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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 

Minamata Convention on Mercury. It warns that 

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. I 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 

Shigeo Kitamura 

State Minister for 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. 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



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 μg/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. 

  



  

 

 

  

 

 

 

 



 

 

 

  

 

 

  

 



   



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, Jožef 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 III 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 ABCB1, ABCC1, 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. 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



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: PON1 activity and metal concentrations were measured in blood collected from 2172 

healthy participants. Sociodemographic, anthropometric and lifestyle variables were also assessed.  

The associations between PON1 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 (β = 0.056, P = 0.001) 

but was negatively associated with Cd blood concentration (β = -0.025, P < 0.001).  No association 

was observed between PON1 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 

Arctic are associated with paraoxonase activity, a toxicologically-relevant biochemical parameter.  



 

 

 

  

 

 

  

 



 

 

 

 

 

 

  

 



  

 

  

 

 

  



  

 

 

  

 

 

 

 



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 (MeHg) 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 20–85 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 µg/g. Twelve subjects revealed 

hair mercury levels >50 µg/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. 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



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-Jørgensen 

* 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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