisms were genotyped in
DNA from cord blood and maternal blood. Neurodevelopment in children was
assessed by BSID-II at approximately 20 months of age. They used linear
regression models to analyse covariate-adjusted associations of genotype
with cord MeHg (n = 946) and BSID-II outcomes (n = 973) (Mental and

Psychomotor). Interactions between genotypes, cord MeHg, and
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neurodevelopmental outcomes were also evaluated. Only one polymorphism,
ABCC1rs11075290, was associated with cord blood MeHg; children
homozygous for the T-allele had on average 29.99 ug/L MeHg in cord blood
while those homozygous for the C-allele had on average 38.06 ug/L MeHg in
cord blood. No polymorphisms in the children were associated with BSID-II
outcomes. However, the association between cord MeHg and the MDI of the
BSID-II differed significantly across the three genotypes of
ABCB1rs10276499. With increasing cord MeHg, the MDI decreased among
children homozygous for the rare C-allele. These findings support the

hypothesis that child ABC genetics may influence prenatal MeHg exposure.

144. De Paula et al. (2023) investigated risks from genetic variation in genes
encoding the transcription factor Nuclear factor E2-related factor 2 (NRF2)
and its negative regulator Kelch-like ECH-Associated Protein 1 (KEAP1)
(known to moderate MeHg metabolism and toxicity) toward prenatal mercury
exposure and child neurodevelopmental outcomes at 20 months and 7 years
of age in the SCDS NC2. No evidence was found that prenatal mercury
exposure was associated with the polymorphisms studied. However, at 7
years, KEAP1 polymorphisms were associated with differences in

neurodevelopmental outcomes in the SCDS.

145. Wesolowska et al. (2024) evaluated dietary selenium (Se) and mercury
intakes from fish consumption during pregnancy in the SCDS NC2 (n = 1419)
as Se is thought to potentially alleviate MeHg toxicity. It was found that
selenium intake from fish averaged 61.6 pg/d and mercury intake from fish
averaged 0.38 pg/kg bw/d. The mean dietary Se:Hg molar ratio was 6. The
authors concluded that consumption of fish with Se:Hg ratios above 1, may
help pregnant women achieve optimum dietary selenium intakes, which may

protect against MeHg toxicity.

Hazard Characterisation
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146. The derivation of a health-based guidance value (HBGV) for MeHg has
been reviewed and summarised in the 2018 COT statement. These are

summarised in brief in the following paragraphs.

Derivation of HBGV for MeHg JECFA, 2004
147. The basis for establishing the 2004 JECFA HBGV was the human

epidemiology studies from the Faroe Islands and the Seychelles. The
assessments were made on the basis of the evaluations of children at 7 years

of age in the Faroe Islands and 5.5 years of age in the Seychelles.

148. Concentrations of mercury in maternal hair and/or cord blood were

used as biomarkers for exposure to methylmercury in utero.

149. A NOAEL for neurobehavioural effects of 15.3 mg/kg mercury in
maternal hair was established in the Seychelles study. A mathematical
analysis of the concentration to response relationship was used to determine
a BMDLos of 12.0 mg/kg mercury in maternal hair in the Faroe Islands. An
average of the NOAEL and BMDLos from the Seychelles and Faroe Island
studies was used (14 mg/kg mercury in maternal hair) as an estimate of the
concentration of methylmercury in maternal hair that reflects exposures that
would have no appreciable effect on the offspring in these two study

populations.

150. The concentration of methylmercury in maternal hair was converted to
mercury in maternal blood using an average overall ratio of 250 (paragraph
17). Based on this factor, the methylmercury concentration in maternal blood
that would be expected to have no appreciable adverse effects on the

offspring was calculated to be 0.056 mg/L.

151. By use of a one-compartment toxicokinetic model (WHO, 1990),

refined to better reflect the situation in pregnant women, the JECFA
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calculated the daily ingestion of methylmercury (1.5 ug/kg bw/day)
corresponding to a maternal BHg concentration that would have no

appreciable adverse effects on the offspring in the two study populations.

152. A data derived factor of 2 for variation in hair to blood ratio of mercury
was applied by JECFA. Interindividual variation in toxicokinetics when

converting the concentration of mercury in blood to an estimated daily intake
was taken into account by a standard factor of 3.2 (10°9). This resulted in an

overall uncertainty factor of 6.4.

153. Following application of this uncertainty factor, a PTWI of 1.6 ug/kg bw

was established.

EFSA, 2012

154. The CONTAM Panel evaluated any available studies since their 2004
evaluation, in which the PTWI established by JECFA was also adopted. The
biggest change since the evaluation of 2004 was new information on
cofounding by beneficial factors in fish on associations between prenatal

methylmercury exposures and neurodevelopmental endpoints.

155. Results from the first Nutrition Cohort (NC1) of the SCDS suggested an
effect at age 9 and 30 months but not at 5 years related to prenatal
methylmercury exposure, whereby it appeared that the positive effects from
intake of n-3 LCPUFAs no longer outweighed detrimental effects from
methylmercury exposure. The Nutrition study examined associations between
methylmercury, maternal nutrition, and children’s scores on the Bayley’s scale

of infant development-I| test.

156. The CONTAM panel found that a methylmercury concentration of 11
mg/kg in maternal hair was an apparent NOAEL for decreased scores on
neurodevelopmental indices after adjustment for prenatal blood maternal n-3

LCPUFAs and this formed a better point of departure than the unadjusted
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figure of 15.3 mg/kg methylmercury in maternal hair derived from the

Seychelles main cohort.

157. For the Faroe Islands cohort, the Panel could not identify a more
appropriate point of departure than the BMDLos of 12 mg/kg selected by
JECFA.

158. Based on the above, a maternal hair methylmercury concentration of
11.5 mg/kg (the mean of the two values) was used as an estimate of the
concentration of methylmercury in maternal hair that reflects exposures that
would have no appreciable effect on the offspring in these two study

populations.

159. A factor of 250 was used to convert this to an equivalent concentration

of mercury in maternal blood of 46 pg/L.

160. Output from the one-compartment toxicokinetic model determined that
a maternal daily dietary mercury intake of 1.2 pg/kg bw corresponded to a
maternal BHg concentration that was considered to have no appreciable
adverse effects on the offspring. By applying a total uncertainty factor of 6.4 to
this value, the CONTAM panel established a TWI for methylmercury of 1.3

Ma/kg bw expressed as mercury.

Derivation of HBGV for inorganic mercury JECFA, 2011

161. The Committee noted that there was a lack of quantitative data on

MeHg in non-fish products and on inorganic mercury in general.

162. The Committee assumed that the predominant form of mercury in

foods other than fish and shellfish is inorganic mercury.

163. Human data on the adverse effects to inorganic mercury exposure is

limited to case reports or series that do not allow identification of dose-
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response relationships and hence an HBGV cannot be derived. The adverse
effects observed in human cases however still provides evidence that

supports findings from experimental species studies.

164. The committee agreed that the toxicological database for mercury(ll)
chloride was relevant for assessing the health risk of foodborne inorganic

mercury.

165. For JECFA's risk assessment the NTP (1993) rat bioassay study was
considered the most important as it used low-dose exposures to mercury(ll)
chloride administered via the oral route. Mercury(ll) chloride was administered
by gavage, 5 days/week, for 6 months to rats in the NTP (1993) bioassay. The
most sensitive endpoint was found to be relative kidney weight. The BMDLs
generated for relative kidney weight were higher than those generated for all
other endpoints investigated, such as terminal body weight, serum alkaline
phosphatase, serum cholinesterase and incidence of nephropathy. Short term
exposure of mercury(ll) chloride to weanling rats administered orally also

yielded similar results.

166. The lowest BMDL1o for relative kidney weight increase in male rats was
calculated to be 0.11 mg/kg bw per day as mercury(ll) chloride. This
corresponds to 0.06 mg/kg bw per day as mercury, adjusted from a 5
days/week dosing schedule to an average daily dose and for the percent
contribution of inorganic mercury to mercury(ll) chloride dose. After
application of a 100-fold uncertainty factor, the Committee established a PTWI

for inorganic mercury of 4 ug/kg bw (rounded to one significant number).

167. The previous PTWI of 5 ug/kg bw for total mercury, established at the

sixteenth meeting, was withdrawn.

168. The new PTWI for inorganic mercury was considered applicable to

dietary exposure to total mercury from foods other than fish and shellfish.
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EFSA CONTAM Panel, 2012

169. EFSA evaluated the same evidence as JECFA as well as more recent
studies and the Panel agreed with the rationale of JECFA in setting a HBGV

based on relative kidney weight in rats as the pivotal effect.

170. The more recent studies EFSA evaluated reported other effects at low
levels of exposure to mercuric chloride; however, no NOAELs or BMDLs

could be identified due to limitations of these studies.

171. The Panel derived the same TWI for inorganic mercury as JECFA, 4
Ma/kg bw.

COT, 2018

172. The COT Committee agreed that the TWI of 1.3 ug/kg bw established
by EFSA could be used for characterising potential risks from the exposure of
infants and young children to MeHg. Therefore, to characterise the potential
risks from the exposure of women of maternal age to total mercury in the diet
the EFSA TWiIs for MeHg and inorganic mercury have been applied in the

below exposure assessment.

173. The Committee has not previously evaluated the EFSA TWI for

inorganic mercury.

Exposure assessment

Exposure from food

174. The FSA Exposure Assessment Team provided dietary exposure data
on mercury for women of childbearing age (16-49 yrs of age) as a proxy for
the maternal diet (Table 1). Exposure to mercury was determined using data
from the National Diet and Nutrition Survey (NDNS) (Bates et al., 2014, 2016,
2020; Roberts et al., 2018), and 2014 TDS (FSA, 2015).
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175.

Exposure estimates are presented as lower- and upper-bound mean

and 97.5th percentile. Lower bound: concentration values below the limit of

quantification (LOQ) are treated as zero. Upper bound: concentration values

below the LOQ are treated as at the LOQ. The food commodities that result in

the highest exposures to mercury are fish and seafoods, and non-alcoholic

beverages with mean exposure values of 0.018 and 0.010 ug/kg bw/day, and

97.5™" percentile values of 0.089 and 0.024 ug/kg bw/day, respectively.

176. Mean total exposure (combined exposure from all food groups) to

mercury for women of child-bearing age ranges from 0.13-0.29 ug/kg

bw/week, whilst exposure in high consumers (97.5" percentile) ranges from
0.62-0.84 ug/kg bw/week.

Table 1. Estimated exposure (in ug/kg bw/day) to mercury from foods

consumed by women of childbearing age (16-49 years).

Food Groups |Daily Daily Weekly Weekly
exposure to [exposure to exposure to |éXposure to
mercury LB to|mercury LB mercury LB to [ercury LB to
UB (ug/kg to UB (ug/kg (yB (ng/kg UB (ng/kg
bw/day) Mean |bw/day) bwiweek) bw/week)

97.5th *Mean *97.5th

Percentile Percentile
Bread 0-0.00099 0-0.0026 0-0.0069 0-0.018
Misc Cereals 0-0.0010 0-0.0029 0-0.007 0-0.020
Carcass meat 0-0.00034 0-0.0016 0-0.0024 0-0.011
Offal 0.000045 0.00075 0.00032 0.0053
Meat products 0-0.00027 0-0.0011 0-0.0019 0-0.0077
Poultry 0-0.00039 0-0.0014 0-0.0027 0-0.0098
Fish and seafood |, 1 0.089 0.13 0.62
Fats and oils 0-0.000086 0-0.00027 0-0.00060 0-0.0019
Eggs 0-0.00014 0-0.00067 0-0.00098 0-0.0047

54




This is a paper for discussion. This does not represent the views of the

Committee and should not be cited.

Sugars and

. 0.00033 0.0013 0.0023 0.0091
confectionary
Green vegetables |, , 40028 0-0.0011 0-0.0020 0-0.0077
Potatoes 0-0.0011 0-0.0032 __ [0-0.0077 0-0.022
Other vegetables |, 4013 0-0.0043  |0-0.0091 0-0.030
Canned 0-0.00026 0-0.0012  [0-0.0018 0-0.0084
vegetables
Fresh fruit 0-0.0012 0-0.0045  |0-0.0084 0-0.032
Fruit products __ |0-0.00038 __ |0-0.0021 0-0.0027 0-0.015
Non-aleoholic 4 4 91 0-0.024 0-0.07 0-0.17
beverages
Milk 0-0.00090 _ |0-0.0033 __ |0-0.0063 0-0.023
Dairy products __ |0-0.0004 0-0.0015 __ |0-0.0028 0-0.011
Nuts and seeds |0-0.000043 _ |0-0.00037 _ |0-0.00030 __ |0-0.0026
Hlcoholic 0-0.00083  [0-0.0055 [0-0.0058 0-0.039
beverages
Meat alternatives 150000024 [0-0.00029  [0-0.00017  [0-0.0020
Snacks 0.000055 0.00025 0.00039 0.0018
Desserts 0-0.000039 _ |0-0.00025  |0-0.00027 __ |0-0.0018
Condiments 0-0.00010 __ |0-0.00038 _ |0-0.0007 0-0.0027
Tap water only  |0-0.0014 0-0.0061 0-0.0098 0-0.043
Bottled water still
or carbonated 0-0.00034 0-0.0028 0-0.0024 0-0.020
Total 0.019-0.041 |0.089-0.12 [0.13-0.29 0.62-0.84

LB= Lower-bound; UB = Upper-bound.

Exposure from drinking water
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177. The main chemical forms in which mercury occurs in water are
elemental mercury, complexes of mercuric mercury with various inorganic and
organic ligands, and organic mercury forms, mainly MeHg and
dimethylmercury. The chemical form in which mercury occurs depends on the
pH, redox potential, and the concentration of inorganic and organic
complexing agents. The contribution of MeHg to total mercury is typically less
than 5 % in estuarine and marine waters but can be up to 30 % in fresh water
(EFSA, 2012).

178. Concentrations of mercury in water were provided by the Drinking
Water Inspectorate for England and Wales, the Drinking Water Quality
Regulator for Scotland and Northern Ireland (NI) Water. 2023 median and
97.5™" percentile concentrations were provided for England and Wales. 2023
data for NI and Scotland was requested however NI had no results greater
than the LOQ (0.041 pg/L) and Scotland had no results greater than the limit
of detection (LOD) (0.02 ug/L). The LOD and LOQ were therefore used as
proxies for 97.5" percentiles for Scotland and NI. For median concentrations,
2016 data were used for Scotland and NI from a previous COT paper (COT,
2018).

179. The FSA Exposure Assessment Team has provided values for water
consumption for women of child-bearing age of 8 (mean) and 32 (97.5™
percentile) g (ml) of water per kg bodyweight per day using data from the
2014 TDS (FSA, 2015). Using the median mercury concentration values in
drinking water of 0.04, 0.03 and 0.01 ug/L for England/Wales, Scotland and NI
respectively, then 97.5" percentile concentration of 0.12 for England/Wales,
and LOD and LOQ concentrations of 0.041 and 0.02 ug/L for Scotland and NI
respectively, the calculated exposures to mercury from drinking water are

shown in Table 2.

Table 2. Calculated mean and 97.5th percentile exposures for women of

childbearing age to Mercury from drinking water.
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Region N (number | Median Median 97.5th 97.5th
of (ng/kg (ng/kg percentile | percentile
samples) bw/day)* | bw/week)* | (ng/kg (ng/kg
bw/day)* bw/week)*
England 7944 0.00032 | 0.00224 0.0038 0.027
and Wales
Scotland Median 0.00016 | 0.00112 0.0013% 0.0091%
16424;
LOD 585
Northern Median 395; | 0.000080 | 0.00056 0.00064- 0.0045%
Ireland LOQ 1782

* Average body weight for women of childbearing age = 70.3 kg, value
provided by the FSA Exposure Assessment Team from years 1 — 11 of the
rolling National Diet and Nutrition Survey, NDNS (Bates et al., 2014, Bates et
al., 2016, Roberts et al., 2018). L = calculated using 2023 LOD/LOQ.

Exposure from the air

180. Mercury is naturally emitted from land and ocean surfaces as
elemental mercury. Anthropogenic sources result in the emission of elemental
mercury, mercuric mercury, and particle-bound mercury. In general, elemental

mercury is the predominant form of mercury in the atmosphere (EFSA, 2012).

181. The WHO estimates that the average inhalation rate for a 70 kg adult is
20 m3/day (WHO, 2000). Defra’s UK-Air Data Selector tool was used to
retrieve total mercury air concentrations and the most recent data available
was from 2018 at two sites. The average air mercury concentration in London
Westminster (urban background) was 2.68 ng/m3 and 15.34 ng/m?3 from

Runcorn Weston Point (urban industrial site).

182. As a worst-case scenario, if an adult female were to be constantly
exposed to an air mercury concentration of 15.34 ng/m? then this would result
in a daily exposure to 306.8 ng of mercury from the air. For women with an
average body weight of 70.3 kg, (value provided by the FSA Exposure
Assessment Team from years 1 — 11 of the rolling National Diet and Nutrition
Survey, NDNS (Bates et al., 2014, Bates et al., 2016, Roberts et al., 2018)
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this gives an exposure of 4.36 ng/kg bw/day equivalent to 0.031 ug/kg
bw/week.

183. This assumes that there is full absorption of all mercury in the particles
inhaled, but this depends upon particle sizes and some of the inhaled dose

may become trapped in other parts of the nasopharynx.

Exposure from the soil

184. Mercury is most commonly found in the environment in elemental form,
as inorganic mercuric (Hg?*) compounds, or as monomethylmercury
compounds with the general formula, CHsHgX. Monomethylated mercury
compounds are most likely to be found in soil as a result of natural microbial
transformation of inorganic mercury (Environmental Agency, 2009). In surface
soils, about 1-3 % of total mercury is in the methylated form with the rest

predominantly as Hg?* compounds (Environment Agency, 2009).

185. Mercury was measured in topsoil from England from a depth of 0-15

cm as part of a DEFRA-commissioned project (Ander et al, 2013).

186. Table 3 shows the mercury exposures from soil for women of child-
bearing age. Mean and 75" percentile mercury concentrations from soil in
regions classified as principal (non-urban) and urban were used to assess

potential exposures of adults through soil ingestion (Ander et al, 2013).

187. An ingestion rate of 50 mg soil/day was assumed based on the rate
used by the Environment Agency in their Contaminated Land Exposure
Assessment (CLEA) model (Environment Agency, 2009) and was based on a
consensus value from studies by USEPA (1997) and Otte et al. (2001). Itis a
combined value for soil and dust as most of the evidence used to determine
the ingestion rate does not differentiate between soil and household dust.
Furthermore, the evidence base for selecting a representative soil ingestion

rate for adults is much smaller than that for children and as such USEPA
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(1997) cautioned that the value is highly uncertain and based on a low level of

confidence.

Table 3. Median and 75th percentile exposure values for women of

childbearing age to mercury from soil.

Measure Region Soil Mercury Mercury
concentration | exposure exposure
of mercury (ng/kg bw/day)* | (ug/kg
(mg/kg) bw/week)*

Median Non-urban | 0.12 0.000085 0.00060

Median Urban 0.33 0.00024 0.0017

75th Non-urban | 0.23 0.00016 0.0011

percentile

75th Urban 0.65 0.00046 0.0032

percentile

* Average body weight for women of childbearing age = 70.3 kg, value

provided by the FSA Exposure Assessment Team from years 1 — 11 of the
rolling National Diet and Nutrition Survey, NDNS (Bates et al., 2014, Bates et
al., 2016, Roberts et al., 2018).

188. The data presented are representative of mercury concentrations in the

soil in England only.

Pica behaviour

189. A discussion paper on the effects of pica during pregnancy was

presented to the COT in 2023 but was unpublished. The key points are

summarised below.

190.

Pica behaviour is described as the craving for and intentional ingestion

of substances that are not described as food. The most frequently reported

pica behaviours globally are: geophagia- the consumption of earth, soil or

clay, amylophagia- the consumption of starch, and pagophagia- the

consumption of ice (Miao et al., 2015). Globally, it is thought to affect up to 28

% of pregnant women, albeit with a high degree of geographic variability

(Fawcett et al, 2016). The majority of pica in pregnant women in the UK is

59




This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

geophagia and therefore the risks posed to women of maternal age is likely to

be from contaminants present within these substances.

191. Geophagia primarily occurs in migrant populations from Africa and
South Asia where the practice is commonplace. As such, the soils, chalks and
clays that are consumed are not of UK origin. The soils are frequently
imported from regions where the practice is prevalent following rudimentary

processing such as being oven baked into blocks (Dean et al., 2004).

192. The most likely health risks from geophagia were reported to be metal

heavy contamination by lead, arsenic and cadmium, not mercury.

193. The discussion paper highlighted several uncertainties regarding the
toxicological risk of pica to pregnant women. These include: the mineralogical
and contaminant profile of the soil and clays consumed is highly variable; the
soils and clays are often imported from a variety of countries resulting in
variation; and studies rely on self-reporting of pica behaviour through
questionnaires which could lead to bias in the data and underreporting of pica

potentially due to stigma associated with consuming non-food substances.

194. In summary, pica presents a potential route of exposure to mercury
from soils/clays. However, pica has not been considered as part of this

statement due to the lack of data available on pica behaviour.

Aggregate exposure

195. Aggregate exposure to mercury from food, drinking water, soil and
dust, and air were derived by considering a number of scenarios based on the
available data. Table 4 shows scenarios of aggregate exposure from the
sources listed above and includes estimate of average and high exposure

from these sources as indicated below.

196. Average and high exposure for food and drinking water represents the
mean and 97.5™" percentile exposure. Data for exposure from drinking water in

England and Wales were used as this represented the highest exposure
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compared to Scotland and Northern Ireland. The contribution from air in all

scenarios is based on average inhalation rates and the average concentration

from an industrial site in England and Wales. For exposure from soil, the

average and high exposure represents the mean and 75th percentile

exposure respectively for the region with the highest exposure (i.e., urban

region as shown in Table 3).

197. Table 4. Aggregate exposure to Mercury from food, drinking water, soll

and air*.

Scenarios Aggregate Aggregate
exposure exposure (ng/kg
(Mg/kg bw/day) | bw/week)

Average exposure from all sources?® 0.045 0.315

High exposure from all sources® 0.13 0.91

High exposure from food and mean 0.12 0.84

exposure from all other sources®

High exposure from drinking water 0.049 0.34

and mean from other sources®

High exposure from soil and mean 0.046 0.32

from other sources®

a This scenario represents a summation of average exposure from food,

water and soil and a value for air*.

b Exposure is based on summation of 97.5" percentile estimates for food and

water, 75th percentile for urban soil and a value for air*.

c Exposure is based on summation of 97.5" percentile estimates for food and

the averages for water, urban soil and a value for air*

d Exposure is based on summation of 97.5™ percentile estimates for drinking

water and the averages for food, urban soil and a value for air*

e Exposure is based on summation of 75" percentile estimate for urban soil

and averages for food, water and a value for air*.
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*The contribution from air in all scenarios is based on average inhalation rates
and the maximum concentration identified for England and Wales.Risk

characterisation

Food

198. Mean total exposure to mercury from food for women of child-bearing
age ranges from 0.13-0.29 ug/kg bw/week, whilst exposure in high consumers
(97.5" percentile) ranges from 0.62-0.84 ug/kg bw/week. Without considering
exposure from non-dietary sources and assuming all mercury is in the form of
MeHg, these estimates are below the EFSA TWI of 1.3 pg/kg bw for MeHg
(EFSA, 2012).

Drinking water

199. The 97.5" percentile mercury exposure from drinking water for a
woman of childbearing age in England & Wales, Scotland and Nl is 0.027,
0.0091 and 0.0045 ug/kg bw/week respectively. Assuming all the drinking
water mercury is in the form of MeHg, compared to the EFSA TWI (1.3 pg/kg
bw), these exposures represent 2.1 %, 0.70 % and 0.35 % of the TWI.

200. The exposures from drinking water alone are far below the TWI. The
97.5% percentile water consumption in women of childbearing age was used

and hence the exposures calculated are considered conservative.

Air

201. An average adult female is at worst expected to be exposed to 0.031
Ma/kg bw/week of mercury if they live near an urban industrial site. This
exposure is equivalent to 0.78% of the inorganic mercury TWI (4 ug/kg bw)
and 2.38% of the MeHg TWI (1.3 pug/kg bw). The industrial site air mercury
concentration is 5.7 times higher than the urban background concentration so

for the general population this value is conservative.
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Soil

Table 4. Median and 75" percentile exposure to soil mercury as a proportion

of the inorganic and organic mercury EFSA TWI’s.

Measure Region Mercury | % inorganic | % organic
exposure | mercury TWI | mercury TWI
(ng/kg (4 ug/kg bw) | (1.3 pg/kg bw)
bw/week)*

Median Non-urban | 0.00060 0.015 0.046

Median Urban 0.0017 0.042 0.13

75th Non-urban | 0.0011 0.028 0.086

percentile

75th Urban 0.0032 0.081 0.25

percentile

202. The 75™ percentile exposure to mercury through soil ingestion is far

below the TWIs and therefore low concern to the general population.

203. The soil mercury concentrations used for the exposure estimate are

from England only. No values were available for Wales, Scotland and NI.

204. There is uncertainty regarding sub-populations that exhibit pica
behaviour that may regularly consume soils/clays containing mercury;
however, due to a lack of data this is not incorporated into the risk

assessment.

Aggregate characterisation
205. A combined exposure assessment considered exposure to mercury
from all sources at average and high levels. In a scenario where there are
high exposures to mercury from all sources (food, drinking water, soil and air)
the estimated aggregate exposure is 0.13 pg/kg bw/day (Table 3) equivalent
to 0.91 pg/kg bw/week which is below both the EFSA TWI’s for inorganic (4
Mg/kg bw) and organic (1.3 ug/kg bw) mercury. As aggregate exposure

estimates under all scenarios are below the EFSA TWI’s the risk of toxicity
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from mercury is low.

Conclusions

206. Mercury is a metal that is released into the environment from both
natural and anthropogenic sources. Mercury bioaccumulates in fish as
methylmercury (MeHg), especially in long-lived predatory species such as
swordfish and tuna. Populations that consume large quantities of foods
derived from fish are more vulnerable to mercury exposure. Food sources
other than fish and seafood products may contain mercury, but mostly in the

form of inorganic mercury.

207. After oral intake in humans, MeHg is more extensively and rapidly
absorbed than inorganic mercury. MeHg can enter the hair follicle, cross the
placental, blood-brain and blood-cerebrospinal fluid barriers, allowing
accumulation in hair, the fetus and the brain, respectively. Inorganic mercury
in food is considerably less toxic than MeHg due to its low lipophilicity hence it

does not readily cross the same fluid barriers.

208. The main adverse effect associated with MeHg exposure is toxicity to
the central and peripheral nervous systems. Due to MeHg’s ability to cross
barriers, exposure during embryonic neurodevelopment and in young children
is of high concern. Thus, pregnant and breastfeeding women are sensitive

sub-populations.

209. The most recent HBGVs derived for mercury were calculated by EFSA
in 2012 to determine whether the earlier JECFA derived values were still
appropriate. EFSA derived a lower TWI for MeHg of 1.3 ug/kg bw (JECFA
TWI was 1.6 pg/kg bw) and a TWI for inorganic mercury of 4 ug/kg bw
(identical to the JECFA TWI).

210. The high individual and aggregate exposure assessments to mercury
from food, water, soil and air all estimated exposures below the EFSA TWI for

MeHg and inorganic mercury. Therefore, for the UK population there is low
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risk to women of maternal age and their foetuses.

Questions for the Committee

a) Does the Committee think that the current level of exposure to mercury
from the diet, drinking water, soil and air is a cause for concern for

pregnant women or their foetuses?

b) Does the Committee think that the EFSA TWIs for MeHg and inorganic

Hg are acceptable for this risk assessment?

c) Does the Committee have any other comments on this discussion

paper?

Secretariat

January 2025
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List of Abbreviations and Technical terms

Acronym Definition

ALSPAC Avon longitudinal study of parents and children

ANA Antinuclear antibody

ABC ATP-binding cassette

ATSDR Agency for Toxic Substances and Disease Registry

BDNF Brain-derived neurotropic factor

BHg Blood mercury

BKMR Bayesian kernel machine regression

BMDL Benchmark-dose lower confidence limit

BMI Body mass index

BSID-II Bayley’s scale of infant development-l

Bw Bodyweight

CONTAM Panel on Contaminants in the Food Chain

COoT Committee on the Toxicity of Chemicals in Food,
Consumer Products and the Environment

CpG CG dinucleotides

DDE p,p’-dichlorodiphenyldichloroethylene

DDST Denver Developmental Screening Test

DDT Dichlorodiphenyltrichloroethane

Defra Department for Environment, Food and Rural Affairs

DHA Docosahexaenoic acid

EARLI Early Autism Risk Longitudinal Investigation

EFSA European Food Safety Authority

EV Extracellular vesicle

FAO Food and Agriculture Organisation of the United Nations

NR3C1 Glucocorticoid receptor

GRIN2B Glutamate receptor subunit NR2B

GST Glutathione S-transferase
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GSTM1 Glutathione S-transferase M1

GSTT1 Glutathione S-transferase T1

Hg Mercury

HHg Hair mercury

HRV Heart rate variability

Ig Immunoglobulin

IVF In vitro fertilisation

JECFA Joint Food and Agriculture Organisation of the United
Nations / World Health Organisation Expert Committee on
Food Additives

LCPUFA Long chain polyunsaturated fatty acid

MC SCDS main cohort

MDI Mental development index

MeHg Methylmercury

miRNA Micro RNA

MOCEH Mothers and Children's Environmental Health

NC1 SCDS nutrition cohort 1

NC2 SCDS nutrition cohort 2

NNNS NICU network neurobehavioral scales

NOAEL No observed adverse effect level

OowoO Overweight or obesity

PC Principal component

PCB Polychlorinated biphenyls

PDI Psychomotor development index

PE Preeclampsia

PFAS Perfluoroalkyl substances

PHIME Mixed Element exposure in a susceptible population EU
Sixth Framework Programme

PTWI Provisional tolerable weekly intake

PUFA Polyunsaturated fatty acid

RmtDNAcn Relative mitochondrial DNA copy number

ROS Reactive oxygen species
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S Sulfur

SACN Scientific Advisory Committee on Nutrition
SCDS Seychelles child development study
SCOOP Scientific cooperation

Se Selenium

SGA Small-for-gestational age

TDS Total diet survey

THg Total mercury

TWI Tolerable weekly intake

VitA Vitamin A

WHO World health organisation

Search terms

The references cited in this discussion paper are of publications found in

PubMed or LitFetch searches and references therein, using the following

search terms:

Hg AND

Maternal,
Maternal health,

Pre-conception,
Conception,
Post-partum,
Toxicity Reproductive Mechanism,
ADME,
Toxicokinetics,
Absorption,
Distribution,
Metabolism,
Excretion,
Biomarker,

Exposure,
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Preeclampsia,
Abortion,

United Kingdom,
Republic of Seychelles,

Faroe Islands.

69



This is a paper for discussion. This does not represent the views of the

Committee and should not be cited.

References

Abbott, L. C., & Nigussie, F. (2021). Mercury Toxicity and Neurogenesis in the
Mammalian Brain. International Journal of Molecular Sciences, 22(14), 7520.
https://doi.org/10.3390/ijms22147520.

Agency for Toxic Substances and Disease Registry (ATSDR). 2004.
Interaction profile for: Persistent chemicals found in fish (chlorinated dibenzo-
pdioxins, hexachlorobenzene, p,p’-DDE, methylmercury, and polychlorinated
biphenyls). Atlanta, GA: U.S. Department of Health and Human Services,

Public Health Service. Available at: Persistent Chemicals Found in Fish |

Interaction Profiles for Toxic Substances | ATSDR.

Agency for Toxic Substances and Disease Registry (ATSDR). 2022.
Toxicological Profile for Mercury (Draft for Public Comment). Atlanta, GA: U.S.
Department of Health and Human Services, Public Health Service. Available

at: Toxicological profile for mercury : draft for public comment : April 2022.

Agency for Toxic Substances and Disease Registry (ATSDR). 2024.
Toxicological Profile for Mercury. Atlanta, GA: U.S. Department of Health and
Human Services, Public Health Service. Available at: Mercury | Toxicological
Profile | ATSDR.

Al-Saleh, I., Shinwari, N., Mashhour, A., & Rabah, A. (2014). Birth outcome
measures and maternal exposure to heavy metals (lead, cadmium and
mercury) in Saudi Arabian population. International Journal of Hygiene
and Environmental Health, 217(2), 205-218.
https://doi.org/10.1016/}.ijheh.2013.04.009.

al-Shahristani H and Shihab KM, 1974. Variation of biological half-life of
methylmercury in man. Archives of Environmental Health, 28, 342-344.

Ander, E. L., Johnson, C. C., Cave, M. R., Palumbo-Roe, B., Nathanail, C. P.,
& Lark, R. M. (2013). Methodology for the determination of normal

70


https://doi.org/10.3390/ijms22147520
https://www.atsdr.cdc.gov/interaction-profiles/about/persistent-chemicals-found-in-fish.html
https://www.atsdr.cdc.gov/interaction-profiles/about/persistent-chemicals-found-in-fish.html
https://stacks.cdc.gov/view/cdc/117446
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=115&tid=24
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=115&tid=24
https://doi.org/10.1016/j.ijheh.2013.04.009

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

background concentrations of contaminants in English soil. Science of The
Total Environment, 454-455, 604—-618.
https://doi.org/10.1016/j.scitotenv.2013.03.005.

Atkinson A, Thompson SJ, Khan AT, et al. 2001. Assessment of a two-
generation reproductive and fertility study of mercuric chloride in rats. Food
Chem Toxicol 39(1):73-84. https://doi.org/10.1016/S0278-6915(00)00096-X.

Aung, M. T., M. Bakulski, K., Feinberg, J. I., F. Dou, J., D. Meeker, J.,
Mukherjee, B., Loch-Caruso, R., Ladd-Acosta, C., Volk, H. E., Croen, L. A.,
Hertz-Picciotto, I., Newschaffer, C. J., & Fallin, M. D. (2022). Maternal blood
metal concentrations and whole blood DNA methylation during pregnancy in
the Early Autism Risk Longitudinal Investigation (EARLI). Epigenetics,
17(3), 253-268. https://doi.org/10.1080/15592294.2021.1897059.

Balali-Mood, M., Naseri, K., Tahergorabi, Z., Khazdair, M. R., & Sadeghi, M.
(2021). Toxic Mechanisms of Five Heavy Metals: Mercury, Lead, Chromium,
Cadmium, and Arsenic. Frontiers in Pharmacology, 12, 643972.
https://doi.org/10.3389/fphar.2021.643972.

Ballatori N, Clarkson TW. 1985. Biliary secretion of glutathione and of
glutathione-metal complexes. Fundam Appl Toxicol 5(5):816-831.

Basu, N., Horvat, M., Evers, D. C., Zastenskaya, I., Weihe, P., & Tempowski,
J. (2018). A State-of-the-Science Review of Mercury Biomarkers in Human
Populations Worldwide between 2000 and 2018. Environmental Health
Perspectives, 126(10), 106001. https://doi.org/10.1289/EHP3904.

Bates, B.; Lennox, A.; Prentice, A.; Bates, C.; Page, P.; Nicholson, S.; Swan,
G. (2014) National Diet and Nutrition Survey Results from Years 1, 2, 3 and 4
(combined) of the Rolling Programme (2008/2009 — 2011/2012) Available

at: National Diet and Nutrition Survey.

Bates, B.; Cox, L.; Nicholson, S.; Page, P.; Prentice, A.; Steer, T.; Swan, G.
(2016) National Diet and Nutrition Survey Results from Years 5 and 6

71


https://doi.org/10.1016/j.scitotenv.2013.03.005
https://doi.org/10.1016/S0278-6915(00)00096-X
https://doi.org/10.1080/15592294.2021.1897059
https://doi.org/10.3389/fphar.2021.643972
https://doi.org/10.1289/EHP3904
https://www.gov.uk/government/statistics/national-diet-and-nutrition-survey-results-from-years-1-to-4-combined-of-the-rolling-programme-for-2008-and-2009-to-2011-and-2012

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

(combined) of the Rolling Programme (2012/2013 — 2013/2014) Available

at: National Diet and Nutrition Survey.

Bates, B., Collins, D., Jones, K., Page, P., Roberts, C., Steer, T., Swan, G.
(2020). National Diet and Nutrition Survey Rolling programme Years 9 to 11
(2016/2017 to 2018/2019). Available at: National Diet and Nutrition Survey.

Barbone, F., Rosolen, V., Mariuz, M., Parpinel, M., Casetta, A., Sammartano,
F., Ronfani, L., Vecchi Brumatti, L., Bin, M., Castriotta, L., Valent, F., Little, D.
L., Mazej, D., Snoj Tratnik, J., Miklav&i¢ Visnjevec, A., Sofianou, K., Spirié, Z.,
Krsnik, M., Osredkar, J., Neubauer, D., Horvat, M. (2019). Prenatal mercury
exposure and child neurodevelopment outcomes at 18 months: Results from
the Mediterranean PHIME cohort. International Journal of Hygiene and
Environmental Health, 222(1), 9-21.
https://doi.org/10.1016/j.ijheh.2018.07.011.

Berglund, M., Lind, B., Bjornberg, K. A., Palm, B., Einarsson, O., & Vahter, M.
(2005). Inter-individual variations of human mercury exposure biomarkers: A
cross-sectional assessment. Environmental Health: A Global Access
Science Source, 4, 20. https://doi.org/10.1186/1476-069X-4-20.

Bocca, B., Ruggieri, F., Pino, A., Rovira, J., Calamandrei, G., Martinez, M. A,
Domingo, J. L., Alimonti, A., & Schuhmacher, M. (2019). Human
biomonitoring to evaluate exposure to toxic and essential trace elements
during pregnancy. Part A. concentrations in maternal blood, urine and cord
blood. Environmental Research, 177, 108599.
https://doi.org/10.1016/j.envres.2019.108599.

Bolan, S., Seshadri, B., Keely, S., Kunhikrishnan, A., Bruce, J., Grainge, .,
Talley, N. J., & Naidu, R. (2021). Bioavailability of arsenic, cadmium, lead and
mercury as measured by intestinal permeability. Scientific reports, 11(1),
14675. https://doi.org/10.1038/s41598-021-94174-9.

72


https://assets.publishing.service.gov.uk/media/5a7f124eed915d74e33f427d/NDNS_Y5_6_UK_Main_Text.pdf
https://assets.publishing.service.gov.uk/media/5fd23324e90e07662b09d91a/NDNS_UK_Y9-11_report.pdf
https://doi.org/10.1016/j.ijheh.2018.07.011
https://doi.org/10.1186/1476-069X-4-20
https://doi.org/10.1016/j.envres.2019.108599
https://doi.org/10.1038/s41598-021-94174-9

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Bollati, V., & Baccarelli, A. (2010). Environmental epigenetics. Heredity,
105(1), 105-112. https://doi.org/10.1038/hdy.2010.2.

Boscolo P, Carmignani M, Giuliano G, et al. 1989. Peripheral
catecholaminergic mechanisms and baroreflex pathways are involved in
vascular and cardiac effects of long-term exposure to inorganic mercury in
rats. In: Strano A, Novo S, eds. Advances in vascular pathology. Amsterdam:
Elsevier Science Publisher, 1061-1066.

Bradley, M. A., Barst, B. D., & Basu, N. (2017). A Review of Mercury
Bioavailability in Humans and Fish. International journal of
environmental research and public health, 14(2), 169.
https://doi.org/10.3390/ijlerph14020169.

Bridges C. C., & Zalups R. K. (2018). Mechanisms involved in the transport of
mercuric ions in target tissues. Arch Toxicol 91(1):63-81.
http://doi.org/10.1007/s00204-016-1803-y.

Bridges, C. C., & Zalups, R. K. (2010). Transport of inorganic mercury and
methylmercury in target tissues and organs. Journal of Toxicology and
Environmental Health. Part B, Critical Reviews, 13(5), 385—410.
https://doi.org/10.1080/10937401003673750.

Carazza-Kessler, F. G., Campos, M. S., Bittencourt, R. R., Rosa-Silva, H. T.
da, Brum, P. O., Silveira, A. K., Teixeira, A. A., Ribeiro, C. T., Peixoto, D. O.,
Santos, L., Andrade, G., Panzenhagen, A. C., Scheibel, |I. M., Gelain, D. P., &
Fonseca Moreira, J. C. (2024). Transgenerational inheritance of
methylmercury and vitamin A-induced toxicological effects in a Wistar rats
environmental-based model. Chemosphere, 351, 141239.
https://doi.org/10.1016/j.chemosphere.2024.141239.

Carmignani, M., Boscolo, P., Artese, L., Del Rosso, G., Porcelli, G., Felaco,
M., Volpe, A. R., & Giuliano, G. (1992). Renal mechanisms in the
cardiovascular effects of chronic exposure to inorganic mercury in rats.
British Journal of Industrial Medicine, 49(4), 226—-232.
https://doi.org/10.1136/0em.49.4.226.

73


https://doi.org/10.1038/hdy.2010.2
https://doi.org/10.3390/ijerph14020169
http://doi.org/10.1007/s00204-016-1803-y
https://doi.org/10.1080/10937401003673750
https://doi.org/10.1016/j.chemosphere.2024.141239
https://doi.org/10.1136/oem.49.4.226

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Carmignani, M., Boscolo, P., & Preziosi, P. (1989). Renal ultrastructural
alterations and cardiovascular functional changes in rats exposed to mercuric
chloride. Archives of Toxicology, 13, 353-356. https://doi.org/10.1007/978-
3-642-74117-3_68.

Carmignani, M., & Boscolo, P. (1984). Cardiovascular homeostasis in rats
chronically exposed to mercuric chloride. Archives of Toxicology, 7, 383—
388. https://doi.org/10.1007/978-3-642-69132-4 66.

Carty AJ, Malone SF. 1979. The chemistry of mercury in biological systems.
In: Nriagu JO, ed. The biogeochemistry of mercury in the environment. New
York, NY: Elsevier/North Holland Biomedical Press, 433-480.

Cediel Ulloa, A., Gliga, A., Love, T. M., Pineda, D., Mruzek, D. W., Watson, G.
E., Davidson, P. W., Shamlaye, C. F., Strain, J. J., Myers, G. J., van
Wijngaarden, E., Ruegg, J., & Broberg, K. (2021). Prenatal methylmercury
exposure and DNA methylation in seven-year-old children in the Seychelles
Child Development Study. Environment International, 147, 106321.
https://doi.org/10.1016/j.envint.2020.106321.

Chan, P. H. Y., Kwok, K. M., Chan, M. H. M., Li, A. M., Chan, I. H. S., Fok, T.
F., & Lam, H. S. (2021). Prenatal methylmercury exposure is associated with
decrease heart rate variability in children. Environmental Research, 200,
111744. https://doi.org/10.1016/j.envres.2021.111744.

Chapman, L., & Chan, H. M. (2000). The influence of nutrition on methyl
mercury intoxication. Environmental Health Perspectives, 108 Suppl
1(Suppl 1), 29-56. https://doi.org/10.1289/ehp.00108s129.

Charbonneau, S. M., Munro, |. C., Nera, E. A., Armstrong, F. A., Willes, R. F.,
Bryce, F., & Nelson, R. F. (1976). Chronic toxicity of methylmercury in the
adult cat. Interim report. Toxicology, 5(3), 337-349.
https://doi.org/10.1016/0300-483x(76)90052-4.

74


https://doi.org/10.1007/978-3-642-74117-3_68
https://doi.org/10.1007/978-3-642-74117-3_68
https://doi.org/10.1007/978-3-642-74117-3_68
https://doi.org/10.1007/978-3-642-69132-4_66
https://doi.org/10.1016/j.envint.2020.106321
https://doi.org/10.1016/j.envres.2021.111744
https://doi.org/10.1289/ehp.00108s129
https://doi.org/10.1016/0300-483x(76)90052-4

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Chemelo, V. S., Nascimento, P. C., Bittencourt, L. O., Souza-Monteiro, D.,
Balbinot, G. S., Albuquerque, A. R. L., Silva, M. C. F., da Paz, S. P. A,,
Angélica, R. S., Prado, A. F., Martins, M. D., Collares, F. M., Crespo-Lopez,
M. E., & Lima, R. R. (2022). In utero and lactational exposure to
methylmercury elicits physical-chemical and morphological damages in the
alveolar bone of offspring rats: The first toxicological findings. Chemosphere,
308(Pt 3), 136453. https://doi.org/10.1016/j.chemosphere.2022.136453.

Clarkson, T. W. (2002). The three modern faces of mercury. Environmental
Health Perspectives, 110, 11-23. https://doi.org/10.1289/ehp.02110s111.

Clarkson, T. W., & Magos, L. (2006). The toxicology of mercury and its
chemical compounds. Critical Reviews in Toxicology, 36(8), 609—662.
https://doi.org/10.1080/10408440600845619.

COT, (2004): Annex 3. Updated COT Statement on a survey of
methylmercury in fish and shellfish: fishreport200406.pdf.

COT, (2018). Statement on potential risks from methylmercury in the diet of
infants aged 0 to 12 months and children aged 1 to 5 years.

cotstatementonmethylmercury.pdf (food.gov.uk).

Dack, K., Wootton, R. E., Taylor, C. M., & Lewis, S. J. (2023). Prenatal
Mercury Exposure and Infant Weight Trajectories in a UK Observational Birth
Cohort. Toxics, 11(1), 10. https://doi.org/10.3390/toxics11010010.

Davidson, P. W., Myers, G. J., Cox, C., Axtell, C., Shamlaye, C., Sloane-
Reeves, J., Cernichiari, E., Needham, L., Choi, A., Wang, Y., Berlin, M., &
Clarkson, T. W. (1998). Effects of Prenatal and Postnatal Methylmercury
Exposure From Fish Consumption on NeurodevelopmentOutcomes at 66
Months of Age in the Seychelles Child Development Study. JAMA, 280(8),
701-707. https://doi.org/10.1001/jama.280.8.701.

Dean, J. R., Deary, M. E., Gbefa, B. K., & Scott, W. C. (2004).

Characterisation and analysis of persistent organic pollutants and maijor,

75


https://doi.org/10.1016/j.chemosphere.2022.136453
https://doi.org/10.1289/ehp.02110s111
https://doi.org/10.1080/10408440600845619
https://cot.food.gov.uk/sites/default/files/cot/fishreport200406.pdf
https://cot.food.gov.uk/sites/default/files/cotstatementonmethylmercury.pdf
https://doi.org/10.3390/toxics11010010
https://doi.org/10.1001/jama.280.8.701

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

minor and trace elements in Calabash chalk. Chemosphere, 57(1), 21-25.
https://doi.org/10.1016/j.chemosphere.2004.05.023.

de Paula, H. K., Love, T. M., Pineda, D., Watson, G. E., Thurston, S. W.,
Yeates, A. J., Mulhern, M. S., McSorley, E. M., Strain, J. J., Shamlaye, C. F.,
Myers, G. J., Rand, M. D., van Wijngaarden, E., & Broberg, K. (2023). KEAP1
polymorphisms and neurodevelopmental outcomes in children with exposure
to prenatal MeHg from the Seychelles Child Development Study Nutrition
Cohort 2. NeuroToxicology, 99, 177-183.
https://doi.org/10.1016/j.neuro.2023.10.008.

Du, G., Zhou, F., Ouyang, L., Wang, K., Rao, S., Su, R., Zhu, Y., Guo, K,
Xiao, J., Xie, J., Li, Q., Feng, C., & Fan, G. (2023). Pregnancy and lactation
mixed exposure to lead, cadmium, and mercury alters maternal-offspring
single heavy metal load: A factorial design. International Journal of
Hygiene and Environmental Health, 248, 114113.
https://doi.org/10.1016/}.ijheh.2023.114113.

EFSA Panel on Contaminants in the Food Chain (CONTAM), (2008). Mercury
as undesirable substance in animal feed—Scientific opinion of the Panel on
Contaminants in the Food Chain. EFSA Journal, 6(4), 654.
https://doi.org/10.2903/j.efsa.2008.654.

EFSA Panel on Contaminants in the Food Chain (CONTAM). (2004). Opinion
of the Scientific Panel on contaminants in the food chain related to mercury
and methylmercury in food. EFSA Journal 2004; 2(3):34, 14 pp.
https://doi.org/10.2903/j.efsa.2004.34.

EFSA Panel on Contaminants in the Food Chain (CONTAM).

(2012). Scientific Opinion on the risk for public health related to the presence
of mercury and methylmercury in food. EFSA Journal 2012; 10(12):2985, 241
pp. https://doi.org/10.2903/j.efsa.2012.2985.

Endo T, Nakaya S, Kimura R. 1990. Mechanisms of absorption of inorganic

mercury from rat small intestine. |ll. Comparative absorption studies of

76


https://doi.org/10.1016/j.chemosphere.2004.05.023
https://doi.org/10.1016/j.neuro.2023.10.008
https://doi.org/10.1016/j.ijheh.2023.114113
https://doi.org/10.2903/j.efsa.2008.654
https://doi.org/10.2903/j.efsa.2004.34
https://doi.org/10.2903/j.efsa.2012.2985

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

inorganic mercuric compounds in vitro. Pharmacol Toxicol 66(5):347-
353. https://doi.org/10.1111/j.1600-0773.1990.tb00761 .x.

Environment Agency, 2009, Microsoft Word - 0901115 CLEA Report for
publication.doc (publishing.service.gov.uk). Accessed 20.04.22.

FAO/WHO. (1966). Specifications for the identity and purity of food additives
and their toxicological evaluation: some emulsifiers and stabilizers and certain
other substances: tenth report of the Joint FAO/WHO Expert Committee on
Food Additives. WHO technical report series; 373.

FAO/WHO. (1970). Evaluation of food additives: specifications for the identity
and purity of food additives and their toxicological evaluation, some extraction
solvents and certain other substances: fourteenth report of the Joint
FAO/WHO Expert Committee on Food Additives. WHO technical report

series; 462.

FAO/WHO. (1972). Evaluation of certain food additives and the contaminants
mercury, lead, and cadmium: Sixteenth report of the Joint FAO/WHO Expert
Committee on Food Additives. WHO technical report series; 505.

FAO/WHO. (1978). Evaluation of certain food additives: twenty-second report
of the Joint FAO/WHO Expert Committee on Food Additives. WHO technical

report series; 631.

FAO/WHO. (1988). Evaluation of certain food additives and contaminants:
thirty-third report of the Joint FAO/WHO Expert Committee on Food Additives.
WHO technical report series; 776.

FAO/WHO. (2004). Evaluation of certain food additives and contaminants:
Sixty-first report of the Joint FAO/WHO Expert Committee on Food Additives.
WHO technical report series; 922.

FAO/WHO. (2007). Evaluation of certain food additives and contaminants:
sixty-seventh report of the Joint FAO/WHO Expert Committee on Food
Additives. WHO technical report series; 940.

77


https://doi.org/10.1111/j.1600-0773.1990.tb00761.x
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

FAO/WHO. (2011). Safety evaluation of certain contaminants in food:
Prepared by the seventy-second meeting of the Joint FAO/WHO Expert
Committee on Food Additives. WHO technical report series; 959.

Farris, F. F., Dedrick, R. L., Allen, P. V., & Smith, J. C. (1993). Physiological
model for the pharmacokinetics of methyl mercury in the growing rat.
Toxicology and Applied Pharmacology, 119(1), 74-90.
https://doi.org/10.1006/taap.1993.1046.

Farris FF, Kaushal A, Strom JG. 2008. Inorganic mercury pharmacokinetics in
man: A twocompartment model. Toxicol Environ Chem 90(3):519-533.
http://doi.org/10.1080/027722407016027 36.

Fawcett, E. J., Fawcett, J. M., & Mazmanian, D. (2016). A meta-analysis of
the worldwide prevalence of pica during pregnancy and the postpartum
period. International Journal of Gynaecology and Obstetrics: The
Official Organ of the International Federation of Gynaecology and
Obstetrics, 133(3), 277-283. https://doi.org/10.1016/}.ij90.2015.10.012.

Golding, J., Taylor, C., lles-Caven, Y., & Gregory, S. (2022). The benefits of
fish intake: Results concerning prenatal mercury exposure and child
outcomes from the ALSPAC prebirth cohort. NeuroToxicology, 91, 22—-30.
https://doi.org/10.1016/j.neuro.2022.04.012.

Grandjean, P., Murata, K., Budtz-Jagrgensen, E., & Weihe, P. (2004). Cardiac
autonomic activity in methylmercury neurotoxicity: 14-year follow-up of a
Faroese birth cohort. The Journal of Pediatrics, 144(2), 169-176.
https://doi.org/10.1016/j.jpeds.2003.10.058.

Grandjean, P., Henriksen, J. E., Choi, A. L., Petersen, M. S., Dalgard, C.,
Nielsen, F., & Weihe, P. (2011). Marine Food Pollutants as a Risk Factor for
Hypoinsulinemia and Type 2 Diabetes. Epidemiology (Cambridge, Mass.),
22(3), 410—-417. https://doi.org/10.1097/EDE.0b013e318212fab9.

78


https://doi.org/10.1006/taap.1993.1046
http://doi.org/10.1080/02772240701602736
https://doi.org/10.1016/j.ijgo.2015.10.012
https://doi.org/10.1016/j.neuro.2022.04.012
https://doi.org/10.1016/j.jpeds.2003.10.058
https://doi.org/10.1097/EDE.0b013e318212fab9

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Grotto D, Barcelos GR, Valentini J, et al. 2009. Low levels of methylmercury
induce DNA damage in rats: protective effects of selenium. Arch Toxicol
83(3):249-254. https://doi.org/10.1007/s00204-008-0353-3.

Guo, B.-Q,, Cai, S.-Z., Guo, J.-L., Xu, J., Wu, W., Li, H., Zhou, X., Kim, D.-S.,
Yan, C.-H., & LU, H.-D. (2013). Levels of prenatal mercury exposure and their
relationships to neonatal anthropometry in Wujiang City, China.
Environmental Pollution, 182, 184—-189.
https://doi.org/10.1016/j.envpol.2013.07.023.

Hall LL, Allen PV, Fisher HL, et al. 1995. The kinetics of intravenously
administered inorganic mercury in humans. In: Subramanian KN, Wastney
ME, eds. Kinetic models of trace element and mineral metabolism. Boca
Raton, FL: CRC Press, 265-280.

Hanna, C. W., Bloom, M. S., Robinson, W. P., Kim, D., Parsons, P. J., vom
Saal, F. S., Taylor, J. A., Steuerwald, A. J., & Fujimoto, V. Y. (2012). DNA
methylation changes in whole blood is associated with exposure to the
environmental contaminants, mercury, lead, cadmium and bisphenol A, in
women undergoing ovarian stimulation for IVF. Human Reproduction, 27(5),
1401-1410. https://doi.org/10.1093/humrep/des038.

Haynes, W. M., Lide, D. R., & Bruno, T. J. (2016). CRC Handbook Of
Chemistry And Physics: a ready-reference book of chemical and
physical data. 2016-2017, 97th Edition / Boca Raton, Florida, CRC
Press. https://doi.org/10.1201/9781315380476.

Heath JC, Abdelmageed Y, Braden TD, et al. 2009. The effects of chronic
mercuric chloride ingestion in female Sprague-Dawley rats on fertility and
reproduction. Food Chem Toxicol 47(7):1600-1605.
http://doi.org/10.1016/j.fct.2009.04.007.

Heath JC, Abdelmageed Y, Braden TD, et al. 2012. The effects of chronic
ingestion of mercuric chloride on fertility and testosterone levels in male

79


https://doi.org/10.1007/s00204-008-0353-3
https://doi.org/10.1016/j.envpol.2013.07.023
https://doi.org/10.1093/humrep/des038
https://doi.org/10.1201/9781315380476
http://doi.org/10.1016/j.fct.2009.04.007

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Sprague Dawley rats. J Biomed Biotechnol 2012:1-9.
http://doi.org/10.1155/2012/815186.

Huang CF, Liu SH, Hsu CJ, et al. 2011. Neurotoxicological effects of low-dose
methylmercury and mercuric chloride in developing offspring mice. Toxicol
Lett 201(3):196-204. http://doi.org/10.1016/j.toxlet.2010.12.016.

Al-Saleh, I., Shinwari, N., Mashhour, A., & Rabah, A. (2014). Birth outcome
measures and maternal exposure to heavy metals (lead, cadmium and
mercury) in Saudi Arabian population. International Journal of Hygiene
and Environmental Health, 217(2), 205-218.
https://doi.org/10.1016/}.ijheh.2013.04.009.

IARC. 1993. Mercury and mercury compounds. IARC monographs on the
evaluation of carcinogenic risks to humans. Volume 58. Beryllium, cadmium,
mercury, and exposures in the glass manufacturing industry. Lyon, France:

International Agency for Research on Cancer. 239-345. |ARC Publications

Website - Beryllium, Cadmium, Mercury, and Exposures in the Glass

Manufacturing Industry November 11, 2020.

Ikegaya K, Nokihara K, Yasuhara T. 2010. Characterization of sulfhydryl
heterogeneity in human serum albumin and recombinant human serum
albumin for clinical use. Biosci Biotechnol Biochem 74(11):2232-2236.
http://doi.org/10.1271/bbb.100423.

Jarlhelt, I., Hansen, C. B., Pérez-Alds, L., Weihe, P., Petersen, M. S., &
Garred, P. (2024). SARS-CoV-2 anti-RBD and anti-N protein responses are
differentially regulated between mother-child pairs: Insight from a national
study cohort at the Faroe Islands. Frontiers in Immunology, 15.
https://doi.org/10.3389/fimmu.2024.1418678.

Jindal M, Garg GR, Mediratta PK, et al. 2011. Protective role of melatonin in
myocardial oxidative damage induced by mercury in murine model. Hum Exp
Toxicol 30(10):1489-1500. http://doi.org/10.1177/0960327110391685.

Kershaw T.G., Clarkson T.W., and Dhahir P.H., 1980. The relationship

between blood levels and dose of methylmercury in man. Archives of
80


http://doi.org/10.1155/2012/815186
http://doi.org/10.1016/j.toxlet.2010.12.016
https://doi.org/10.1016/j.ijheh.2013.04.009
https://publications.iarc.fr/76
https://publications.iarc.fr/76
https://publications.iarc.fr/76
http://doi.org/10.1271/bbb.100423
https://doi.org/10.3389/fimmu.2024.1418678
http://doi.org/10.1177/0960327110391685

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Environment Health, 35, 28-36.
https://doi.org/10.1080/00039896.1980.10667458.

Khan AT, Atkinson A, Graham TC, et al. 2004. Effects of inorganic mercury on
reproductive performance of mice. Food Chem Toxicol 42(4):571-577.
http://doi.org/10.1016/j.fct.2003.10.018.

Kim BM, Lee BE, Hong YC, et al. 2011. Mercury levels in maternal and cord
blood and attained weight through the 24 months of life. Sci Total Environ
410-411:26-33. http://doi.org/10.1016/j.scitotenv.2011.08.060.

Kim, Y., Ha, E.-H., Park, H., Ha, M., Kim, Y., Hong, Y.-C., Lee, E. J., Kim, H.,
Chang, N., & Kim, B.-N. (2018). Prenatal mercury exposure, fish intake and
neurocognitive development during first three years of life: Prospective cohort
mothers and Children’s environmental health (MOCEH) study. Science of
The Total Environment, 615, 1192—-1198.
https://doi.org/10.1016/j.scitotenv.2017.10.014.

Kupsco, A., Lee, J. J., Prada, D., Valvi, D., Hu, L., Petersen, M. S., Coull, B.
A., Weihe, P., Grandjean, P., & Baccarelli, A. A. (2022). Marine pollutant
exposures and human milk extracellular vesicle-microRNAs in a mother-infant
cohort from the Faroe Islands. Environment International, 158, 106986.
https://doi.org/10.1016/j.envint.2021.106986.

Laeter, J. R. de, Bohlke, J. K., Biévre, P. D., Hidaka, H., Peiser, H. S.,
Rosman, K. J. R., & Taylor, P. D. P. (2003). Atomic weights of the elements.
Review 2000 (IUPAC Technical Report). Pure and Applied Chemistry,
75(6), 683—800. https://doi.org/10.1351/pac200375060683.

Lash LH, Jones DP. 1985. Uptake of the glutathione conjugate S-(1,2-
dichlorovinyl)glutathione by renal basal-lateral membrane vesicles and
isolated kidney cells. Mol Pharmacol 28(3):278-282.

Lecavalier PR, Chu I, Villeneuve D, et al. 1994. Combined effects of mercury
and hexachlorobenzene in the rat. J Environ Sci Health B 29(5):951-961.
http://doi.org/10.1080/03601239409372911.

81


https://doi.org/10.1080/00039896.1980.10667458
http://doi.org/10.1016/j.fct.2003.10.018
http://doi.org/10.1016/j.scitotenv.2011.08.060
https://doi.org/10.1016/j.scitotenv.2017.10.014
https://doi.org/10.1016/j.envint.2021.106986
https://doi.org/10.1351/pac200375060683
http://doi.org/10.1080/03601239409372911

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Lee, B.-E., Hong, Y.-C., Park, H., Ha, M., Koo, B. S., Chang, N., Roh, Y.-M,,
Kim, B.-N., Kim, Y.-J., Kim, B.-M., Jo, S.-J., & Ha, E.-H. (2010). Interaction
between GSTM1/GSTT1 Polymorphism and Blood Mercury on Birth Weight.
Environmental Health Perspectives, 1718(3), 437—-443.
https://doi.org/10.1289/ehp.0900731.

Li H, Lin X, Zhao J, et al. 2019. Intestinal methylation and demethylation of
mercury. 102(5):597-604. http://doi.org/10.1007/s00128-018-2512-4.

Longo, V., Drago, G., Longo, A., Ruggieri, S., Sprovieri, M., Cibella, F., &
Colombo, P. (2022). A multipollutant low-grade exposure regulates the
expression of miR-30b, Let-7a and miR-223 in maternal sera: Evidence from
the NEHO cohort. Science of The Total Environment, 844, 157051.
https://doi.org/10.1016/j.scitotenv.2022.157051.

Loscalzo, J., & Handy, D. E. (2014). Epigenetic Modifications: Basic
Mechanisms and Role in Cardiovascular Disease (2013 Grover Conference
Series). Pulmonary Circulation, 4(2), 169-174.
https://doi.org/10.1086/675979.

Love, T. M., Wahlberg, K., Pineda, D., Watson, G. E., Zareba, G., Thurston,
S. W., Davidson, P. W., Shamlaye, C. F., Myers, G. J., Rand, M., van
Wijngaarden, E., & Broberg, K. (2022). Contribution of child ABC-transporter
genetics to prenatal MeHg exposure and neurodevelopment.
NeuroToxicology, 91, 228-233.
https://doi.org/10.1016/j.neuro.2022.05.019.

Lukacinova, A., Benacka, R., Sedlakova, E., Lovasova, E., & Nistiar, F.
(2012). Multigenerational lifetime low-dose exposure to heavy metals on
selected reproductive parameters in rats. Journal of Environmental
Science and Health. Part A, Toxic/Hazardous Substances &
Environmental Engineering, 47(9), 1280-1287.
https://doi.org/10.1080/10934529.2012.672132.

Lukacinova, A., Racz, O., Lovasova, E., & Nistiar, F. (2011). Effect of lifetime

low dose exposure to heavy metals on selected serum proteins of Wistar rats

82


https://doi.org/10.1289/ehp.0900731
http://doi.org/10.1007/s00128-018-2512-4
https://doi.org/10.1016/j.scitotenv.2022.157051
https://doi.org/10.1086/675979
https://doi.org/10.1016/j.neuro.2022.05.019
https://doi.org/10.1080/10934529.2012.672132

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

during three subsequent generations. Ecotoxicology and
Environmental Safety, 74(6), 1747-1755.
https://doi.org/10.1016/j.ecoenv.2011.04.017.

Vigeh, M., Nishioka, E., Ohtani, K., Omori, Y., Matsukawa, T., Koda, S., &
Yokoyama, K. (2018). Prenatal mercury exposure and birth weight.
Reproductive Toxicology, 76, 78-83.
https://doi.org/10.1016/j.reprotox.2018.01.002.

Maccani, J. Z. J., Koestler, D. C., Lester, B., Houseman, E. A., Armstrong, D.
A., Kelsey, K. T., & Marsit, C. J. (2015). Placental DNA Methylation Related to
Both Infant Toenail Mercury and Adverse Neurobehavioral Outcomes.
Environmental Health Perspectives, 123(7), 723—-729.
https://doi.org/10.1289/ehp.1408561.

Mackenzie, D. (2008). Faroe islanders told to stop eating ‘toxic’ whales.

New Scientist. Retrieved 16" August 2024, from Faroe islanders told to stop

eating 'toxic' whales | New Scientist.

Major-Smith, D., Heron, J., Fraser, A., Lawlor, D. A., Golding, J., &
Northstone, K. (2023). The Avon Longitudinal Study of Parents and Children
(ALSPAC): A 2022 update on the enrolled sample of mothers and the
associated baseline data. Wellcome Open Research, 7, 283.
https://doi.org/10.12688/wellcomeopenres.18564.2.

McClam, M., Liu, J., Fan, Y., Zhan, T., Zhang, Q., Porter, D. E., Scott, G. |., &
Xiao, S. (2023). Associations between exposure to cadmium, lead, mercury
and mixtures and women'’s infertility and long-term amenorrhea. Archives of
Public Health = Archives Belges De Sante Publique, 81(1), 161.
https://doi.org/10.1186/s13690-023-01172-6.

McSorley, E. M., van Wijngaarden, E., Yeates, A. J., Spence, T., Mulhern, M.
S., Harrington, D., Thurston, S. W., Love, T., Jusko, T. A., Allsopp, P. J.,

Conway, M. C., Davidson, P. W., Myers, G. J., Watson, G. E., Shamlaye, C.
F., & Strain, J. J. (2020). Methylmercury and long chain polyunsaturated fatty

83


https://doi.org/10.1016/j.ecoenv.2011.04.017
https://doi.org/10.1016/j.reprotox.2018.01.002
https://doi.org/10.1289/ehp.1408561
https://www.newscientist.com/article/dn16159-faroe-islanders-told-to-stop-eating-toxic-whales/
https://www.newscientist.com/article/dn16159-faroe-islanders-told-to-stop-eating-toxic-whales/
https://doi.org/10.12688/wellcomeopenres.18564.2
https://doi.org/10.1186/s13690-023-01172-6

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

acids are associated with immune dysregulation in young adults from the
Seychelles child development study. Environmental Research, 183, 109072.
https://doi.org/10.1016/j.envres.2019.109072.

Miklavci€, A., Cuderman, P., Mazej, D., Snoj Tratnik, J., Krsnik, M., PlaninSek,
P., Osredkar, J., & Horvat, M. (2011). Biomarkers of low-level mercury
exposure through fish consumption in pregnant and lactating Slovenian
women. Environmental Research, 111(8), 1201-1207.
https://doi.org/10.1016/j.envres.2011.07.006.

Molina-Mesa, S., Martinez-Cendan, J. P., Moyano-Rubiales, D., Cubillas-
Rodriguez, |., Molina-Garcia, J., & Gonzalez-Mesa, E. (2022). Detection of
Relevant Heavy Metal Concentrations in Human Placental Tissue:
Relationship between the Concentrations of Hg, As, Pb and Cd and the Diet
of the Pregnant Woman. International Journal of Environmental Research
and Public Health, 19(22), 14731. https://doi.org/10.3390/ijerph192214731.

Mozaffarian, D., Shi, P., Morris, J. S., Spiegelman, D., Grandjean, P.,
Siscovick, D. S., Willett, W. C., & Rimm, E. B. (2011). Mercury exposure and
risk of cardiovascular disease in two U.S. cohorts. The New England
Journal of Medicine, 364(12), 1116-1125.
https://doi.org/10.1056/NEJM0a1006876.

Myers, G. J., Davidson, P. W., Cox, C., Shamlaye, C. F., Palumbo, D.,
Cernichiari, E., Sloane-Reeves, J., Wilding, G. E., Kost, J., Huang, L.-S., &
Clarkson, T. W. (2003). Prenatal methylmercury exposure from ocean fish
consumption in the Seychelles child development study. The Lancet,
361(9370), 1686—1692. https://doi.org/10.1016/S0140-6736(03)13371-5.

NRC (National Research Council), 2000. Toxicological effects of
methylmercury. Committee on the Toxicological Effects of Methylmercury,
Board on Environmental Studies and Toxicology, Commission on Life
Sciences, National Research Council. Washington, DC: National Academy
Press. https://doi.org/10.17226/9899.

84


https://doi.org/10.1016/j.envres.2019.109072
https://doi.org/10.1016/j.envres.2011.07.006
https://doi.org/10.3390/ijerph192214731
https://doi.org/10.1056/NEJMoa1006876
https://doi.org/10.1016/S0140-6736(03)13371-5
https://doi.org/10.17226/9899

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

NTP. 1993. Toxicology and carcinogenesis studies of mercuric chloride (CAS
no. 7487-94-7) in F344/N rats and B6C3F1 mice (gavage studies). Research
Triangle Park, NC: National Toxicology Program. NTP TR 408. NIH
publication no. 91-3139.

NTP (National Toxicology Program). (1993). Toxicology and Carcinogenesis
Studies of Mercuric Chloride (CAS No. 7487-94-7) in F344 Rats and B6C3F1
Mice (Gavage Studies). National Toxicology Program Technical Report
Series, 408, 1-260. Abstract for TR-408.

NTP. 2016. Mercury. 14th Report on carcinogens. National Toxicology
Program. 2016 Annual Report (PDF).

Onishchenko, N., Karpova, N., Sabri, F., Castrén, E., & Ceccatelli, S. (2008).
Long-lasting depression-like behavior and epigenetic changes of BDNF gene
expression induced by perinatal exposure to methylmercury. Journal of
Neurochemistry, 106(3), 1378-1387. https://doi.org/10.1111/j.1471-
4159.2008.05484.x

Orlando, M. S., Dziorny, A. C., Love, T., Harrington, D., Shamlaye, C. F.,
Watson, G., Van Wijngaarden, E., Zareba, G., Davidson, P. W., Mulhern, M.
S., McSorley, E. M., Yeates, A. J., Strain, J. J., & Myers, G. J. (2020).
Association of Audiometric Measures with plasma long chain polyunsaturated
fatty acids in a high-fish eating population: The Seychelles Child Development
Study. NeuroToxicology, 77, 137—144.
https://doi.org/10.1016/j.neuro.2020.01.005.

Otte P, Lijzen J., Otte J., Swartjes F., Versluijs C., (2001). Evaluation and
revision of the CSOIL parameter set. RIVM Report 711701021. Bilthoven:

National Institute of Public Health and Environment.

Oulhote, Y., Coull, B., Bind, M.-A., Debes, F., Nielsen, F., Tamayo, |., Weihe,
P., & Grandjean, P. (2019). Joint and independent neurotoxic effects of early

life exposures to a chemical mixture: A multi-pollutant approach combining

85


https://ntp.niehs.nih.gov/publications/reports/tr/tr408
https://ntp.niehs.nih.gov/sites/default/files/annualreport/2016/2016annualreportdownload.pdf
https://doi.org/10.1111/j.1471-4159.2008.05484.x
https://doi.org/10.1111/j.1471-4159.2008.05484.x
https://doi.org/10.1016/j.neuro.2020.01.005

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

ensemble learning and G-computation. Environmental Epidemiology, 3(5),
e063. https://doi.org/10.1097/EE9.0000000000000063.

Park, J. D., Zheng, J. D. W. (2012). Human Exposure and Health Effects of
Inorganic and Elemental Mercury. Journal of Preventive Medicine and Public
Health, 45(6), 344—-352. DOI: https://doi.org/10.3961/jpmph.2012.45.6.344.

Miao, D., Young, S. L., & Golden, C. D. (2015). A meta-analysis of pica and
micronutrient status. American Journal of Human Biology, 27(1), 84-93.
https://doi.org/10.1002/ajhb.22598.

Perry HM, Erlanger MW. 1974. Metal-induced hypertension following chronic
feeding of low doses of cadmium and mercury. J Lab Clin Med 83(4):541-
547.

Rahola T, Aaran RK, Miettinen JK. 1972. Half-time studies of mercury and
cadmium by whole-body counting. Assess Radioactiv Contam March:553-
562.

Rahola T, Hattula T, Korolainen A, et al. 1973. Elimination of free and protein-
bound ionic mercury 203Hg2+ in man. Ann Clin Res 5(4):214-219.

Roberts, C.; Steer, T.; Maplethorpe, N.; Cox, L.; Meadows, S.; Page, P.;
Nicholson, S.; Swan, G. (2018) National Diet and Nutrition Survey Results
from Years 7 and 8 (combined) of the Rolling Programme (2014/2015 —
2015/2016) National Diet and Nutrition Survey.

Thomas, S., Arbuckle, T. E., Fisher, M., Fraser, W. D., Ettinger, A., & King, W.
(2015). Metals exposure and risk of small-for-gestational age birth in a
Canadian birth cohort: The MIREC study. Environmental Research, 140,
430—439. https://doi.org/10.1016/j.envres.2015.04.018.

Sakamoto, M., Chan, H. M., Domingo, J. L., Kawakami, S., & Murata, K.
(2012). Mercury and docosahexaenoic acid levels in maternal and cord blood

in relation to segmental maternal hair mercury concentrations at parturition.

86


https://doi.org/10.1097/EE9.0000000000000063
https://doi.org/10.3961/jpmph.2012.45.6.344
https://doi.org/10.1002/ajhb.22598
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/699241/NDNS_results_years_7_and_8.pdf
https://doi.org/10.1016/j.envres.2015.04.018

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Environment International, 44, 112-117.
https://doi.org/10.1016/j.envint.2012.02.007.

Sakamoto, M., Kaneoka, T., Murata, K., Nakai, K., Satoh, H., & Akagi, H.
(2007). Correlations between mercury concentrations in umbilical cord tissue
and other biomarkers of fetal exposure to methylmercury in the Japanese
population. Environmental Research, 103(1), 106—-111.
https://doi.org/10.1016/j.envres.2006.03.004.

Sakamoto, M., Chan, H. M., Domingo, J. L., Koriyama, C., & Murata, K.
(2018). Placental transfer and levels of mercury, selenium, vitamin E, and
docosahexaenoic acid in maternal and umbilical cord blood. Environment
International, 111, 309-315. https://doi.org/10.1016/j.envint.2017.11.001.

Sanders, A. P., Burris, H. H., Just, A. C., Motta, V., Amarasiriwardena, C.,
Svensson, K., Oken, E., Solano-Gonzalez, M., Mercado-Garcia, A., Pantic, I.,
Schwartz, J., Tellez-Rojo, M. M., Baccarelli, A. A., & Wright, R. O. (2015).
Altered miRNA Expression in the Cervix During Pregnancy Associated with
Lead and Mercury Exposure. Epigenomics, 7(6), 885-896.
https://doi.org/10.2217/epi.15.54.

Shamlaye, C. F., Marsh, D. O., Myers, G. J., Cox, C., Davidson, P. W.,
Choisy, O., Cernichiari, E., Choi, A., Tanner, M. A., & Clarkson, T. W. (1995).
The Seychelles child development study on neurodevelopmental outcomes in
children following in utero exposure to methylmercury from a maternal fish

diet: Background and demographics. Neurotoxicology, 16(4), 597-612.

Sheehan, M. C., Burke, T. A., Navas-Acien, A., Breysse, P. N., McGready, J.,
& Fox, M. A. (2014). Global methylmercury exposure from seafood
consumption and risk of developmental neurotoxicity: A systematic review.
Bulletin of the World Health Organization, 92(4), 254-269F.
https://doi.org/10.2471/BLT.12.116152.

Sherman LS, Blum JD, Franzblau A, et al. (2013). New insight into biomarkers

of human mercury exposure using naturally occurring mercury stable

87


https://doi.org/10.1016/j.envint.2012.02.007
https://doi.org/10.1016/j.envres.2006.03.004
https://doi.org/10.1016/j.envint.2017.11.001
https://doi.org/10.2217/epi.15.54
https://doi.org/10.2471/BLT.12.116152

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

isotopes. Environ Sci Technol 47(7):3403-3409.
http://doi.org/10.1021/es305250z.

Sloane-Reeves, J., Davidson, P. W., Myers, G. J., Shamlaye, C., Leste, A.,
Huang, L. S., & Thurston, S. (2020). Scholastic achievement among children
enrolled in the Seychelles Child Development Study. NeuroToxicology, 81,
347-352. https://doi.org/10.1016/j.neuro.2020.09.027.

Saerensen, N., Murata, K., Budtz-Jargensen, E., Weihe, P., & Grandjean, P.
(1999). Prenatal methylmercury exposure as a cardiovascular risk factor at

seven years of age. Epidemiology (Cambridge, Mass.), 10(4), 370-375.

Strain, J., Love, T. M., Yeates, A. J., Weller, D., Mulhern, M. S., McSorley, E.
M., Thurston, S. W., Watson, G. E., Mruzek, D., Broberg, K., Rand, M. D.,
Henderson, J., Shamlaye, C. F., Myers, G. J., Davidson, P. W., & van
Wijngaarden, E. (2021). Associations of prenatal methylmercury exposure
and maternal polyunsaturated fatty acid status with neurodevelopmental
outcomes at 7 years of age: Results from the Seychelles Child Development
Study Nutrition Cohort 2. The American Journal of Clinical Nutrition,
113(2), 304-313. https://doi.org/10.1093/ajcn/nqgaa338.

Strain, J., Yeates, A. J., van Wijngaarden, E., Thurston, S. W., Mulhern, M. S.,
McSorley, E. M., Watson, G. E., Love, T. M., Smith, T. H., Yost, K.,
Harrington, D., Shamlaye, C. F., Henderson, J., Myers, G. J., & Davidson, P.
W. (2015). Prenatal exposure to methyl mercury from fish consumption and
polyunsaturated fatty acids: Associations with child development at 20 mo of
age in an observational study in the Republic of Seychelles1234. The
American Journal of Clinical Nutrition, 101(3), 530-537.
https://doi.org/10.3945/ajcn.114.100503.

Suda, |., Totoki, S., Uchida, T., & Takahashi, H. (1992). Degradation of methyl
and ethyl mercury into inorganic mercury by various phagocytic cells.
Archives of Toxicology, 66(1), 40—44. https://doi.org/10.1007/BF02307268.

88


http://doi.org/10.1021/es305250z
https://doi.org/10.1016/j.neuro.2020.09.027
https://doi.org/10.1093/ajcn/nqaa338
https://doi.org/10.3945/ajcn.114.100503
https://doi.org/10.1007/BF02307268

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Syversen, T., and Kaur, P. (2012). The toxicology of mercury and its
compounds. Journal of Trace Elements in Medicine and Biology, 26(4), 215-
226. https://doi.org/10.1016/j.jtemb.2012.02.004.

Szasz, A., Barna, B., Gajda, Z., Galbacs, G., Kirsch-Volders, M., & Szente, M.
(2002). Effects of continuous low-dose exposure to organic and inorganic
mercury during development on epileptogenicity in rats. Neurotoxicology,
23(2), 197-206. https://doi.org/10.1016/s0161-813x(02)00022-0.

Takahashi, H., Nomiyama, H., & Nomiyama, K. (2000b). Mercury elevates
systolic blood pressure in spontaneously hypertensive rats. The Journal
of Trace Elements in Experimental Medicine, 13(2), 227-237. Mercury

elevates systolic blood pressure in spontaneously hypertensive rats -

Takahashi - 2000 - The Journal of Trace Elements in Experimental

Medicine - Wiley Online Library.

Takahashi, H., Nomiyama, H., & Nomiyama, K. (2000a). Mercury exposure
does not elevate systolic blood pressure in normotensive rats. The Journal
of Trace Elements in Experimental Medicine, 13(2), 239-247. Mercury

exposure does not elevate systolic blood pressure in normotensive rats.

Tanaka, T., Naganuma, A., & Imura, N. (1992). Routes for renal transport of
methylmercury in mice. European Journal of Pharmacology:
Environmental Toxicology and Pharmacology, 228(1), 9-14.
https://doi.org/10.1016/0926- 6917(92)90005-W.

Tanaka-Kagawa, T., Naganuma, A., & Imura, N. (1993). Tubular secretion
and reabsorption of mercury compounds in mouse kidney. The Journal of

Pharmacology and Experimental Therapeutics, 264(2), 776-782.

Thomas, S., Arbuckle, T. E., Fisher, M., Fraser, W. D., Ettinger, A., & King, W.
(2015). Metals exposure and risk of small-for-gestational age birth in a
Canadian birth cohort: The MIREC study. Environmental Research, 140,
430—439. https://doi.org/10.1016/j.envres.2015.04.018.

89


https://doi.org/10.1016/j.jtemb.2012.02.004
https://doi.org/10.1016/s0161-813x(02)00022-0
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1520-670X(2000)13:2%3C227::AID-JTRA6%3E3.0.CO;2-F
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1520-670X(2000)13:2%3C227::AID-JTRA6%3E3.0.CO;2-F
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1520-670X(2000)13:2%3C227::AID-JTRA6%3E3.0.CO;2-F
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1520-670X(2000)13:2%3C227::AID-JTRA6%3E3.0.CO;2-F
https://www.researchgate.net/publication/246853256_Mercury_exposure_does_not_elevate_systolic_blood_pressure_in_normotensive_rats
https://www.researchgate.net/publication/246853256_Mercury_exposure_does_not_elevate_systolic_blood_pressure_in_normotensive_rats
https://doi.org/10.1016/0926-6917(92)90005-W
https://doi.org/10.1016/0926-6917(92)90005-W
https://doi.org/10.1016/j.envres.2015.04.018

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Thurston, S. W., Bovet, P., Myers, G. J., Davidson, P. W., Georger, L. A,
Shamlaye, C., & Clarkson, T. W. (2007). Does prenatal methylmercury
exposure from fish consumption affect blood pressure in childhood?
Neurotoxicology, 28(5), 924—930. https://doi.org/10.1016/j.neuro.2007.06.002.

Tincu, R. C., Cobilinschi, C., Florea, I., Cotae, A. M., Baetu, A,, Isac, S.,
Ungureanu, R., Droc, G., Grintescu, |., & Mirea, L. (2022). Effects of Low-
Level Organic Mercury Exposure on Oxidative Stress Profile. Processes, 10,
2388. https://doi.org/10.3390/pr10112388.

Tokar, E. J., Boyd, W. A., Freedman, J. H., & Waalkes, M. P. (2012). Toxic
Effects of Metals. In Casarett and Doull’s Toxicology: The Basic Science

of Poisons, 8e (1-Book, Section). McGraw-Hill Education. Toxic Effects of

Metals | Casarett and Doull's Toxicology: The Basic Science of Poisons, 8e |

AccessPharmacy | McGraw Hill Medical.

University of Rochester Medical Center. (2024). Seychelles Child
Development Study — Scientific Approach. Retrieved 16 August 2024, from

urmc.rochester.edu/labs/seychelles/scientific-approach.

Valera, B., Muckle, G., Poirier, P., Jacobson, S. W., Jacobson, J. L., &
Dewailly, E. (2012). Cardiac autonomic activity and blood pressure among
Inuit children exposed to mercury. Neurotoxicology, 33(5), 1067-1074.
https://doi.org/10.1016/j.neuro.2012.05.005.

Van Wijngaarden, E., Thurston, S. W., Myers, G. J., Strain, J. J., Weiss, B.,
Zarcone, T., Watson, G. E., Zareba, G., McSorley, E. M., Mulhern, M. S.,
Yeates, A. J., Henderson, J., Gedeon, J., Shamlaye, C. F., & Davidson, P. W.
(2013). Prenatal methyl mercury exposure in relation to neurodevelopment
and behavior at 19 years of age in the Seychelles Child Development Study.
Neurotoxicology and Teratology, 39, 19-25.
https://doi.org/10.1016/j.ntt.2013.06.003.

Vigeh, M., Nishioka, E., Ohtani, K., Omori, Y., Matsukawa, T., Koda, S., &

Yokoyama, K. (2018). Prenatal mercury exposure and birth weight.

90


https://doi.org/10.1016/j.neuro.2007.06.002
https://doi.org/10.3390/pr10112388
https://accesspharmacy.mhmedical.com/content.aspx?bookid=958&sectionid=53483748
https://accesspharmacy.mhmedical.com/content.aspx?bookid=958&sectionid=53483748
https://accesspharmacy.mhmedical.com/content.aspx?bookid=958&sectionid=53483748
https://www.urmc.rochester.edu/labs/seychelles/scientific-approach
https://doi.org/10.1016/j.neuro.2012.05.005
https://doi.org/10.1016/j.ntt.2013.06.003

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Reproductive Toxicology, 76, 78-83.
https://doi.org/10.1016/j.reprotox.2018.01.002.

Wang, G., DiBari, J., Bind, E., Steffens, A. M., Mukherjee, J., Bartell, T. R,,
Bellinger, D. C., Hong, X., Ji, Y., Wang, M.-C., Wills-Karp, M., Cheng, T. L., &
Wang, X. (2019). In utero exposure to mercury and childhood overweight or
obesity: Counteracting effect of maternal folate status. BMC Medicine, 17(1),
216. https://doi.org/10.1186/s12916-019-1442-2.

Wang, X., Pu, Y., Ai, S., Liu, H., He, S., Li, Z., & Dang, Y. (2022).
Associations of maternal blood mercury with preeclampsia and birth
outcomes. Clinica Chimica Acta, 531, 361-367.
https://doi.org/10.1016/j.cca.2022.04.991.

Weihe, P., & Grandjean, P. (2012). Cohort studies of Faroese children
concerning potential adverse health effects after the mothers’ exposure to
marine contaminants during pregnancy. Acta Veterinaria Scandinavica,
54(1), S7. https://doi.org/10.1186/1751-0147-54-S1-S7.

Wesolowska, M., Yeates, A. J., McSorley, E. M., Watson, G. E., van
Wijngaarden, E., Bodin, N., Govinden, R., Jean-Baptiste, J., Desnousse, S.,
Shamlaye, C. F., Myers, G. J., Strain, J. J., & Mulhern, M. S. (2024). Dietary
selenium and mercury intakes from fish consumption during pregnancy:
Seychelles Child Development Study Nutrition Cohort 2. Neuro Toxicology,
101, 1-5. https://doi.org/10.1016/j.neuro.2023.12.012.

WHALING.FO (Whales and whaling in the Faroe Islands). (2024). 450 Years
of Statistics. Retrieved 16 August 2024, from 450 Years of Statistics —.

WHO & International Programme on Chemical Safety

(IPCS). (1990). Methylmercury / published under the joint sponsorship
of the United Nations Environment Programme, the International
Labour Organisation, and the World Health Organization. World Health
Organization. https://iris.who.int/handle/10665/38082.

91


https://doi.org/10.1016/j.reprotox.2018.01.002
https://doi.org/10.1186/s12916-019-1442-2
https://doi.org/10.1016/j.cca.2022.04.991
https://doi.org/10.1186/1751-0147-54-S1-S7
https://doi.org/10.1016/j.neuro.2023.12.012
https://www.whaling.fo/en/regulated/450-years-of-statistics
https://iris.who.int/handle/10665/38082

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

WHO (World Health Organization), 2008. Guidance for Identifying Populations
at Risk from Mercury Exposure. August 2008. Issued by UNEP DTIE
Chemicals Branch and WHO Department of Food Safety, Zoonoses and

Foodborne Diseases. 176 pp.

WHO, (2017). Mercury and health Fact Sheet. Available online Mercury accessed
July 2024.

Wildemann, T. M., Mirhosseini, N., Siciliano, S. D., & Weber, L. P. (2015a).
Cardiovascular responses to lead are biphasic, while methylmercury, but not
inorganic mercury, monotonically increases blood pressure in rats.
Toxicology, 328, 1-11. https://doi.org/10.1016/j.tox.2014.11.009.

Wildemann, T. M., Siciliano, S. D., & Weber, L. P. (2016). The mechanisms
associated with the development of hypertension after exposure to lead,
mercury species or their mixtures differs with the metal and the mixture ratio.
Toxicology, 339, 1-8. https://doi.org/10.1016/j.tox.2015.11.004.

Wildemann, T. M., Weber, L. P., & Siciliano, S. D. (2015b). Combined
exposure to lead, inorganic mercury and methylmercury shows deviation from
additivity for cardiovascular toxicity in rats. Journal of Applied Toxicology:
JAT, 35(8), 918-926. https://doi.org/10.1002/jat.3092.

Wu, Y.-S., Osman, A. |, Hosny, M., Elgarahy, A. M., Eltaweil, A. S., Rooney,
D. W., Chen, Z., Rahim, N. S., Sekar, M., Gopinath, S. C. B., Mat Rani, N. N.
l., Batumalaie, K., & Yap, P.-S. (2024). The Toxicity of Mercury and lIts
Chemical Compounds: Molecular Mechanisms and Environmental and
Human Health Implications: A Comprehensive Review. ACS Omega, 9(5),
5100-5126. https://doi.org/10.1021/acsomega.3c07047.

Xu, Y., Wahlberg, K., Love, T. M., Watson, G. E., Yeates, A. J., Mulhern, M.
S., McSorley, E. M., Strain, J. J., Davidson, P. W., Shamlaye, C. F., Rand, M.
D., Myers, G. J., van Wijngaarden, E., & Broberg, K. (2019). Associations of
blood mercury and fatty acid concentrations with blood mitochondrial DNA

copy number in the Seychelles Child Development Nutrition Study.

92


https://www.who.int/en/news-room/fact-sheets/detail/mercury-and-health
https://doi.org/10.1016/j.tox.2014.11.009
https://doi.org/10.1016/j.tox.2015.11.004
https://doi.org/10.1002/jat.3092
https://doi.org/10.1021/acsomega.3c07047

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

Environment International, 124, 278-283.
https://doi.org/10.1016/j.envint.2019.01.019.

Yaginuma-Sakurai, K., Murata, K., lwai-Shimada, M., Nakai, K., Kurokawa,
N., Tatsuta, N., & Satoh, H. (2012). Hair-to-blood ratio and biological half-life
of mercury: Experimental study of methylmercury exposure through fish
consumption in humans. The Journal of Toxicological Sciences, 37(1),
123-130. https://doi.org/10.2131/jts.37.123.

Yeates, A. J., Zavez, A., Thurston, S. W., McSorley, E. M., Mulhern, M. S.,
Alhamdow, A., Engstrom, K., Wahlberg, K., Strain, J. J., Watson, G. E.,
Myers, G. J., Davidson, P. W., Shamlaye, C. F., Broberg, K., & van
Wijngaarden, E. (2020). Maternal Long-Chain Polyunsaturated Fatty Acid
Status, Methylmercury Exposure, and Birth Outcomes in a High-Fish-Eating
Mother—Child Cohort. The Journal of Nutrition, 150(7), 1749-1756.
https://doi.org/10.1093/jn/nxaa131.

Young, E. C., Davidson, P. W., Wilding, G., Myers, G. J., Shamlaye, C., Cox,
C., de Broeck, J., Bennett, C. M., & Reeves, J. S. (2020). Association
between prenatal dietary methyl mercury exposure and developmental
outcomes on acquisition of articulatory-phonologic skills in children in the
Republic of Seychelles. NeuroToxicology, 81, 353-357.
https://doi.org/10.1016/j.neuro.2020.09.028.

Yu, Y., Gao, M., Wang, X., Guo, Y., Pang, Y., Yan, H., Hao, Y., Zhang, Y.,
Zhang, L., Ye, R., Wang, B., & Li, Z. (2019). Recommended acceptable levels
of maternal serum typical toxic metals from the perspective of spontaneous
preterm birth in Shanxi Province, China. Science of The Total Environment,
686, 599-605. https://doi.org/10.1016/j.scitotenv.2019.05.413.

Zareba, W., Thurston, S. W., Zareba, G., Couderc, J. P., Evans, K., Xia, J.,
Watson, G. E., Strain, J. J., McSorley, E., Yeates, A., Mulhern, M., Shamlaye,
C. F., Bovet, P., Van Wijngaarden, E., Davidson, P. W., & Myers, G. J. (2019).

Prenatal and recent methylmercury exposure and heart rate variability in

93


https://doi.org/10.1016/j.envint.2019.01.019
https://doi.org/10.2131/jts.37.123
https://doi.org/10.1093/jn/nxaa131
https://doi.org/10.1016/j.neuro.2020.09.028
https://doi.org/10.1016/j.scitotenv.2019.05.413

This is a paper for discussion. This does not represent the views of the
Committee and should not be cited.

young adults: The Seychelles Child Development Study. Neurotoxicology and
Teratology, 74, 106810. https://doi.org/10.1016/j.ntt.2019.106810.

Zareba, W., Thurston, S. W., Zareba, G., Couderc, J. P., Evans, K., Xia, J.,
Watson, G. E., Strain, J. J., McSorley, E., Yeates, A., Mulhern, M., Shamlaye,
C. F., Bovet, P., Van Wijngaarden, E., Davidson, P. W., & Myers, G. J. (2019).
Prenatal and recent methylmercury exposure and heart rate variability in
young adults: The Seychelles Child Development Study. Neurotoxicology
and Teratology, 74, 106810. https://doi.org/10.1016/j.ntt.2019.106810.

Zhang, T., Wang, X., Luo, Z.-C., Liu, J., Chen, Y., Fan, P., Ma, R., Ma, J,,
Luo, K., Yan, C.-H., Zhang, J., Ouyang, F., & Shanghai Birth Cohort. (2023).
Maternal blood concentrations of toxic metal(loid)s and trace elements from
preconception to pregnancy and transplacental passage to fetuses.
Ecotoxicology and Environmental Safety, 264, 115394.
https://doi.org/10.1016/j.ecoenv.2023.115394.

94


https://doi.org/10.1016/j.ntt.2019.106810
https://doi.org/10.1016/j.ntt.2019.106810
https://doi.org/10.1016/j.ecoenv.2023.115394

	TOX/2025/03
	Committee on the Toxicity of Chemicals in Food, Consumer Products and the Environment (COT)
	Discussion paper on the effects of mercury on maternal health
	Introduction
	Background
	Previous evaluations
	Joint Food and Agriculture Organisation of the United Nations (FAO)/ World Health Organisation (WHO) Expert Committee on Food Additives (JECFA)
	Opinion of the EFSA Scientific Panel on Contaminants in the Food Chain (CONTAM) on a request from the Commission related to mercury and methylmercury in food, 2004.
	Scientific Opinion on the risk for public health related to the presence of mercury and methylmercury in food. EFSA Panel on CONTAM, 2012
	COT Statement on potential risks from methylmercury in the diet of infants aged 0 to 12 months and children aged 1 to 5 years, 2018

	Hazard Identification
	ADME
	Inorganic mercury
	Absorption
	Distribution
	Metabolism
	Excretion

	Organic mercury
	Absorption
	Distribution
	Metabolism
	Excretion



	Toxicity
	Reviews of mercury toxicity

	Reproductive toxicology
	Blood pressure
	Inorganic mercury
	Organic mercury


	Pregnancy outcomes
	Inorganic mercury
	Organic mercury

	Effects on maternal health
	Biomarkers of mercury exposure
	Epigenetic alterations via mercury exposure
	Studies published on the Seychelles and Faroe Islands cohorts since the 2018 COT statement on MeHg in the infant and child diet
	Faroe Islands Cohorts
	Seychelles Child Development Study
	Main Cohort of the Seychelles Child Development Study
	Nutrition Cohort 2 of the Seychelles Child Development Study


	Hazard Characterisation
	Derivation of HBGV for MeHg JECFA, 2004
	EFSA, 2012
	Derivation of HBGV for inorganic mercury JECFA, 2011
	EFSA CONTAM Panel, 2012
	COT, 2018

	Exposure assessment
	Exposure from food
	Exposure from drinking water
	Exposure from the air
	Exposure from the soil
	Pica behaviour

	Aggregate exposure
	Food
	Drinking water
	Air
	Soil
	Aggregate characterisation

	Conclusions
	Questions for the Committee
	List of Abbreviations and Technical terms
	Search terms
	References

