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State Minister’s Greetings

Good afternoon. I’'m Shigeo Kitamura, State
Minister for the Environment. I’ve come today to
Minamata, where the Minamata Convention was
adopted, to offer a few words of encouragement to
you, the researchers at the frontlines of research into
mercury in Japan and the world.

The United Nations Environmental Programme,
or UNEP, acts as the provisional secretariat for the Shigeo Kitamura

. . State Minister for the
Minamata Convention on Mercury. It warns that Environment, JAPAN
mercury continues to accumulate on the earth’s
surface as a result of human industrial activity and is reaching levels that will impact
human health and the environment on a global scale. | believe that now is the time to
advance global strategies to prevent this problem from being passed on as a negative

legacy to future generations.

To eliminate the damage from mercury pollution worldwide, the Japanese
Government and the Ministry of the Environment are determined to go beyond the
minimum measures sought under the Convention. We are stepping up our efforts, for
example through aid for developing countries that makes use of Japan’s excellent
mercury control technologies.

I am confident that the research results of all of you attending this NIMD Forum at
the National Institute for Minamata Disease today will play a great role in the
resolution of this worldwide problem.

Lastly, I hope that you will continue your tremendous efforts in this difficult
struggle, for the future of Japan and the world.

Thank you very much.

Shigeo Kitamura
State Minister of the Environment, Japan



Significance of fingernail and toenail mercury concentrations as biomarkers for

prenatal methylmercury exposure

Mineshi Sakamotoa*, Hing Man Chan, José L Domingo, Ricardo B Oliveira, Shoichi
Kawakami, Katsuyuki Murata
*Department of Environmental Sciences and Epidemiology, National Institute for Minamata

Disease, Minamata, Japan

Objective: To investigate the appropriateness of mercury (Hg) concentrations in fingernails and
toenails at parturition for detecting prenatal exposure to methylmercury (MeHg).

Methods: Total Hg concentrations were measured in 54 paired samples of fingernails, toenails,
maternal blood, and maternal hair (1cm incremental segments from the scalp toward the tip)
collected at 4th weeks of (early) pregnancy, and the same specimens and cord blood collected at
parturition.

Results: Strong correlations were observed between Hg concentrations in fingernails and toenails at
early pregnancy (r=0.923, p<0.01) and at parturition (r=0.895, p<0.01). At early pregnancy, Hg
concentrations in fingernails and toenails showed the strongest correlations with those in hair 3-4 cm
from the scalp. Mercury concentrations in fingernails and toenails at parturition represented strong
correlations with those in cord blood (r=0.803, p<0.01 for fingernails and r=0.792, p<0.01 for
toenails, respectively). At parturition, Hg concentrations in fingernails had the highest correlation
with those in hair 0-1 cm from the scalp (r=0.918, p<0.01), and Hg concentrations in toenails
showed the highest correlation with those in hair at 2-3 cm from the scalp (r=0.872, p<0.01). In
addition, the correlation coefficients of Hg concentrations between nails and hair segments at
parturition were equally high among hair at 0-1, 1-2, and 2-3 cm from the scalp.

Conclusion: This is the first comprehensive study investigating the appropriateness of using Hg
concentrations in fingernails and toenails as biomarkers for maternal and fetal MeHg exposure at
parturition, compared with those at early pregnancy. Mercury in fingernails and toenails at early
pregnancy reflected the maternal Hg body burden level approximately 5 months retroactively. At
parturition, Hg levels in fingernails and toenails also showed strong correlations with those in cord
blood. In addition, Hg levels in fingernails and toenails at parturition reflected MeHg levels
throughout third-trimester of gestation. These results suggest that fingernails and toenails at
parturition are useful biomarkers for prenatal MeHg exposure for mothers and fetuses, especially

during the third-trimester of gestation.
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Background

* The target organ of MeHg exposure during
gestation is the fetal brain, especially the
dewveloping brain at the 3rd trimester (Rice and
Barone, 2000).

* For this reason, biomarkers reflecting the MeHg
exposure level in the fetus during the 3rd
trimester are very important to predict the
effects of MeHgz on child development.

Minamata disease 1956
by Eugene Smith

Fetal-type patients
il Iraq MeHg intoxication 1971

= A number of studies have employed Hg
concentrations in toenails and/or fingermails as
biomarkers for MeHg exposure.

« Howewver, the time—lag of the nail growth from the
nail matrix to the nail free edge is not well specified
in the above mentioned studies.

« Also, the significance of the nails for the assessment
of the maternal and fetal MeHg exposure at the
parturition has never been studied so far.

e
Objective

*To investigate the appropriateness of
Hg concentrations in fingernails and
toenails at parturition for detecting
prenatal exposure to MeHg.

e
Materials and methods

* Total He concentrations were measured in 54 paired
samples of fingernails, toenails, maternal blood, and
maternal hair collected at 4th weeks of (sarly)
pregnancy, and the same specimens and cord blood
collected at parturition.

* Hair strings were cut into 1cm incremental segments
from the scalp toward the tip
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Results

» Strong correlations were observed
between Hg concentrationsin
fingernails and toenails at early
pregnancy (r=0.923, p<0.01) and at
parturition (r=0.895, p<0.01).

At early pregnancy

*Hg concentrations in fingernails and
toenails showed the strongest
correlations with those in hair segment
3-4 cm from the scalp (r=0.818 and
r=0.747, p<0.01, respectively) among the
1 cm incremental hair segments.

At parturition

* Hg concentrations in fingernails (r:O.SOS, p<0.01) and tosnails
(r=0792, <001) showed strong correlations with those in cord
hlood.

+ Hz concentrations in fingernails had the highest correlation with
those in hair 0-1 cm from the scalp (=08918, p<001), and Hg
concentrations in toenails showed the highest correlation with
those in hairat 2-3 cm from the scalp (,=0.872, p<001).

+ In addition, the correlation coefficients of Hg concentrations
hetween nails and hair segments at parturition were equally high
among hair at 0-1, 1-2, and 2-3 cm from the scalp.

At early gestation

5 8 S P B

Scalp end r=o0.82 '\74
At parturition r-os;
cm - /
2 5 5 3
Scalp end r=0.80

Conclusion

» This is the first comprehensive study investigating
the appropriateness of using Hg concentrations in
fingernails and toenails as biomarkers for maternal
and fetal MeHg exposure at parturition, compared
with those at early pregnancy.

» Both fingernails and toenails collected at parturition
can be used as biomarkers for maternal and fetal
MeHg exposure, throughout the 3rd trimester of
pregnancy.




Seafood for thought: fish-eating and methylmercury in fish

Hiroshi Satoh

Food Safety Commission of Japan

Mercury occurs ubiquitously in the environment. It has been used from the ancient age as well
as lead and iron.  Mercury and its compounds are classified into three chemical forms such as
metallic (elemental) mercury, inorganic and organic mercury compounds. Metallic mercury is in
liquid form at room temperature and generates mercury vapor, which exist in atmosphere. Mercury
in the environment partially converted into methylmercury by micororganisms. Methylmercury is
bio-concentrated and accumulated in large carnivore fish and sea mammals.

Major toxicity of methylmercury is manifested in the central nervous system (CNS) and the fetal
CNS has been considered to be vulnerable from the observations in Minamata disease and Iraqi
tragedy. Therefore, birth cohort studies have been conducted among the fish-eating populations
with high methylmercury exposure.

Food Safety Commission (FSC) was established in 2003 as a risk assessment organization
independent from risk management organizations. In 2005 FSC published "Food Safety Risk
Assessment Related to Methylmercury in Seafood" and the tolerable weekly intake of 2 pg/kg
bw/week (as Hg) was proposed for pregnant and potentially pregnant women, since fetuses are the
high-risk group. The risk assessment report referred to the benefit of fish-eating. Following the
risk assessment report, a risk management organization, Ministry of Health, Labour and Welfare,
issued "Advice for Pregnant Women on Fish Consumption and Mercury" to avoid excessive
methylmercury exposure during pregnancy. In the advice frequencies of consumption of high

mercury content fish were shown to keep the methylmercury intake below the TWI.
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% The general population does not face a significant
health risk from methylmercury. ........ The fetus is
at particular risk. ....... A prudent interpretation
of the Iraqi data implies that a 5% risk may be
associated with a peak mercury level of 10-20 pg/g
in maternal hair (during pregnancy).
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Fetal Minamata disease

Iraqi Khubz Bread

Developmental retardation
in Iraqi infants
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Establishment of
Food Safety Commission Japan
(FSCJ, July 1st, 2003)

» Food Safety Basic Act was enforced.
—based on the simple recognition that the protection of
health of our citizen is a top priority

» Introduction of Risk Analysis to food safety administration

» FSCJ was established as a part of Japanese Cabinet Office,

independently from risk managing ministries such as MHLW* and
MAFF %% **Ministry of Agriculture, *Ministry of Health,
Forestry and Fisheries Labour and Welfare

»FSCJ’ s mission is to implement science—based risk assessments in
an objective, neutral and impartial manner.
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Uncertainties for parameters of the
one-compartment model

1. Ratio between mercury concentrations in
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2. Elimination constant (Biological half-life)
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Evaluation of methylmercury exposure and health effects in the Mediterranean

population

Milena Horvat*, Janja Snoj Tratnik, Darja Mazej, Marta Jagodic, Ingrid Falnoga, Majda
Pavlin, Anja Stajnko

*Department of Environmental Sciences, JoZef Stefan Institute, Ljubljana, Slovenia

Objective: To investigate MeHg exposure, effects, and susceptibility in Mediterranean population in
early life.

Methods: PHIME was the largest study ever conducted in the general European population on the
impact of Hg through food consumption. It included 1700 mother — child pairs from Italy, Slovenia,
Greece and Croatia. Children of the PHIME Mediterranean cohort were tested for neurodevelopment
(Bayley 111 test) at 18 months of age. Mother hair, cord blood, cord tissue and meconium have been
sampled at birth, breast milk and mother’s hair 1 month after birth. Hair samples have been analysed
for mercury, cord blood and breast milk for mercury (and MeHg), cadmium, lead and arsenic, as well
as for essential elements (selenium, zinc, copper).

Results: The results of the PHIME Mediterranean cohort have been evaluated, particularly in
relation to methyl mercury (MeHg) exposure though fish consumption. Mercury in mother’s hair and
in cord blood did not predict Bayley scores but a moderate beneficial effect of fish consumption in
pregnancy was observed. Other chemical elements were not associated with the outcome. It was also
demonstrated that the ABC transporters appear to play a major role in transport of MeHg across the
placenta and accumulation of MeHg during early development. It was shown (1) that in three large
Mediterranean birth cohorts the association between maternal fish intake and Hg in cord blood has
different magnitudes depending on the children’s genotype ABCBI, ABCCI, and ABCC2. The
findings strengthen the hypothesis that ABC transporters play a role in mercury transport across the
placenta and accumulation of MeHg during early development. As these genes appear to influence
MeHg internal dose they might offset MeHg neurotoxicity.

Conclusions: The studies performed so far showed that the environmental neuroepidemiology
studies need to include a new focus on genetically susceptible groups in order to assess a more

realistic potential risk of neurotoxicant exposures at low levels.

(1)LLOP, Sabrine, SNOJ TRATNIK, Janja, MAZEJ, Darja, HORVAT, Milena, et al. Polymorphisms in ABC transporter genes and concentrations of

mercury in newborns - evidence from two Mediterranean birth cohorts. PloS one, 2014, vol. 9/5, e97172-1-e97172-9.
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Mercury sources

— MNatural vs. antropogenic
— Significant increase of Hg

— Most significant releases to the

— Industrial and mining sites
— Land, waterand resource

— Mercury waste

Natural mercury —planetary Hg belts
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Study design

GEMERAL population, random recruitment

Only healthy pregnant women, living in non-industrial
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Correlation between Hg and Se
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-No significant correlstion wasfound between e and Hg levels in fish.

-However, an excess of Se inrelation to mercurywasobserved.

-MNo significant correlation wasfound between trophic levels and selenium |evels of thefresh
and canned fish.
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Bayley lll composite scores

inier-rater reliability in Kaly (2 testers): 1I0.C=0.98 (0.97-0 55) for cognifve, .99 (0.95-1.00) for language,
and 0.93 (0.90-0.97) for modor composie soxes.

0 p-vaiue of Kruskal-Walliz tect for BSID cogniive soore acnoes counfries <0.0001

2 p-value of Kruskal-Wallis test for BSID language score across counties <0.0001

2 p-value of Kruskal-Wallis test for BSID motor score across countries <0.0001

Conclusions regarding Bayley testing and Hg from
fish consumption (F. Valent; UNIUD)

* In models adjusted for country and other potential confounders, Hg in hair
and cord blood was NOT associated with BSID Il composite scores.

* Nevertheless, a moderate but significant beneficial effect of fish
consumption in pregnancy was observed for cognitive and language
development.

= Such effect may be due to PUFAs contained in fish. This hypothesis will be
tested when the concentrations of PUFAs in the blood of the women is
available (biochemical analyses are underway).

Glutathione S-transferase:
GSTT1/GSTM1 gene deletion polymorphisms

= Glutathione (G5H) conjugationtoelectrophilic compounds
{inorganic Hg, MeHg)

* GSTT1 deletion and GSTMI deletion 2 lack of enzyme activity

= Ref: snviranmanta! Hoaith Forsaactives 2010 ¥

* No GST-genetic studies have been done related to MeHg levels

Intaraction between GSTM 1/ GSTTT Polymorphism and Blood Mercury
‘on Birth Waight
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Polymorphisms in ABC Transporter Genes and
Concentrations of Mercury in Newborns - Evidence from
Two Mediterranean Birth Cohorts

Sabrina Llop'~, Karin Engstréen’, Ferran Ballester' ™, Elisa Franforte®, Ayman Alhamdow”,
Federica Pisa®, fanja $noj Tratnik®, Datja Maze]®, Marlo Murcia'?, Marisa Rebagliata®”,
Marlona Bustamante™ ™%, Jordi Sunyer™ ™", Alkaterinl Soflancu-Katsoulls', Alexla Prasouli™,

Eleni Antanopoulou’, leanna Antoniadou'’, Sheena Nakou', Fabio Barbone”, Milens Horvat®,
Karin Broberg ™'

= two birth cohort studies conducted inSpain (INMA), Italy and Greece (PHIME)

= ABCBI1 rs2032582, ABCC1 rs11075290, and ABCC2 rs2273697 medified the
associations between maternal fish intgke and cord blood mercurny
concentrations - stronger association between matemal fish intake and cord
blood mercury concentrations was shown

= The ABC transporters appear to play a major role in transport of MeHg across
the placentaandaccumulation of MeHg during early development

5, Engstrém K, Ballester F Franfortz £ Alhamdow 4, =t al. {2014 Polymerphisms in ABC Transporter
ind Concentrations of Mercury in b Evid from Two h Birth Cohorts. PLoS

7172, 85i:10.1371 ffournal pone 0097172

Protocol for the CROME Cross-Mediterranean
study

BACKGROUND:

Epidemiological studies have demonstrated the
developmental neurotoxicity is associated with prenatal
MeHg exposure (Grandjean and Landrigan, 2006);
however, susceptibility to MeHg toxicity may be
modified by genetic factors (Julvez and Grandjean,
2013).

ORIGINAL ARTICLE
—

Prenatal Methylmercury Exposure and Genetic
Predisposition to Cognitive Deficit at Age 8 Years

Epidemi

= Awvon Longitudinal Study of Parents and Children (Bristol, UK)

= 247 single-nuclectide polymorphisms (SNPs) within relevant genes

= Wechsler Intelligence Scale for Children Intelligence Quotient (1Q) scores at age
8 years

Possible genetic predisposition to MeHg neurotoxicity in a
substantial proportion of the population!

* Among 40 SNPs showing nominally significant main effects,
MeHg interactions were detected for paracxenase 1 and
progesterone receptor (P < 0.05) and for transferrin and brain-
derived neurotrophic factor (P < 0.10)




Gene mutations affecting absorption-
distribution-metabolism-elimination

GCL [glutamyl-cysteinligase)  wste-fimiting enzyme for G5H GCLC and GCLM polymarphism
- catalytic subunit GCLC 2 affecting m:m:;;;eﬂg
- modifier subunit GELM {Schiavicks Barztiaz

5
umbiical cord {lubvez etal, 2013)
GSTPL and GSTM1 polymarphism
(Sehiawicks =t 21, 2008; Barcelos =t
al, 2013}

GST [glutathione-S-transferase) catalyse conjugation of G5H

Other glutathione related
MT [metallothionein) metshbinding {regulation of metsl MIZA 510536 - main effect on
homeostasis), protection against general  cognitive  functioning
coidative stress) (Jubvez ot 3l 2013).
Responsible for active transport of Liop et al, 2014 {submitted): ABC
vatious  compounds  scress transpetters play @ role in mercuny
[ABCC1, ABCC2, ABCB1) bigdogicsl  membranes  incl transport scross the placents and
5 ot =f MeHg during early

ABC transporters

Sxeslopment

Gene mutations affecting neuropsychological

CPOX4 (coproparphytinogen
cxidase]

performance:
= — — e —
mwm
M [ a1, 2005}
ol imbaract to thesir neceptors] mr.ﬁyrg;e-ualmgmeumm
(Ecneverria et 21, 200 ez et 2, 2013}

APOE {apoiipoprotein]

2 protein transporter epresed in the
brain; Epsilond alisle associsted with poar
el regsir function s risk factor for
ao]

CPOXS rs1131557 ~ Hg in urine and child

reurodeveiopment
APOE variants modified the adverse
‘efects of cord biood Hg on

meurogesionment e et sl 2013].

BONF (brain-derived Newrstrophic  eiated o brsin develooment and
Factar] mewrotransmitter metzbolism
o inberact to their
recaztars| [Ecewertia ot al, 2005
PGR |progestercne receptor] soma e —— -
PON1 {Parscxonass 1] enzyme tn e e it
peroices. Tumn oeidstie demaze cn D *
inciuced] oy MeHg (Lyotte et al, 2011
Hemadnder et sl 2005].
TF {transferrin] irom ugrtaie
{woods et a1, 2013

The way forward ...

* [Existing birth cohorts: Slovenia, Croatia, Italy, Greece
{PHIME) and Spain (INMA)

* Follow-up at 6-7 years of age:
Hair and urine sampling & saliva sampling

* Analyses of trace elements

* Neuropsychological testing
(Wechsler Intelligence Scale for Children)

* Genotyping: GSTT1/GSTM, GSTM3, GSR, GPX1, SOD1,
S0D2, CAT, PON1, BDNF, PGR, TF... ?
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Thank you for your attention
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Relationship Between Paraoxonase-1 (PON1) and Metal Concentrations in the

Whole Blood of Inuit in Canada

Brian D. Lairda, Alexey B. Goncharovb, Pierre Ayottec, Laurie Hing Man Chana*

* University of Ottawa, Canada

Objective: This cross-sectional study aimed to determine whether environmental exposure to
various metals is associated with paraoxonase-1 (PON1) activity in Inuit people routinely exposed to
mercury (Hg), cadmium (Cd), lead (Pb), and (Se) selenium.

Methods: PONL1 activity and metal concentrations were measured in blood collected from 2172
healthy participants. Sociodemographic, anthropometric and lifestyle variables were also assessed.
The associations between PONL1 activity and blood metal concentrations, HDL, omega-3 fatty acid
blood levels, age, sex, body mass index (BMI), and lifestyle habits (eg. smoking and alcohol
consumption) were explored via multiple linear regression.

Results: PON1 activity was positively associated with Se blood concentration (§ = 0.056, P = 0.001)
but was negatively associated with Cd blood concentration (f = -0.025, P < 0.001). No association
was observed between PONL1 activity and Hg or Pb blood concentrations.

Conclusions: Our results suggest that PON1 activity is modulated by metal exposure, and Inuit
traditional foods may confer health benefit by increasing PON1 activity via higher Se intakes. These
findings underline that current environmental metal exposures among Inuit living in the Canadian

Acrctic are associated with paraoxonase activity, a toxicologically-relevant biochemical parameter.
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Inuit or Eskimos

Yupik Alaska 25,000
Russia 45,000
Inupiat Alaska 50,000
Russia 2,000
Inuit Canada 50,000
Greenland 55,000
Total 227,000

Fish and Marine mammals are very important part of the Inuit diet
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Long Range Transport of Global Pollutants

Mercury from Asia reaching Canada
and the Arctic by air currents

(I (WY

Table 4. Statistics pertaining to the number of long range transport
events recorded over all venfication stations over a year.

Source region  Median  75th percentile  Maximum

Asia 38 52 61

North America 11 14 23

Russia 20 24 33 s
Europe 1 5 27 1

Durnford etal. Atmos Chem Phys 10:6063-6086, 2010
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Previous study has shown MeHg is

PONTI is inversely associated with . . .
negatively associated with PONI1

increased risk of cardiovascular disease
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Inuit Health Survey 2007 and 2008
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1800 participants

Inuit Health Survey

Canadian Icebreaker: .
Amundsen

4 Blood PON1 and metals were

measured in 2172 participants
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Se has a strong effect on increase
of PONI1
Table 4
Stepwise multiple regression analysis of log,o-transformed paraoxonase (PON1)
activity on mercury and selenium blood for adult i
(n =2172) of the International Polar Year Inuit Health Survey with adjustment for
demographic and clinical variables.”
p2SE P-value
Mercury* 0.0002 £ 0.0082 0980
Selenium” 0.056£0.017 0001
Age -0.040£0.019 00328
BMI 0,189+ 0.030 <0,0001
HDL 0.221 £ 0.0220 <0.0001
Alcohol 0,013 £0.0064 0.0043
Sex 0.012+0.0064 00514
* Demographic and clinical variables inputted stepwise in the model included
high-density lipoprotein (HDL), erythrocyte omega-3, age, sex, body mass index
(BMI), smoking status, and alcohol consumption.
* Blood metal concentrations constrained in the model.

Everybody loves their food!

Why do we care about the Arctic?
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Methylmercury exposure and neurological outcomes by ingesting whale meat

Masaaki Nakamura*, Noriyuki Hachiya, Ken-ya Murata, Ichiro Nakanishi, Tomoyoshi Kondo,
Akira Yasutake, Ken-ichiro Miyamoto, Ping Han Ser, Sanae Omi, Hana Furusawa, Chiho
Watanabe, Fusako Usuki, Mineshi Sakamoto

* Department of Clinical Medicine, National Institute for Minamata Disease, Minamata, Japan

Background: Methylmercury (MeHq) is a major environmental neurotoxicant that causes damage to
the central nervous system. In Japan, industrial emission of MeHg has resulted in MeHg intoxication
in Minamata and Niigata, the so-called Minamata disease. Humans are exposed to MeHg derived
from natural sources, primarily fish and fish predators. Therefore, MeHg continues to be an
environmental risk to human health, particularly in susceptible populations that frequently consume
substantial amounts of fish or fish predators such as whale.

Objective: This study aimed to investigate the health effects (especially neurological abnormalities)
of MeHg exposure in adults.

Methods: The subjects were 194 residents (117 males, 77 females; age 2085 years) who resided in
the coastal town of Taiji, the birthplace of traditional whaling in Japan. We analyzed hair for mercury
content and performed detailed neurological examinations and dietary surveys. Audiometry,
magnetic resonance imaging, and electromyography were performed to diagnose neurological
defects. Whole blood mercury and selenium (Se) levels were measured in 23 subjects.

Results: The geometric mean of the hair mercury levels was 14.9 pg/g. Twelve subjects revealed
hair mercury levels >50 pg/g (NOAEL) set by WHO. Hair mercury levels significantly correlated
with daily whale meat intake. These results suggested that residents in Taiji were highly exposed to
MeHg by ingesting MeHg-contaminated whale meat. Multivariate regression analysis demonstrated
no significant correlations between hair mercury levels and neurological outcomes, whereas some of
the findings significantly correlated with age. A significantly positive correlation between whole
blood mercury and Se levels was observed and the whole blood mercury/Se molar ratios of all
subjects were <1.

Conclusions: We investigated the health effects of MeHg exposure in 194 adult Taiji residents who
were considered to be highly exposed to MeHg by ingesting MeHg-contaminated whale meat. No
significant correlations were determined between hair mercury levels and neurological outcomes.
The results of whole blood mercury/Se molar ratios of all subject suggests that sufficient Se intake

might be one of causes of the absence of adverse effects of MeHg exposure in this study.
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Methylmercury exposure and
neurological outcomes
by ingesting whale meat

National Institute for Minamata Disease
Masaaki Nakamura

Background

1. WHO has announced in 1990 that a hair mercury level of
50-125 ppm corresponds to “no observed adversary effect
level” (INOAEFEL) of MeHg for adults.

2. Afterwards, however, there have been some reports
(Amazonian studies) suggesting the possible MeHg intoxication
in adults whose hair mercury levels are below 50 ppm.

\ 4

The threshold level that MeHg toxicity elicits

in adults is still controversial.
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Taij1

( % The birthplace of traditional
LE J ,( whaling in Japan
L 4 % The majority of the townsman
(/'M engaged in whaling and whaling
/ -related work in the past.
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Wakayama \‘"‘\ v Taiji
Prefecture

_ Purpose
This study aimed to investigate the health effects of MeHg exposure in adults.
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Methods- 1

r;ceding hair mercury survey: 724 residents
(344 males and 380 females)

2) Detailed neurological examination
a) Objects:194 residents (117 males and 77 females)
b) Dietary survey

c) Neurological examination: three ceriified neurologists,
authorized by the Japanese Society of Neurology

d) Detailed examination: aundiometry: 32 subjects
MRI: brain: 8 subjects;
cervical: 10 subjects;
lumbar: 9 subjects)
EMG: 24 subjects
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4) Assessment of whole blood mercury and Se (n=23 )

Methods- 2

Hair mercury (ppm)

istribution of hair mercury concentration of!

0 10 20

30 40 50 60 70 %0 %

Distribution of hair mercury concentration of

110

istribution of hair mercury concentration of

—~ 100
Gender male female total g 9%
N 344 380 74 S
Age (years) male g"? %0
Min 6 6 6 ER )
Max 88 5} 5} g : 5 (s
Arithmetic mean 57.5 564 569 T el Ll
}mmm (ug/g) 0 10 20 30 Jl;\g:) 60 70 80 %
Min 06 07 06 o~
23 Percentile 51 33 10 ’;‘._ 70
Median 106 589 77 & o
75 Percentile 195 110 1456 female Z :: 509:ppm
Max 1019 731 101.9 E )
Geemetric mean 10.0 62 78 5
Hair mercury = 30 pg/g (N) 14 2 16 = '::
010 20
stribution of hair mercury concentration of !
Relative distributions of daily w
Gender male  female  total consumption and hair mercury levels
N 17 77 194
Age (years) =
Min 0 24 20 @ 00T o0 8
Max 83 79 83 - A
Arithmetic mean 36.7 595 578 ° :
Hair mercury (ug/g) 5 ;s - 3
Min 11 21 11 ) o®e b X =039
25 Percentile 111 59 79 3 . e ¢ p<0.001
Median 187 151 178 & di o 1o 10.0 100.0 1000.0
75 Percentile 327 43 287 5
Max 0L 731 1019 T
Geometric mean 17.2 12.1 149 1
Hair mercury £ 30 pg/g @) 10 2 2 Whale consumption (g/day)




» We determined 35 clinical endpoints.
» Audiometry (32 subjects)

» MRI: cervical: 10 subjects

» Brain MRI (8 subjects)

Summary of neurological

= sensorineural hearing loss (10 subjects)

lumbar: 9 subjects
EMG: 24 subjects
= sensory disturbances were peripheral origin
(radiculopathy or peripheral neuropathy)

= old cerebral infarction (4 subjects)

Associations of neurologic findings with hair
concentrations, age and gender
A Correlation with log transformed hair mercury concentration
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Associations of neurologic findings with
A concentrations, age and gender
" B. Correlation with hair mercury level classified as the first or forth quartiles

Range of hair mercury concentration
of four quartiles

1 1.1 ppm to 7.9 ppm

2 7.9 ppm to 17.8 ppm

3 17.8 ppm to 28.7 ppm

4 28.7ppm to 101.9 ppm

Adjcaed edda ralica or adjulcd regresion 110 {099, 150009,
= simpiegan i ke
L2 * Tandem gait
e 1] [ —
L iz
£ e
BT o
Rafiew
Zazmass mowa am @, - e
Cranial perve = ok
e A8 8% ) Touch sencatian
o e i ma™ - e ouﬁ;w
wazemzam Lo bz a3 smata™ ()
Position sense Lamam -
g B
. —o.m (-2,
Tramara s .25
.
T
|
Ergrecaa X
Cozrtimsas ™ L3
sz (¥ TWOpOInt At e 24
e s ez
3 tazd™ =) than 013 (-0, 008
el e
gt fax s & o ] =0.001 -o.008
x L 3 s
D famt Fagn foat o LSr FET G";zieirt
S o oo SR
p— =
‘Stersognasis [ /3)

Associations of neurologic findings with hair

concentrations, age and gender
C. Correlation with hair mercury level higher than 50 ppm
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Prevention of diseases
" cancer

" cardiovascular disease

" neurodegeneration
Detoxification of MeHg

Conclusions

1. We investigated the health effects of MeHg exposure in 194 adult
Taiji residents who were considered to be highly exposed to MeHg

by ingesting MeHg-contaminated whale meat.

2. Multivariate regression analysis demonstrated no significant
correlations between hair mercury levels and neurological outcomes,
whereas some of the findings significantly correlated with age.

3. Sufficient Se intake might be one of causes of the absence of adverse

effects of MeHg exposure in this study.
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Negative Confounding by Essential Fatty Acids in Methylmercury Neurotoxicity
Associations

Anna L Choi, Ulla B. Mogensen, Kristian S. Bjerve, Frodi Debes, Pal Weihe, Philippe
Grandjean, Esben Budtz-Jgrgensen
* Harvard University, USA

Background: Methylmercury, a worldwide contaminant of fish and seafood, can cause adverse
effects on the developing nervous system. However, long-chain n-3 polyunsaturated fatty acids in
seafood provide beneficial effects on brain development. Negative confounding will likely result in
underestimation of both mercury toxicity and nutrient benefits unless mutual adjustment is included
in the analysis.

Methods: We first examined these associations in 176 Faroese children, in whom prenatal
methylmercury exposure was assessed from mercury concentrations in cord blood and maternal hair.
The relative concentrations of fatty acids were determined in cord serum phospholipids.
Neuropsychological performance in verbal, motor, attention, spatial, and memory functions was
assessed at 7 years of age. Multiple regression and structural equation models (SEMs) were carried
out to determine the confounder-adjusted associations with methylmercury exposure. Supplementary
SEM analyses on verbal and motor functions included a larger previous cohort with similar
characteristics, but the fatty acid measurements were missing. A total of 1016 children with available
data were included in the joint-cohort analyses with estimated fatty acid parameter for Cohort 1
using the meta-analysis method for SEM.

Results: A short delay recall (in percent change) in the California Verbal Learning Test (CVLT) was
associated with a doubling of cord blood methylmercury (-18.9, 95% confidence interval [CI] =
-36.3, -1.51). The association became stronger after the inclusion of fatty acid concentrations in the
analysis (-22.0, 95% confidence interval [CI] = -39.4, -4.62). In structural equation models, poorer
memory function (corresponding to a lower score in the learning trials and short delay recall in
CVLT) was associated with a doubling of prenatal exposure to methylmercury after the inclusion of
fatty acid concentrations in the analysis (-1.94, 95% CI = -3.39, -0.49). Similar results were found in
the supplementary joint-cohort SEM analyses

Conclusions: Associations between prenatal exposure to methylmercury and neurobehavioral
deficits in memory function at school age were strengthened after fatty acid adjustment, thus
suggesting that n-3 fatty acids need to be included in analysis of similar studies to avoid

underestimation of the associations with methylmercury exposure.
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Negative Confounding

Negative confounder
{e.g. fish intake)

(Choi et al., 2009)

Neuropsychological Exams

Tests were chosen according to the

brain function domains:
—Verbal
— Motor
— Attention
— Spatial
—Memory

Nutrients in fish and seafood

* Polyunsaturated fatty acids
— essential for normal brain development
— possibly protecting against
cardiovascular diseases
» Selenium

— a constituent of selenoproteins
* Others

Faroe Islands prospective birth cohorts
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NES2 Continuous Performance Test

Distribution of Hg and PCB exposure
among the birth cohort

Exposure Geometric Total Correlation
with Cord

Blood Hg

Biomarker Mean Range

Cord blood
(ng/L)
Maternal hair
(ng/z)

Serum PCB
(ng/g lipid)

1.90-101.8 1)

0.04-184

Choi et al. NTT 2014;

Change in Neurobehavioral Outcomes
Associated with 1 unit Increase of DHA+EPA, and
a Doubling of the Cord Blood Hg Exposure

Hg with DHA+EPA

Outcomes Hg only DHA +EPA Hg DHA+EPA

CVLT -14.3(-30.4,1.8T) 001
learning

-15.7(-32.3,0.83) 01108

CVLT -18.9(-36.3,-1.51) 0
short delay

2.0(-39.4,4.62) 028¢(

Stanford-Binet Copying

Distribution of Mean Relative
Concentrations of Fatty Acids (%)
Among the Birth Cohort

Mean (SD) Total Correlation

Range with
DHA+EPA

Fatty Acid

DHA + EPA 9.57(1.71) 6.40-14.5

Total n-3 10.8(1.91)

DHA+EPA/AA  059(0.

variable
predictor.




Change in Neurobehavioral Outcome
Associated with a Doubling in Hg Exposure
With and Without DHA+EFPA Adjustment

Outcome Hg Exposure DHA+EPA

Without With
DHA+EPA DHA+EPA

Memory -1.01(-2.21, 0.20) -1.94 (-3.30, -0.49)

Verbal
Spatial

Change in outcomes associated with a doublingin Hg
exposure and a one unit increase in fatty acids among the
two Faroese cohorts

Outcome

Verbal

Motor

A joint SEM for verbal function
combining cohorts1 and 2

Cohort2 Cohort1

= Agsociation of fattyacids with the outcome
Association between covanates and fatty acids
Agzsociation of mercury exposure with the cutcome

]

Seafood diets Toxicants
Salmon, mackerel Low Hig \...d

06
Light tuna, lobster Medium ~

Swordfish, tuna steak  High

Conclusions

Prenatal exposure to methylmercury was associated
with deficits at school age in domains known to be
sensitive to this neurotoxicant.

Underestimation of mercury toxicity and fish benefits
may result from a lack of mutual adjustment.

All the study children in this fishing community with
frequent consumption of seafood and pilot whale meat
were fully PUFA sufficient.

PCBs did not have any important impact on the
neurodevelopmental outcomes in our cohort.

There is considerable variability in mercury and PUFA
concentrations within and across species of dietary fish.

Only one chance to develop a
brain

Website: www.chef-project.dk
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