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Study on changes in gene expression induced by methylmercury exposure, the effect of which on 

pathological conditions, and the protection against the toxicity. 

 

 

 

 

 

 

 

nonsense-mediated mRNA decay (NMD)

siRNA  

 

astrocyte  

 

 

 

 

 

 

 

 

 

 

 

27 31 5  

 

 

(susceptibility to methyl- 

mercury) (cellular stress response)

gene expression

(cellular redox system)

(antioxidant selenoenzymes) (fetal period 

exposure) DNA (DNA from the blood cells)

 (epigenetic change) 

 

 

DNA

epigenetic 

13/003 

epigenetic 

 

 

 

in vitro, in vivo

1-5)

1 

(GPx1) 1 (TrxR1)

mRNA nonsense-mediated mRNA 

decay NMD 6-9) 

10)

11)  



- 20 - 

ATF4

GRP78

N-acetyl-L-cysteine (NAC)1)

E Trolox 2), 3) GPx1 mimic seleno organic 

compounds Ebselen10)

12)   

 

 

1. 

 

2. 

  

3. epigenetic 

 

 

 

epigenetic  

 

 

1 27  

 

  

DNA

epigenetic 

 

 

 

2. 28  

ER stress preconditioning membrane transporter 

upregulation  phospho-eIF2Ŭ/ ATF4 pathway

NMD   

DNA

 

3. 29  

 

4. 30  

 

5. 31  

 

 

28  

1

 

Thapsigargin (TPG)

LAT1  LAT3  SNAT2 



- 21 - 

ABCC4

ABCC4

ABCC4

☻♩꜠☻ⱪ꜠◖fi♦▫◦ꜛ♬fi◓

 

 (eIF2Ŭ ATF4

NMD ) 12)

phospho-

eIF2Ŭ/ATF4 pathway NMD 

 

eIF2Ŭ eIF2Ŭ

 (SA) 1 

mRNA RT-qPCR

SA

mRNA (WT)

eif2Ŭ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 mRNA

eIF2Ȁ  

 

ATF4 mRNA

siRNA ATF4

ATF4

SNAT2 LAT1

ABCC4

LAT3

2 Western blot 

ATF4 SNAT2 LAT1

ABCC4 LAT3

 

NMD mRNA

NMD

( 3) Western blot 

 

NMD

 

NMD LAT1 LAT3

SNAT2 ABCC4

ATF4 SNAT2 LAT1 ABCC4

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. ATF4  

mRNAכ  

 

 

TPG:     - +           - +              

si-Ei WT            si-Ei SA

TPG:     - +           - +              

si-Ei WT            si-Ei SA

TPG:     - +           - +              

si-Ei WT            si-Ei SA

0

2

4

6

8

10

12

***

***
##

0

4

8

12

16

20
***

**

##

0

1

2

3

4

5

6

7

***

***

###

0

20

40

60

80

100

120

140

***

***

###

TPG:     - +           - +              

si-Ei WT            si-Ei SA

L
a
t1

/A
c
tb

L
a

t3
/A

c
tb

S
n

a
t2

/A
c
tb

A
b

c
c

4
/A

c
tb

 

0

2

4

6

8

***

***

###

0

1

2

3

4

5

***

***

###

0

2

4

6

8

10

12

14

16

***

***

###

0

2

4

6

8

10

***

*

###

TPG:    - +           - +              

siRNA:        NS                 Atf4

TPG:    - +           - +              

siRNA:        NS                 Atf4

TPG:    - +           - +              

siRNA:        NS                 Atf4

TPG:    - +           - +              

siRNA:        NS                 Atf4

L
a

t1
/A

c
tb

L
a

t3
/A

c
tb

S
n

a
t2

/A
c

tb

A
b

c
c

4
/A

c
tb



- 22 - 

ᶫ 3 NMD  

mRNA  

 

2

 

DNA

DNA

epigenetic 

 

1 ┘ 5 ppm─ⱷ♅ꜟ ╩

⇔√ ꜝ♇♩╟╡ ⇔√ ꜝ♇♩╩

3 6

Western blot

ABCC4

Selenocysteine insertion sequence binding protein 2-

like  neuroligin 4 Y-linked

DNA

8ppm─ⱷ♅ꜟ ╩ ⇔√

ꜝ♇♩╟╡ ∆╢ ꜝ♇♩╩

 

 

29  

1. 

 phospho- EIF2Ŭ/Atf4 

pathway NMD suppression 

 

2. 

 

3. 

 

  

 

 

Usuki F, Fujimura M (2015) Decreased plasma thiol 

antioxidant barrier and selenoproteins as potential 

biomarkers for ongoing methylmercury intoxication 

and an individual protective capacity.   Arch 

Toxicol 90(4):917-26, 2016. doi:10.1007/s00204- 

015-1528- 3. 

 

 

1) : 

. 39

2016.11 

2) Usuki F: Mild endoplasmic reticulum stress 

preconditioning modifies intracellular mercury 

content through the upregulation of membrane 

transporters. NIMD FORUM 2016, Minamata, 

2016. 12. 

TPG:   - +      - +        - +        

siRNA:     NS         Smg1        Smg7  

TPG:   - +      - +       - +        

siRNA:     NS         Smg1        Smg7  

L
a

t1
/A

c
tb

L
a

t3
/A

c
tb

S
n

a
t2

/A
c

tb

A
b

c
c

4
/A

c
tb

###

###
***

***

*

TPG:   - +      - +       - +        

siRNA:     NS         Smg1        Smg7  

TPG:   - +      - +       - +        

siRNA:     NS         Smg1        Smg7  

3

4

***

0

1

2

5

***

***
###

#

0

80

20

40

60

***

###

###

***

**

*

***

16

12

0

4

8

20

###

###
***

2

4

6

8

***

*** ***

0

###

###



- 23 - 

3) : 

. 

 2016.12 

4) : 

. 

2017.2  

5) Usuki F, Fujimura M: Modification of intracellular  

mercury content through the upregulation of 

membrane transporters induced by integrated stress 

responses  56th Annual Meeting of Society of 

Toxicology, Baltimore, 2017.3 

 

 

1) Usuki F and Ishiura S (1998) Expanded CTG 

repeats in myotonin protein kinase increases 

oxidative stress. NeuroReport 9: 2291-2296. 

2) Usuki F, Takahashi N, Sasagawa N et al. (2000) 

Differential signaling pathways following oxidative 

stress in mutant myotonin protein kinase cDNA-

transfected C2C12 cell lines. Biochem Biophys Res 

Comm 267: 739-743. 

3) Usuki F , Yasutake A, Umehara F et al. (2001) In 

vivo protection of a water-soluble derivative of 

vitamin E, Trolox, against methylmercury- 

intoxication in the rats. Neurosci Lett 304: 199-203. 

4) Usuki F, Yasutake A, Umehara F, Higuchi I (2004) 

Beneficial effects of mild lifelong dietary restriction 

on skeletal muscle: prevention of age- related 

mitochondrial damage, morphological changes, and 

vulnerability to a chemical toxin. Acta Neuropathol, 

108, 1-9. 

5)  (2006) 

.   

 Ver. 2

p. 431- 4. 

6) Usuki F, Yamashita A, Higuchi I et al. (2004) 

Inhibition of nonsense- mediated mRNA decay 

rescues the mutant phenotype in collagen VI-

deficient Ullrichôs disease. Ann Neurol 55: 740-744. 

7) Usuki F, Yamashita A, Kashima I et al. (2006) 

Specific inhibition of nonsense-mediated mRNA 

decay components, SMG-1 or Upf1, rescues the 

phenotype of Ullrichôs disease fibroblasts.  

Molecular Therapy 14: 351-60. 

8) (2009) NMD  

mRNA é

.  mRNA

 , 2219-2225 , , . 

9)  (2010) Nonsense- 

mediated mRNA decay NMD mRNA

.  29: 155-160. 

10) Usuki F, Yamashita A, Fujimura M (2011) Methyl- 

mercury-induced relative selenium deficiency 

causes oxidative stress through its post- 

transcriptional effect. J Biol Chem 286: 6641-9. 

11) Usuki F, Fujita E, Sasagawa N (2008) Methyl 

mercury activates ASK1/JNK signaling pathways, 

leading to apoptosis due to both mitochondria- and 

endoplasmic reticulum (ER)-generated processes in 

myogenic cell lines. NeuroToxicology 29:22-30. 

12) Usuki F, Fujimura M, Yamashita A (2013) 

Endoplasmic reticulum stress preconditioning 

attenuates methylmercury-induced cellular damage 

by inducing favorable stress responses. 

Scientific Reports 3:2346, 2013 doi: 10.1038/ 

srep02346. 

 

 

 

 

 

 

 

 

 

 

  



- 24 - 

 

RS-16-03  
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Research on evaluation of human health effectand therapy against methylmercury exposure 
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Rehabilitation programs for patients with Minamata disease and dissemination of information 
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Community development project for home care support, including health care practice 
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Information transmission using the Minamata disease pathology specimens 
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Exposure and Health Effects Assessment Group 
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Effect of glucose metabolism disorders on methylmercury toxicokinetics and toxicity 
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Research on the tissue localization of mercury and selenium in the mammals
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Health risk assessment of highly methylmercury exposure derived from whale 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

27 31 5  

 

 

(Methylmercury) (Hair 

Mercury) (Wales/Dolphins)

(Health Effects) (Selenium)

(Proteomics) (influences of child 

development) 

 

 

 

 

 

 

 

21

http://dic.nicovideo.jp/a/Selenium


 

 

- 56 - 

50 ppm1)

26

153

 

24

 

 

 

 

 

 

 

 

 

 

27  

(1)

 

153

 

PON

 

(2)  

 

 

28  

(1)

 

20

ELISA

 

(2)  

 

 

29  

(1)

 

8

ELISA

 

(2)  

 

 

30  

(1)

 

in vitro in vivo



 

 

- 57 - 

 

(2)  

 

 

31  

(1)

 

 

 

28  

 

 

MALDI -TOF/TOF

 

2 2 2 2

 

MALDI -TOF/TOF

 

Multiple Affinity Removal Spin Cartlidge human-7

Zip-Tip C18

 

MALD I-TOF/TOF

 

 

 

28 6 2

8 3 8 9

 

6 27

28

 

 

1 47  

14 33  

 

1)  

2)  

3)  

4)  

5)  WISC

 

6) QTc

R-R 

ABR VEP  

1

10 1 10 2

 

 

 

1

 

 

 

28-30

(B)  

 

↓

(ppm)

ₑɟȿɩ
↓

(ppb)

↓

(ppm)

ₑɟȿɩ
↓

(ppb)

N 37 30 62 56

ẎΙ 21.3 515.0 17.8 795.0

ᾛΙ 0.8 16.6 0.6 19.8

₳᷈Ι 3.7 146.6 3.6 132.4

ά⁪ 4.2 129.9 2.9 121.7

Ẑ᷂ ҷ



 

 

- 58 - 

 

1) Ser PH, Omi S, Shimizu-Furusawa H, Yasutake A, 

Sakamoto M, Hachiya N, Konishi S, Nakamura M, 

Watanabe C: Differences in the responses of three 

plasma selenium-containing proteins in relation to 

methylmercury-exposure through consumption of 

fish/whales.Toxicol Lett., 2016;267:53-58.  

 

 

1) Nakamura M, Hachiya N, Yasutake A, Yamamoto M, 

Usuki F, Sakamoto M: Methylmercury exposure 

and health survey in a whaling town,Japan. 

International Association for the Scientific Study 

of Intellectual and Developmental Disabilities, 

Melbourne, 2016.8. 

 

 

(1) WHO (1990) IPCS Environmental Health Criteria 

101 Methylmercury. World Health Organization, 

Geneva. 

  

https://www.ncbi.nlm.nih.gov/pubmed/27989593
https://www.ncbi.nlm.nih.gov/pubmed/27989593
https://www.ncbi.nlm.nih.gov/pubmed/27989593
https://www.ncbi.nlm.nih.gov/pubmed/27989593


 

 

- 59 - 
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Studies on fetal exposure to methylmercury and the coexisting elements with mercury 
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RS-16-14  

New development of community design starts at "power of municiparity" for regional revitalization 

around Minamata disease-affected areas 
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Study on risk governance of adverse health effect of methylmercury 
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(0.378-0.541) 
ns 

0.821  

(0.390-1.251) 

95%CI: 95%  95% confidence interval⁸  ns: not significant 
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    (ppm) 

 AM min max  AM min med max GM 

 788  28.8 0 93  0.94 0.013 0.55 15.4 0.49 

 557  25.8 0 91  1.35 0.022 0.64 13.2 0.59 

 1345  27.6 0 93  1.11 0.013 0.59 15.4 0.53 
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⁸ 15 49  
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100% 38.4% 16.3% 13.3% 5.7% 0.9% 

 
1345 476 159 115 43 7 

100% 35.4% 11.8% 8.6% 3.2% 0.5% 

1.0 ppm: equivalent to RfD of US-EPA 3) 

2.2 and 2.8 ppm: equivalent to provisionally tolerable weekly intake (PTWI) of Joint Expert 

Committee of FAO 4) and Food Additives (1.6 ɛg/kg-body weight/week), and of Food Safety 

Committee of Japan (2.0 ɛg/kg-body weight/week) 5), respectively 

5.0 ppm: equivalent to former PTWI based on neurological impairment 6) 

11 ppm: Non-Observed Adverse Effect Level (NOAEL) for fetal developmental effect 5) 
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CT-16-08  

Transmission of information on Minamata Disease, and organization of documents and materials  

in Minamata Disease Archives 
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CT-16-09  

Information service using hair mercury analysis 
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PJ-16-03  

Research on mercury exchange in air ïsea interfaces and accumulation for marine wildlife of 

mercury around Japanese Islands using atmospheric mercury monitoring network 
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MODEL2537X-1130-1135

Gaseous Elemental Mercury

GEM Gaseous Oxidized 

Mercury GOM Particle 

Bound Mercury PBM 2 1

3

28 0.8  5.9 ng 

m-3 ± 1.79 ± 

0.33 ng m-3 N= 7863  

1.85 ± 0.34 ng m-3

2017 1 19 15 16

12 1 ng m-3
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GEM

2.18 ± 0.62 ng m-3 2 N= 

2643 GOM 0.0071 ± 0.011 ng m-3 N= 

2616 PBM2.5 0.0096 ± 0.011 ng m-3 N= 

2616 GEM PBM2.5

2017 1 18 20
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RS-16-10  

Bioaccumulation of mercury and food web analysis of near shore ecosystems in Minamata Bay, 

Yatsushiro Sea and other sea areas 
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RS-16-11  

Research on the behavior of mercury in the aquatic environment of Minamata Bay and its 

surrounding sea area 
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RS-16-12  1  

Development of atmospheric mercury monitoring method for rapid and simple screening in 

mercury emission sources and their surrounding areas - Impact assessment on mercury emitted 

from volcanos and geothermal areas (1) -  
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RS-16-13  

Study on effect of mercury compound on marine plankton food web 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

27 28 2  

 

 

(Plankton) (Mercury)

(Marine food web) (Trophic level)

(Nitrogen stable isotope ratio) 

 

 

 

 

 

ŭ15N

1) ŭ15N

1970 2-5)

6)

-

7)

 

 

 

 

 

 



 

 

- 109 - 

 

 

 

27  

 

 

28  

 

 

28  

. 

 

2016 8 4

Fig.1

GF/F

8)

0.078 ± 0.034 ng/mg-dry weight ±

Fig.2

 

 

Fig. 1 ⌐⅔↑╢  

 

 

Fig. 2 ⌐⅔↑╢ №√╡─ 

ⱪꜝfi◒♩fi  

ừ│ ⁸Ᵽכ│ ≤ ╩ ∆ 

 

.  

2013 6 2014 6

2015 6 3

2014 10 2015 8 2

7

3

9)

a

10)

a

a

Fig. 3

11)

 



 

 

- 110 - 

 

Fig. 3 ⌐⅔↑╢ⱪꜝfi◒♩fi
≤◒꜡꜡ⱨ▫ꜟ a─  

 

.  

ɛm mm

12)

2 ɛm20 ɛm100 ɛm

0.2 ɛm

 

2016 5 10 12

Fig. 4 5

10 12

5 100 ɛm

10

100 ɛm

10

 

100ɛm

0.205 ± 0.162 ng/mg-dry 

weight Fig.2

 

 
Fig. 4 ⌐⅔↑╢ⱪꜝfi◒♩fi◘▬☼  

 

 

 

26-28

5-1405

27-29 B

15K16139

 

 

 

 

 

 

1) 

. . 2016

. 

 

 

1) Campbell L M, Norstrom R J, Hobson K A, Muir D 

C G, Backus S, Fisk A T (2005) Mercury and other 

trace elements in a pelagic Arctic marine food web 



 

 

- 111 - 

(Northwater Polynya, Baffin Bay). Science of the 

Total Environment 351-352: 247-263. 

2) 1961  

.  82: 1479-

1480. 

3) , , 1974  

. 

 40(4): 393-397. 

4) Hirota R, Asada J, Tajima S, Hirano Y, Fujiki M 

(1983) Mercury contents of copepods collected in 

three inland sea regions along the coast of Western 

Japan. Bulletin of the Japanese Society Fisheries 

49(8): 1245-1247. 

5) Hirota R, Tajima S, Fujiki M (1993) A recent 

decrease in the mercury content of copepods 

(Crustacea) in Minamata Bay, Southeastern Kyusyu. 

Nippon Suisan Gakkaishi 59(5): 885. 

6) Sakata M, Miwa A, Mitsunobu S, Senga Y (2015) 

Relationships between trace element concentrations 

and the stable nitrogen isotope ratio in biota from 

Suruga Bay, Japan. Journal of Oceanography 71: 

141-149. 

7) Foster K L, Stern G A, Pazerniuk M A, Hickie B, 

Walkusz W, Wang F, Macdonald R W (2012) 

Mercury biomagnification in marine zooplankton 

food webs in Hudson Bay. Environmental Science & 

Technology 46: 12952-12959. 

8) 2004   

9) , 1977  . 

 19(1): 35-43. 

10) Chen Celia Y, Folt Carol L (2005) High plankton 

densities reduce mercury biomagnification. 

Environmental Science & Technology 39: 115-121. 

11) Hirota R, Asada J, Tajima S, Fujiki M (1983) 

Accumulation of mercury by the marine copepod 

Acartia clausi. Bulletin of the Japanese Society of 

Scientific Fisheries 49(8): 1249-1251. 

12) Hammerschmidt C R. Finiguerra M B, Weller R L, 

Fitzgerald W F (2013) Methylmercury accumulation 

in plankton on the continental margin of the 

Northwest Atlantic Ocean. Environmental Science 

& Technology 447: 3671-3677.  

 

  



 

 

- 112 - 

 

RS-16-16  

Development of mercury stable isotope analysis system and its application to the environmental / 

biological samples 
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Development of a simple method for the determination of monomethyl mercury in least 

developed countries 
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╢ ─▪♩Ⱨכ ⁸☻כ◔╩ ▪꜠

כ◑ꜟ ─ ╩◖fi♩꜡כꜟ≤⇔

≡⁸ ╩ ™√ ⅔╟┘ ≤

ה ─ ─ ╩ ℮⁹ ≤ ⌐ ╕╣╢

⅔╟┘∕─ ─ ─꜠ⱬꜟ╩ ⇔⁸▪♩

Ⱨכ ⁸⅔╟┘∕─ ─ כ◑ꜟ꜠▪

≢ ╩ ∆╢⁹ 

H28 ╕≢⌐◖fi♩꜡כꜟ ⁸▪♩Ⱨכ

─ ╩ ™⁸ ─

─ ╩ ⅎ⁸FFQ─ ╩ ╦∑≡ ≢№

╢⁹ 
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JICA  
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13 3 2016 5  6
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9. 28   

 

Chan HM               

David Schmeltz                

Do Thi Thu Hien                   

Domingo JL              

Hoang Thi Van Anh                

Horvat M                 

Jeroen Sonke               

Mark Olson                

Rong Sheu               

Samu Juhana Taulu                

                

                

               

                 

                

                  

                  

                

                  

                

                 

                 

                 

             

               

              

             

 

⁸  
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10. 28   

 
] 

  

 

[ ] 

 

[ ] 

1

5

 

 

] 

 

[ ] 

 

[ ] 

 

 

] 

   

  

[ ] 

  

[ ] 

ⱷ♅ꜟ ┼─ │ⱥ♩ ┘ ⌐⅔™

≡ ╩ ⅝ ↓∆↓≤⅜ ╠╣≡™╢⁹

⁸ⱷ♅ꜟ ⌐ ⇔√ ⌐⅔↑╢

│⁸ ─ ☻♥♪♇꜡♃כ꜡⁸

♩⁸ⱨ♇♩ⱪꜞfi♩♥☻♩ ⌐╟╢ ⅜ ↕

╣≡™╢⁹ ⌐⅔™≡│⁸2 ⸗♦ꜟⱴ

►☻ KK-Ay╩ ™√ ╩ ╘≡™╢⅜⁸KK-Ay

│ ╩ ℮√╘⁸↓╣╠─ ─ ⅜

≢№╢⁹∕↓≢⁸  (Dynamic Weight 

Bearing : DWB) ♥☻♩⌐╟╢ ─

╩ ∆╢↓≤╩ ≤⇔√ ╩

╘≡™╢⁹ 

⌐⅔↑╢ ─ ≤⇔≡⁸ⱴ

♇♁fiכ♫♪ꜟכ◗ה ┘ⱴ◒꜡ⱨ□כ☺ⱴ

CD68,CD163,CD204)כ◌כ )╩ ™√

⌐╟╢ ⌐⅔↑╢ ─

╩ ╖√⁹∕─ ⁸ⱷ♅ꜟ ─ ⌐╟

╡ ╩ ⇔√KK-Ayⱴ►☻─ ⌐⅔

™≡⁸ⱴ♇♁fiכ♫♪ꜟכ◗ה ┘ⱴ◒꜡ⱨ

─☺כ□ ⌐╟╡ ⌂ ⅜ ↕╣√⁹ 
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11. 28   
 

  

 

 ⌐⅔↑╢ ₓ 

 

 

 
 

 
 
 

 
 

( ) 

(C) 

    

( 26 28 ) 

3,800 

(C) 

     

( 27 29 ) 

3,700 

(C) 

    

( 27 29 ) 

3,300 

(B) 

    

( 27 29 ) 

2,700 

(B) 

  
  
   

 

( 28 31 ) 

1,0800 

(C) 

      

( 28 31 ) 

3,600 

(C) 

    

( 28 31 ) 

3,700 

 

 
 

 
 
 

(C) 

  

 
   

( 28 30 ) 

 

(B) 

 

 
   

25 28  
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ₒ ⌐⅔↑╢ ₓ 
 

  
( ) 

 

 

 

 
 

 

 
95,296 

  

26 28  

28  

 
31,756 

  

 
  28  

 

10,384 

      

 

  

 

 

  

  

 

 
87,584 

  

26 28  

28  

 
31,145 

   
27  

 
3,744 
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12. 28   

 

Ẽ 28  5 19  

 ( ) 

 

 

 ( ) 

 

 

Ẽ 28  6 21  

 ( ) 

Increasing expression of c-fos through MAPK-

CREB pathway precedes neuronal degenerationin 

site-specific region of methylmercury-intoxicated 

rodent model 

(MAPK-CREB c-fos

)  

 

 ( ) 

 

 

Ẽ 28  7 19  

 ( ) 

  

1: 

SES   

2: 

 

 

 ( ) 

 -  -

-  

 

Ẽ 28  9 13  

 ( ) 

ƽ 

 

 ( ) 

 

 

Ẽ 28 10 18  

 ( ) 

E  

 

 ( ) 

 

 

Ẽ 28 11 22  

 ( ) 

 

 

 ( ) 

 

 

 ( ) 

 

 

Ẽ 28 12 20  

 ( ) 

 

 

 ( ) 

 

 

 

Ẽ 29  1 17  

 ( ) 
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)  -

3 -  
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13. 28   

 

28  

 

6 29   

 

 

 

 

    

 

 

 

 

11 29    

 

 

  

 

 

 

 

  

20 10 1   

21 4 1   

25 6 5   

26 4 1  
 

 

27 2 18   
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┼─  

ה  ─

P67 ⌐ ≠⅝⁸3 28 ⁸ ─≤⅔╡

╩ ∫√⁹ 

 

 

 

  

29.3.30( )  31-1 

10

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

─ⱦ☺ꜛfi⌐≈™≡─  

┼─ ─ ⌐⅔™≡ 
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14. 28  

 

7 23

80

268  

 

 

 

Ợ₈  ₉כꜙfiⱦꜗ◦כ○─╠⅛

 

 

─ ╘╩ ⇔╪≢™√∞™√⁹ 

 

 

 

 

 

 

 

Ợ₈ ∫≡≥╪⌂≤↓╤ ₉ 

 

 

 

 

Do you  
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Ợ₈   

⁹ 

 

 

 

 

 

 

 

Ợ  
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3R
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15. 28   

1.  

     

 

 

 

 
6  

 

Implications of mercury concentrations in 

umbilical cord tissue in relation to maternal 

hair segments as biomarkers for prenatal 

exposure to methylmercury 

H28.5.23-

5.30 

 

 

 

 

 

 

 
H28.5.17-

7.1 

 

 CIRA

 

 

 

(ECD )

 

H28.5.31- 

7.1 

 

 

 

 

-

 

 

H28.7.24-

7.29 

 

 

 

 15

 

Relationship between 

concentrations of docosahexaenoic acid, 

arachidonic acid, selenium and mercury in 

maternal and cord blood 

H28.8.13-

8.21 

 

 

Methylmercury exposure and 

health survey in a whaling town, Japan  

 

 

 

 

 

 H28.9.15-

9.28 
 

  

 

 

 

 

 

 

H28.11.14-

12.20 

 

  

H28.11.28-

12.13 

 

 

 

 

2 WHO

 

WHO

 

28.11.26-

12.1 
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H28.12.12 -

12.17 

 

 

 

 

 

 

 

H29.1.15-

2.28 

 

 

 

 

2017 

 

ICMGP

 

H29.1.31- 

2.5 

 

 

 

 

 

 
 

H29.2.1-

2.28 

 

 

 

  

 2016  

  
 201

 

H28.2.26- 

3.5 

 

 

 

 

Society of Toxicology's 55th 

annual meeting 
2016  

H29.3.13- 

3.18 

 

 

 

 

 

  

H29.3.13- 

3.19 

 

 

 

 

 

 

 

H29.3.18- 

3.26 

 

  



 

 

- 156 - 

2.  

     

Irina Zastenskaya 

WHO European Centre for 

Environment and Health, WHO 

Regional Office for Europe 

( ) 

PPTox /

 

H28.11.11-

11.18 

 

  

Michael Aschner 

Department of Molecular 

PharmacologyAlbert Einstein 

College of Medicine 

( ) 

NIMD

2016  

H28.12.5-

12.8 

 

 

 

 

 

Sandra Ceccatelli 

Department of Neuroscience 

Karolinska Institutet 

( ) 

Yukun Yuan 

Department of 

Pharmacology/Toxicology 

Michigan State University 

( ) 

Jean-Paul 

Bourdineaud  

University of Bordeaux CNRS, 

Fundamental Microbiology and 

Pathogenicity Laboratory 

European Institute of Chemistry and 

Biology 

( ) 

Sebastien Cambier 

LIST - Luxembourg Institute of 

Science and Technology 

( ) 

Matthew D. Rand 

University of Rochester School of 

Medicine and Dentistry Dep't. of 

Environmental Medicine,  

( ) 

Muflihatul Muniroh   

Department of Physiology, Faculty 

of Medicine, Diponegoro University 

( ) 
 

29.2.20-

2.25 
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16. 28   

1.  

 ( ) 
 

( ) 

 

( ) 
   

H28.5.31 
 

 
 20 

 

 

 

8.3 ASEAN6 7

 

 22  
 

 

9.6 
JST  

( ) 
 9 

 

 

 

10.30   93  
 

 

11.10   10 

 
 

 

 
 

 

 
 

  

12.9 

JICA

 

  5 

 
 

 

QOL

 

 

 

 

(  

 

 

H29.1.16 

-17 
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2.6-2.10 

LEP2.0
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2.9 
JST  

 
 10  

 

 

 

  

2.23   11 

 
 

 

 
 

 

 
 

 

3.8 JST  
 

12 
 

 

  

3.14 
JICA

 

( )

 
9 

 
 

 

 

 

 

  

3.17 
JICA  

 
( ) 8 
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2.  

 ( ) ( ) 

 

( ) 
  

H28.7.12   40 

 
 

  

 
 

 

 

 

 

 

 
 

 

H28.8.25   6 

 
 

  

 
 

 

H28.11.29   14  
 

  

H28.12.14 

,21 
 

 1 

 
 

 

 
 

 

H29.1.26,27   31  
 

  

H29.2.1   35  
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17. 28   

 

    

H28.6.10         

H28.6.27     

H28.9.7  
  

    

  

  

H28.10.28        
 

  

H28.10.29 
 

 

  

 

      

 

 

 

H28.11.8     
  

 

H28.11.29  
  

      

  

 

H29.2.1     
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19 13     

19 10     

20 10  

22  

22 20  

25 29  

27  

 

☿fi♃כ─ ⌐≈™≡ 

 

   

 

☿fi♃כ ⁸₈ ₉≤™℮⁹ │⁸ ╩ ™≡ ⇔⁸

┘ ╩ ⇔≡™╢⁹⇔√⅜∫≡⁸ ─ ┘ ⌐≈™≡│⁸ ╠ ⌐

⁸ ╩ ≡⁸↓╣⌐ ∫≡ ╩ ⇔√ ≢⁸ ┘ ╩ ⇔⁸

⌐ ⇔≡ ╩ √↕⌂↑╣┌⌂╠⌂™⁹ │⁸ ─ ⌐ ╠⇔⁸↕╠

⌐ ╩ ╡ ↄ ─ ⁸ ─ ⁸ ─ ⁸ ─ ⌂≥

⌐ ∂≡ ⌐ ⇔≡™ↄ ⅜№╢⁹╕√⁸ ⌐⅔™≡│⁸ ─ ⌐ ∆╢

20 10 31 ┘₈ ₉ 21

28 ┘⌐₈ ☿fi♃כ ₉

( 19 13 103 ⁹ ₈ ₉≤™℮⁹)╩ ╕ⅎ╢ ⅜№╢⁹ 

 

⌐≈™≡ 

 

│⁸ ⁸ ┘ ⌐ ┘ ⅜ ↕╣

≡⅔╡⁸ ─↓≤⌂⅜╠↓╣╠⌐ ∫≡ ↕╣⌂↑╣┌⌂╠⌂™⁹ 

 

 

─ ⌐ ≠⅝⁸ ┘

╩ ∆╢√╘⁸ ╩ ─╟℮⌐ ╘╢⁹ 

   

  ☿fi♃⁸│כ ⌐ ↄ⁹ 

  ☿fi♃⁸│כ ⌐ →╢ ╩≈⅛↕≥╢⁹ 

  ─ ⌐ ∆╢ ┘ ┘⌐ ∕─ ─ ─ ┘ ⌐

∆╢ ─℮∟⁸ ⌐ ∆╢ ⌂ ┘ ┘⌐ ┘ ─ ─

⁸ ┘ ╩ ℮↓≤⁹ 

  ⌐ →╢ ⌐ ∆╢ ─ ⌐ ∆╢↓≤⁹ 
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≤ ∆╢↓≤⅜≢⅝╢⁹ 
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⌐≈™≡  

 

┘ ┘⌐ⱷ♅ꜟ ⌐ ∆╢ ╩ ╡ ↄ  

 

─ ⌐ ™⁸ ⌐ ─ ⌐⅔™≡│ ⌐ ℮ ⇔™

ADL ─ ╩╖╢ ╙№╡⁸ ≤⇔≡ ╩ ↑≡™╢≤⇔≡╙ ⌂

⁸ │ ⇔≡™╢ ⅜№╢⁹ 

∕─╟℮⌂ ⁸ 21 ⌐₈ ─ ┘ ─ ⌐ ∆╢

₉⅜ ⇔⁸ 22 16 ⌐│ ┘ ─ ⌐ ≠ↄ ─

⅜ ↕╣√⁹ 

⌐│⁸2003 ⅛╠ UNEP⌐╟╡ ⱪ꜡◓ꜝⱶ⅜ ↕╣⁸ ─

╛ ⌐ ↑≡ ╡ ╖⅜ ╦╣√⁹∕─ ⁸ 25 10 ⌐ ⁸ ≢₈

⌐ ∆╢ ₉─ ┘ ⅜ ↕╣⁸ ─ ┘ ⅜ ╦╣√⁹

⌐⅔™≡│⁸ │₈MOYAI▬♬◦▪♥▫Ⱪ₉≤⇔≡⁸ ─ ⌐ ↑√ ╩

∫≡™ↄ↓≤╩ ⇔√⁹╕√⁸ ⱷ♅ꜟ ⌐⅔↑╢ ┼─ ⅜ ╕∫≡⅔

╡⁸ ⌂ ╙ ↕╣╢ ⁸ ╛ ┼─ ╛ ⌂≥⅜

⌐⌂∫≡⅝≡™╢⁹ 

 

─  

 

⌂ ╩ ≤ ╘⁸ ≢ ╩ ∆↓≤≤∆╢⁹ 27 ⌐ √

⌂ ─₈ ☿fi♃כ 2015₉╩ ⇔⁸ │⁸

₈ ₉⌐ ≠⅝⁸ ⌐⅔↑╢ ╩ ┘ ─ ╩ ≤

⇔⁸↕╠⌐ ⌐ ⁸ ⌐ ╠⇔⁸ ⌂ ╩ ≤∆╢ ╩ ∆

╢⁹ 

⌐≈™≡│⁸ ⌂ ≤ ⅎ≡ ∆╢↓≤⌂ↄ⁸ ₈

₉⌐ ≠⅝⁸ ╩ ╡ ↄ ─ ⁸ ─ ⁸ ─ ⁸

─ ⌂≥⌐ ⇔√ ≤⌂∫≡™╢⅛≥℮⅛─ ╙ ╘⁸ ≢ ℮⁹ │

25 ⌐ ⇔√√╘⁸ │ 28 ⌐ ⇔⁸ ⌐ ∆╢↓≤≤∆╢⁹ 

 

 

 

┘ ╩ ╕ⅎ⁸ ≤ ⌐ ╖⁸ ⌐ ⅜ ╘╢ ה

≤∕╣⌐ ∆╢ ⌐ ∆╢ │⁸ ─≤⅔╡≤∆╢⁹ 

ᵑⱷ♅ꜟ ─  

ᵒⱷ♅ꜟ ─  

ᵓ ─ ┼─  

ᵔ  

╕√⁸ ה ≤∕╣⌐ ∆╢ ⌐≈™≡│⁸ ─ ⅎ ≢ ∆╢⁹ 
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ᵑⱪ꜡☺▼◒♩ ה ─  

⌐≈™≡⁸ ─ ⌂ ┘ ╢╟⌐ⱶכ♅─ ה

╩ ∆╢⁹ 

ᵒ ─  

⅛╠⁸ ─ ─ ╩≈ↄ╡⁸↕╠⌐ ─ ╛ ─

╩ ╢√╘⁸ ╩ ∆╢⁹ 

ᵓ ה ⌐ ∆╢  

╛ ⌐ ∆╢ │ ─ ─╖─ ≢│⌂ↄ⁸ ≤⇔≡

╡ ╗↓≤≤∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ( 25 ╟╡ ) 

 

 

ה

 

ה  

 

 

  

 

ꜞⱢⱦꜞ♥כ◦ꜛfi  

 

 

 

 

 

 

 

 

 

 

ה   

 

 

   ☿fi♃כ  
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☿fi♃כ 2015 
 

27 4 1  

1504016  

 

         

1. │∂╘⌐ 

☿fi♃כ ₈ ₉≤™℮⁹ │⁸₈ ⌐ ∆╢ ⌂

⁸ ┘⌐ ─ ─ ⁸ ┘ ╩ ℮↓≤⁸↕╠⌐↓╣╠⌐ ∆╢

─ ₉╩ ≤⇔≡ ↕╣√⁹↓─ ╩ ╕ⅎ⁸ 19 ⌐₈ ─

⌐≈™≡₉╩ ╡╕≤╘⁸ ┘ ╩ ⇔√⁹↓─ ⌐╙≤≠™≡⁸

22 ⅛╠ 2010⅜ 5 ─ ≢ ↕╣⁸ ⌐╟╢ ╩ ↑

√⁹ 

⌐│⁸ 21 ⌐₈ ─ ┘ ─ ⌐ ∆╢

₉⅜ ⁸ 25 10 ⌐│₈ ⌐ ∆╢ ₉⅜ 92◔ ⌐╟╡ ≢

↕╣√⁹↓─ ⌐⅔™≡⁸ │⁸ ─ ╡ ╖╩ ⇔∆╢ ─ ╛

⅛╠ ה ╩ ⌐ ∆╢ ╡ ╖╩MOYAI ▬♬◦▪♥▫Ⱪ≤⇔≡

⌐ ⇔√⁹ 

↓╣╠─ ╛ ⁸ ╩ ╡ ↄ ─ ≤ 2010─

⁸ ╩ ╕ⅎ⁸ 27 ⅛╠ ∆╢₈ ☿fi♃כ

2015₉ ₈ 2015₉≤™℮⁹ ╩ ∆╢╙─≢№╢⁹ 

 

2. 2015─  

2015─ │⁸ 27 ⅛╠ 31 ─ 5ﬞ ≤∆╢⁹⌂⅔⁸∕─ ⁸

⌐ ∂ ╩ ∆↓≤≤∆╢⁹ 

 

3. 2015─ ה ≤ ⌐ ∆╢  

─ │⁸₈ ┘∕─ ≤⌂∫√ⱷ♅ꜟ ⌐ ∆╢ ⌂ ה

╛ ─ ה ╩ ™⁸∕╣╠─ ╛ ─ ╩ ℮↓≤≢⁸ ─ ─

╩ ⇔⁸ ─ ⌐ ∆╢↓≤₉≤↕╣≡™╢⁹ 

2015≢│⁸ ≤ ⌐ ╖⁸ ⅜ ╘╢ ה ≤∕╣⌐

∆╢ ⌐ ∆╢ │⁸ ─≤⅔╡≤∆╢⁹ 

 

(1) ⱷ♅ꜟ ─  

(2) ⱷ♅ꜟ ─  

(3) ─ ┼─  

(4)  

 

ה  .4 ≤∕╣⌐ ∆╢ ─ ╘  

ה ≤∕╣⌐ ∆╢ ⌐≈™≡│⁸ ─ ⅎ ≢ ∆╢⁹ 
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(1)  ⱪ꜡☺▼◒♩ ה  

⌐≈™≡⁸ ─ ⌂ ┘ ╢╟⌐ⱶכ♅─  

ה ╩ ∆╢⁹ 

(2)   

⅛╠⁸ ─ ─ ╩≈ↄ╡⁸↕╠⌐ ─ ╛

─ ╩ ╢√╘⁸ ╩ ∆╢⁹ 

ה  (3) ⌐ ∆╢  

╛ ⌐ ∆╢ │ ─ ─╖─ ≢│⌂ↄ⁸ ≤

⇔≡ ╡ ╗↓≤≤∆╢⁹ 

 

ה .5 ─ ⌐≈™≡ 

(1) ─  

⌐ ה ╩ ∆╢√╘⁸ ─ ≤ ⁸ ─ ⁸ ≤

─ ─ ⁸ ─ ─√╘─ ⁸ ─ ─ ה ⁸ ─

╩ ⅜ ≤⌂∫≡ ⅜ ∆╢⁹ 

(2) ≤─ ─  

⅜ ⌐ ∆╢ ─ Ⱡ♇♩꞉כ◒⌐⅔↑╢ ≤⇔≡─ ╩ √

∆√╘⌐│⁸ ≤─ ╩ ⇔⁸ ⅛╣√ ≤⇔≡ ⇔⌂↑╣┌⌂╠⌂

™⁹∕─√╘⁸ ─ ┘ ≤ ⌐ ╩ ∆╢╒⅛⁸

╩ ⇔≡™╢ ⁸ ⁸ ⁸ ≤─ ╩ ∆

╢⁹ 

(3) ─  

─ ≤─ ⁸ ╩ ⇔⁸ ⅛╠─ ╩

⌐ ↑ ╣⁸ ─ ─ ╩ ╢≤≤╙⌐⁸ ─ ╩ ╢⁹ 

(4) ⱪ꜡☺▼◒♩ ה ─  

─ 2015⌐⅔™≡│⁸ⱷ♅ꜟ ─ ⌐╟╢ ⅔╟┘ ⌐

∆╢ ⁸ⱷ♅ꜟ ⌐╟╢ ≤ ⌐ ∆╢ ⁸ ─

ה ⁸ ─ ⅔╟┘ ╩ ≤ ↑⁸

─ⱪ꜡☺▼◒♩ ה ╩ ╘╢↓≤≤∆╢⁹ 

1. ⱷ♅ꜟ ─ ⅔╟┘ ⌐ ∆╢  

2. ⱷ♅ꜟ ─ⱥ♩ ⅔╟┘ ⌐ ∆╢  

3. ─√╘─ ─ ה  

4. Ⱡ♇♩꞉כ◒╩ ⇔√ ⌐⅔↑╢ ─

⅔╟┘ ⌐ ∆╢  

ⱪכꜟ◓ (5) ─  

─ ╖⌐ ╠╣⌂™ⱨ꜠◐◦Ⱪꜟ⌂ ╩ ⌐∆╢√╘⁸ ⱪ꜡☺▼◒♩

ה ⁸ ⁸ ╩∕─ ⌐╟╡ ─ ⌐ⱪכꜟ◓ ⇔⁸ ⱪכꜟ◓

≢ ╩ ⇔⁸ ╩ ⌐ ⇔≈≈⁸ ⌐ ה ┘ ╩ ∆

ⱪכꜟ◓⁸√╕⁹╢ ─ ╩ ℮√╘⁸ ⱪכꜟ◓│⌐ⱪכꜟ◓ ╩ ↄ⁹ 
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ᵑ ⱷ◌♬☼ⱶ◓ꜟכⱪ 

ⱷ♅ꜟ ─ ⱷ◌♬☼ⱶ╩⁸ ꜠ⱬꜟ ( , )⁸ ꜠ⱬꜟ 

( ) ⅔╟┘ ꜠ⱬꜟ ( ) ⌐⅔↑╢ ▪ⱪ꜡כ♅⌐╟∫≡

⇔⁸∕─ ╩ⱷ♅ꜟ ─ ⁸ ⅔╟┘ ⌐ ∆╢↓≤╩ ≤

∆╢⁹ 

ᵒ ◓ꜟכⱪ 

─ ⌐⅔↑╢ ╩⁸ ╛ MRI⌐╟╢ ╛

fiꜛ◦כ♥ꜞⱢⱦꜞ╢↑⅔⌐☻כ◔ꜟ♦⸗ ⁸ ╩ ⇔≡ ⇔⁸

─ ⌂ ⅔╟┘ ─  (ADL)⁸ ─  ( QOL)─

─√╘─ ⌂ ─ ⌐ ∆╢↓≤╩ ≤∆╢⁹ 

ᵓ ה  ⱪכꜟ◓

⌐ ∆╢ⱷ♅ꜟ ─ⱥ♩┼─ ┘ ╩ ⌐ ∆

╢⁹ ⌐⁸ⱷ♅ꜟ ─ ┘ ה ╛ ╩ ≈ ─ ™

╩ ≤⇔⁸ Ᵽ▬○ⱴכ◌כ╩ ™√ⱷ♅ꜟ ─ꜞ☻◒ ⌂╠┘⌐

─ ╩⁸ ╩ ⌐ ╣⁸ ╩ ⌐ ≢ ⇔⌂⅜

╠ ∆╢⁹ 

ᵔ ה  ⱪכꜟ◓

─ ╛ ─ ╩╙≤⌐⁸ ─ ⌐ ↑√ ╩ ∆╢≤≤

╙⌐⁸ ─ ⌐ ≠™√ ┘ꜞ☻◒ ─ ╩ ™⁸

↓╣╠╩ ∂≡⁸ ─ ╛ ┘ ╛ ─ ⁸ ─

≤─ ┘⌐ ─ ╩ ╗ ─ ⌂ ⌐ ∆╢↓≤╩ ∆⁹ 

ᵕ ◓ꜟכⱪ 

─ ⌐⅔↑╢ ⁸ ⁸ ─ ≤∕─ ╩ ⇔≡⁸

⁸ ⁸ ⁸ ⌂≥╩ ╘√ ⌂ ╩ ℮⁹ ⁸ ⁸

⁸ ⁸ ╩ ≤⇔⁸ ╩ ⌐⁸ ⁸ ▪☺▪ ╩ ≤

∆╢⅜⁸ ⌐≈™≡│⁸ ╩ ⌐™╣≡ ∆╢⁹ 

ᵖ ◓ꜟכⱪ 

NIMDⱨ◊כꜝⱶ ╩ ∂⁸ ⌐╟╢ ≤─ ╛ ⌐ ∆╢

─ ╩ ╢⁹ ⌐ ⌐ ⇔≡™╢ ⌐☼כ♬─ ∂⁸

☿fi♃כ⅜ ∆╢ ╛ ה ╩ ⌐ ∆╢⁹╕√ ⌐ ∆╢

⌐⅔™≡⁸ ⅜ ─ ≤⇔≡ ⌐ ⇔√MOYAI▬♬◦▪♥▫Ⱪ≢ ≠

↑╠╣√ ⌂ ─ ╩ⱷ♅ꜟ ⌐ ╩№≡≡ ∆╢⁹ 

(6) ⁸ ─  

2010─ ╩ ⌐⁸ ה ⁸ ─ ⁸ ⁸ ─

⇔ ─ ⅛╠ ─≤⅔╡ ⇔√⁹ ⁸ ה ⌐ √∫≡│⁸ ╩╙

≤⌐⁸ ╩ ⇔≡⁸ ה ─ ╘ ⌐≈™≡ ∆↓≤≤∆╢⁹ 

ה (7) ─ ─  
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ה ≢ ╠╣√ ⌐≈™≡│⁸ ∆╢↓≤⅜ ≢№╢⁹ ⌐

↕╣√ │⁸ ┼─ ╩ √∆√╘⁸ⱱכⱶⱭכ☺♩Ⱨ♇◒ ⌐⅔™≡

≤⇔≡╦⅛╡╛∆ↄ ∆╢⁹↕╠⌐ ╛ ₁⌂ ╩ ⇔≡╟╡

⌐ ⌐╙ ↄ╦⅛╡╛∆ↄ ╩ ⇔⁸ ╠╣√ ─ ⌐ ╘

╢⁹ 

(8) ─  

─ ┘ ─ ─ ╩ ╡⁸ ─ ≤╙ ⇔ ⌂

╩ ™⁸ ─ ⌐ ╘╢⁹ 

(9) ⁸  

⁸ ─ ⁸ ↨╪╛ ⁸Ɫꜝ☻ⱷfi♩⁸ ─ ⌂ ≤™∫√

│№∫≡│⌂╠⌂™╙─≢№╢⁹ ╛ ⌐ ∆╢ ╩ ╘⁸ └≤

╡⅜◖fiⱪꜝ▬▪fi☻ ⌐ ∆╢ ™ ╩ ∆╢√╘⁸ ⌂ ה

╩ ∆╢⁹ ⌐≈™≡│⁸ ╩ ⇔≡ ⌐ ⇔⁸ ─ ⁸

┘ ⌐ ∆╢ ╩ ∆╢⁹ 

╕√⁸ⱥ♩╩ ≤∆╢ ╛ ⁸ ╩ ™╢ ⌐⅔™≡│⁸∕─

⌐≈™≡ ⌐╟╢ ╩ ≡ ⁸ ╩ ⇔≈≈ ╩

∆╢⁹ ⌐⁸ ╩ ™╢ ⌐⅔™≡│⁸₈ ┘ ┘⌐ ─

⌐ ∆╢  ⌐ ⇔√ ₉─ ⌐≈™≡ ┘ ⌐╟╢

╩ ™⁸∕─ ╩ⱱכⱶⱭכ☺⌐╟╡ ∆╢⁹  

 

6.  ─  

╛ ┼─ ⁸ ╩ ∆╢√╘⌐⁸ ─

┘ ╩ ⌐ ⇔√ ─ ╡ ╖╩ ℮⁹ 

 

(1) ┘MRI╩ ⇔√ⱷ♅ꜟ ─ ⅔╟┘ ─ ⌐

∆╢ ─  

20 ⅛╠ ⇔√ ┘ 24 ⅛╠ ⇔√MRI╩ ⇔≡⁸ⱷ♅

ꜟ ⌐≈™≡⁸ ⅔╟┘ ╩ ⌐ ∆╢◦☻♥ⱶ─ ╩ ⇔

≡ ╩ ∆╢⁹╕√⁸ ⌐ √∫≡│⁸ ☿fi♃⁸כ

⁸ ⁸ ≤ ⇔⁸ ⅔╟┘MRI╩

⌐ ∆╢⁹ 

(2 ⌐ ∆╢ ─  

⁸ ⌐ ה ─ ⌐ ∆╢ ╛

─ ─ ─ ⌐≈™≡⁸ ─ ┘ ⁸ ⁸ꜞⱢⱦꜞ♥

fiꜛ◦כ ─ ™ ≤ ╩ ™⁸∕─ ⌐≈™≡ ∆╢⁹╕√⁸ ⁸

─ ⌐ ╩ ⅎ√ ⌐≈™≡╙ ⌐ ∆╢⁹ 

 

(3) ꜞⱢⱦꜞ♥כ◦ꜛfi─  

⁸ ╩ ≤⇔√ ─ QOL─ ╩ ─ ⌐⁸♦▬◔▪─⅛

√∟≢ ꜞⱢⱦꜞ♥כ◦ꜛfi╩ ⇔⁸ ⇔™ꜞⱢⱦꜞ♥כ◦ꜛfi ╛ ╩
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╡ ╣√ꜞⱢⱦꜞ♥כ◦ꜛfi ╩ ⌐ ⇔⁸ ⌐ ℮ ╛ ─ ⌐

⇔√ⱪ꜡◓ꜝⱶ⌐╟╢ ┘ ADL ─ ╩ ∆⁹↕╠⌐⁸ ─ ─ ⁸

∟ ╛ ⁸ ₁─ ≢─ QOL ─√╘⌐ ╩ ™⁸ADL

╛ ⁸ ╛ ⌐≈™≡ ⁸ ∆╢⁹ 

 

(4) ⱷ♅ꜟ ⌐⅔↑╢ ─  

⅛≈≡─ⱷ♅ꜟ ⌐⅔↑╢ ─ ⌐ ℮ ⌐ ⇔≡⁸ADL ─

╩ ∆╢↓≤≢ ⌐≈⌂⅜╢╟℮⁸ꜞⱢⱦꜞ♥כ◦ꜛfi╩ ╗ ╩ ℮⁹

⌐│⁸ 18 ⅛╠ 24 ╕≢ ⇔√ ─ ╩╙≤⌐⁸ ⌐

⇔√ ⌐ ∆╢ ה ╩ ™⁸ ⌐⅔↑╢ ─ ⌐ ∆╢⁹ 

(5) ⁸ꜞⱢⱦꜞ♥כ◦ꜛfi ⌐ ∆╢ ─  

─ ─ ╩ ™⁸ ⁸ꜞⱢⱦꜞ♥כ◦ꜛfi ╩ ⌐

↕∑╢√╘⌐⁸ ⁸ꜞⱢⱦꜞ♥כ◦ꜛfi⁸ ╩ ⌐⇔≡⁸ ≢ ⇔≡

™╢ ╩ ⅝⁸ ⁸ꜞⱢⱦꜞ♥כ◦ꜛfi ⌐ ∆╢ ╩ ⇔⁸ ─

⁸ ─ ╩ ╢⁹ 

ה (6) Ⱡ♇♩꞉כ◒≢─ ─  

╛∕─ ┼─ ─☻ⱦכ◘ ⌐ ╦╢ ≢ ↕╣╢

₈ ה Ⱡ♇♩꞉₉◒כ⌐ ⇔⁸ ≤─

╩ ™⁸ ≤↕╣╢ꜞⱢⱦꜞ♥כ◦ꜛfi ⁸ ─ ╩ ℮⁹ 

(7) ≤─ ─  

╛ ⁸ ⁸ ה

─ ⌐ ╢ ≤─ ╩ ╡⁸ ⌐ ∆╢ ╛

╩ ∆╢⁹ 

⌐⅔↑╢ ⌐⅔™≡╙⁸ ┘ ─ ╛ ┘⌐

─ ╛ ╩ ⇔≡ ╩ ⇔⁸∕─ ─ ≤ ≤─ ╩

⇔√ ╩ ∆╢⁹ 

(8) ⌐ ↑√☿♇◦ꜛfi ─  

─ №╢ ╩ ∆╢√╘⌐⁸ ≤─ ⌐ ╦╢  

╩ ╕ⅎ≡⁸₈ ─╕∟≠ↄ╡₉⌐≈™≡ ╩ ℮ ≤─ ─ ⱨꜙכ

fiꜛ◦♇☿כꜗ♅ ╩ ↑⁸ ⌐ →╢ ה ╩ ∆╢⁹ 

(9) ☿fi♃כ╩ ⇔√ ─  

☿fi♃כ╩ ⇔≡ ─ ╛ ┘ ╛ ╩ ∆╢⁹ 

 

7. ─  

₈ ⌐ ∆╢ ₉⌐⅔™≡ ⅜ ⌐ ⇔√MOYAI ▬♬◦▪♥▫Ⱪ─

┘ ─ ─ ╩┤╕ⅎ⁸ ⌐ ∆╟℮⌂ ╩ ℮⁹ 

 

(1) ┘ ─  

9 ⁸ ≢ ⇔≡⅝√ NIMD ⱨ◊כꜝⱶ│⁸ 19 ⁸

⌐⅔↑╢☻Ɑ◦ꜗꜟה☿♇◦ꜛfi≤⇔≡╙ ∆╢╟℮⌐⌂∫√⁹ ╙⁸
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─ ≤─Ⱡ♇♩꞉כ◒ ⁸ ⌐⅔↑╢ ה ─ ⌐≈™≡

─ ┼─ ⁸ ⅛╠─ ⁸ ⌐ ─ ┼─

─ ─ ≤⇔≡⁸NIMD ⱨ◊כꜝⱶ╩ ∆╢⁹ ⌐⅔↑╢Ⱪ

─≢☻כ ⌐ ∆╢ ⌐≈™≡╙ ⇔≡ ∆╢⁹ ⌐⁸ ─

⌐ ∆╢WHO ☿fi♃כ≤⇔≡─ ╩ ∆╢≤≤╙⌐⁸UNEP ⱪ꜡◓

ꜝⱶ⌐⅔™≡╙⁸ ⌐ ⇔√ ☿fi♃כ≤⇔≡─ ╩ ⇔≡™ↄ⁹╕√⁸

⌂ꜟⱣכ꜡◓ ┘ⱥ♩─ ⸗♬♃ꜞfi◓─ ⌐╙⁸ ⌐ ∂⁸

⅛╠─ ╩ ∆⁹ 

(2) ─  

⅜ ⌂ ≢№╢√╘⌐⁸ ⅛╠─ ╩ ⌐ ↑

╣╢⁹∕─√╘⁸ ─ ⌐ ∆╢ ה ╛ ╩ ∆╢ ⁸

╩ ≢⅝╢ ╩ ∆╢⁹ 

⌐⅔↑╢ ⌐ ⇔≡⁸ ⅜ ∆╢ ╛ ┘

╩ ⅛⇔⁸ ≢─ ה ⁸ ה ╩ ℮⁹ 

↓╣╠⌐ ⇔≡⁸JICA⁸∕─ ≤─ ╩↓╣╕≢ ⌐ ╘╢≤≤╙⌐⁸╟╡

⁸ ⌂ ─√╘⁸ ≤⇔≡ ⌐ ⱪ꜡◓ꜝⱶ⌐ ⇔⁸∕─

╛ ⌐ ⇔≡ ╩ ℮⁹ 

(3) ─ ┘ ⌂ ─  

₈ ⌐ ∆╢ ₉ ⁸ ⌐ ↑⁸ ≢│ ─ ™

⅜ ↕╣╢↓≤⅜ ⌐☼כ♬─╠╣↓⁹╢╣↕ ∆╢√╘⌐⁸ ─

┘ ─ ╩ ╢≤≤╙⌐⁸ ≢╙ ⌂ ⌂ ─

╩ⱷ♅ꜟ ⌐ ╩ ≡≡ ∆╢⁹ 

 

8. ≤ ─ ┘ ─  

 

(1) ☿fi♃כ ─   

⌐ ∆╢ ≤ ╩ ⌐ ∆╢↓≤╩ ⌐ ↕╣√ ☿fi

─כ♃ ╩╟╡ ↕∑╢√╘⁸ ─≤⅔╡ ∆╢⁹ 

ᵑ ⌐ ∆╢ ה ╛ ╩ ה ∆╢

─ ≤⇔≡⁸ ─ ⌐ ∆╢ ┘ ─ ∆╢ ─

⌐ ∆╢ ─ ⌐ ╡⁸ ╩ ™⁸∕╣╠─ ⌂ ה ╩

∆╢⁹↕╠⌐⁸ ─ ─ ⌂ ─ ⌐≈™≡⁸ ─

╩ ╕ⅎ≈≈⁸ ─ ╩ ╢⁹ 

ᵒ ─ ╛ ⁸ ⌐☼כ♬─ ⇔√ ⌂ ╩

⇔⁸ ─ ╩ ℮⁹ 

ᵓ ∆╢ ┘ ☿fi♃כ≤─ ה ╩ ⇔⁸

⌂ ─ ╩ ∆╢⁹ 

(2) ⱱכⱶⱭכ☺─  
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ⱱכⱶⱭ⁸│☺כ ─ ╩ ⌐ ⅎ╢─⌐ ⌂ ≢№╡⁸

⁸ ⁸ ⁸ ⁸NIMD Forum ─ ╩⁸ ─╖⌂╠∏ ↄ─

⅜ ≢⅝╢╟℮⁸╦⅛╡╛∆ↄ⁸♃▬ⱶꜞכ⌐ ∆╢⁹  

(3) ⌐ ∆╢ ─  

╛ ⁸ ─ ▬ⱬfi♩ ⌐⅔™≡⁸ ⌐ ∆╢ ⌐ ∆╢⁹

┘ ☿fi♃כ─ ⅔╟┘ ▬ⱬfi♩ ⌂≥ ⌐

╩ ⇔⁸ ╩ ℮⁹ ⌐ ∆╢ ™ ╦∑┼ ⌐ ∆╢≤≤

╙⌐⁸ ⌐ ⇔≡ ⇔√Ɽfiⱨ꜠♇♩╛WEB◘▬♩⌂≥╩ ⇔≡⁸ⱷ♅ꜟ

╩│∂╘≤∆╢ ─ ╛ ⌂≥⁸ ∆╢ ⌐≈™≡ ⌂ ─ ה

╩ ∆╢⁹ 

(4)  NIMD+you  ─  

26 ⌐ ╩ ╘√ ₈NIMD+you₉⌐≈™≡│⁸ ╩ ∆╢⁹ 

ⱪfiꜝⱲכ○ (5) ─  

≥╙ ╩ ╘√ ⌐ ⇔≡ ─ ╩ ╘⁸∕─ ╛ ⌐≈™≡

∆╢√╘⌐⁸ ─ ─ ╩ ∆╢⁹ 

(6) ⁸ ⁸ ─ ↑ ╣ 

┘ ☿fi♃כ┼─ ⁸ ⁸ ⌐≈™≡⁸ ⌐ ↑ ╣╢⁹

⁸ ⁸ ⌐ ∆╢ ─ ╢◦☻♥ⱶ╩ⱱכⱶⱭכ☺ ⌐ ∆╢⁹ 

(7) ⌐ ∆╢ ┼─ ╦╡ 

ᵑ ≤─ ⌂ ╩ ╡⁸ ה ─ ⁸ ╩ ™⁸ ⌂

╩ ┼ ∆╢⁹ 

ᵒ ─ ⌐ ∆╢ ┼ ⌐ ⇔⁸ ─ ╩ ∂

≡⁸ ─ ╛ ┼ ∆╢⁹ 

ᵓ ≢ ─ ≤⇔≡ ⌐ ╘╢⁹ 

 

9. ─  

21 8 28 ┘

☿fi♃כ 19 9 13 103 ⌐ ≠⅝⁸ ─

─ ┘ ≤⇔≡─ ╩ ─≤⅔╡ ∆╢⁹ 

 

(1)  

│⁸5 ─ ⌐ ╠⇔⁸ ⌐⅔↑╢ ה ┘

─ ┘⌐ ╩ ⇔√ ≢⁸ ─ ⌐≈™≡ ╩ ═╢⁹

─ 1 ⁸3 ⁸ ─ ⌐ ╩ ∆╢⁹2 ⁸4

│⁸ ⌐ ≠ↄ ≤⇔⁸ │⁸ ⌐ ╠⇔≡ ╩ ∆╢≤≤

╙⌐⁸ ⌐≈™≡ ╩ ═╢⁹ 

 (2)  

│⁸ ─ ⁸ ⁸ ה ┘∕─

┘⌐ ─ ⅜ ⌐ ╠⇔⁸ ≢№╢⅛⁸ ≢№╢⅛⁸ ∆═

⅝ │ ⅛╩ ╠⅛⌐∆╢↓≤╩ ⌐⁸ ╩ 3 ⌐ ∆╢⁹ 
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(3) ─ ≤  

│⁸ ה ╛ ─ ─ ה ⌂ ⌐ ∆╢⁹

ה ┼─ ─ ⌐ ∆╢ ┼─ ╩ √⇔⁸ ─ ↕≤ ╩

⇔⁸ ה ─ ╛ ─ ⅜ ↄ ↕╣╢╟℮⁸ ╩ ∆

╢⁹ 

כ♄כꜞⱪכꜟ◓ (4)  

כ♄כꜞⱪכꜟ◓ │⁸ ⁸ ⁸ ┘ ─ⱪכꜟ◓ ⅛

╠ ↕╣⁸ ╩ ≤∆╢⁹ ╛ ⌂≥─ ─

─ ⁸ ≤─ ─ ⁸ ה ⌐ ╢ ה ─ ⌐≈

™≡ ∆╢⁹╕√⁸ ה ─ ⁸ ╩ ⱪכꜟ◓⁸™ ─ ╩ ╢⁹ 

(5)  

⌐⅔↑╢ ה ┘ ─ ⌐≈™≡⁸ ╩ ∆

╢⁹ ─ ⌐⁸ ╩ ⇔⁸ ─ ⁸ ⌐≈™≡

⇔⁸ │ ─ ⌐ ↕∑╢⁹ כ♄כꜞⱪכꜟ◓⁸│ ⱷfiⱣ⁸⇔≥כ

╩ ≤∆╢⁹ 

 

10. №╢ ─ ≤ ─  

 

(1) ⌂ ≤ ─  

─ √∆═⅝ ⁸ ╩ ╕ⅎ≈≈⁸꞉כ◒ꜝ▬ⱨⱣꜝfi☻╩ ⇔√

⌂ ≤⌂╢╟℮ ─ ⁸ ╛ ─ ┘ ⌐≈™≡

⇔⁸ ─ ╩ ℮⁹ ─ ⌐ √∫≡│⁸ ─ ™ ╩╟╡ ↄ ╘╢╟

℮ ─ ╩ ≈≈⁸ ⌂ ╩ ℮⁹╕√⁸ ─ ─ ⌐ ∆╢╟

℮⁸ ⌂ ╩ ℮⁹ 

(2) ─ ┼─  

⇔≡ ⌐ ╡ ╘╢ ╩ ∆╢√╘⁸ⱷfi♃ꜟⱫꜟ☻ ╩ ⇔⁸

─ ╩ ⌐ ℮⁹ 

(3) ─ ⌂  

╛ ⁸ ─ ⁸ ─ ⌐≈™≡│⁸ ─ ╛

⁸ ─ ה ╩ ╕ⅎ⁸ ─ ╙ ⌐ ╣≈

≈⁸ ⌐ ∆╢⁹ 

╕√⁸ ╩ ╗ ─ ⌂ ╩ ℮√╘⁸◖fiⱪꜝ▬▪fi☻

─ ╩ ╢⁹ 

(4) ┘ ─ ─  

ה ─ ╩ ⌐ ∆╢≤≤╙⌐⁸ ─ ≤─ ה

╩ ╡⁸ ה ─ ╩ ∆╢ ⁸∕─ ╩ ╢⁹ 

(5) ─ ┘ ─ ⌂  

─ ─ ┼─ ╩ ⌐ √∆√╘⁸ ⌂ ╩ ╢≤≤╙

⌐⁸ ┼─ ⅛≈ ⌂ ╩ ℮⁹╕√⁸ ─ ה ╩ ∆╢√╘⁸

─ ⌂ ™╩╟╡ ∆╢⁹ 
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11.  ─  

─ ≤⇔≡⁸∆═≡─ ⌐≈™≡ ╩ ⇔⁸ ─ ╩

╢√╘ ─ ╡ ╖╩ ℮⁹ 

 

(1) ─  

⇔⌂™ ─ ⁸ ─ ⁸ ─ ⁸ ─ LED ╩

℮⁹ ─☻ⱦכ◘ה ┘ ⌐⅔™≡╙⁸ ╩ fiכꜞ◓⁸⇔

╩ ∆╢⁹ 

(2) ⌂ ─  

─ ─ ╩ ∆╢√╘⁸ ─ ⁸ ─ ╩ ⇔⁸ ⌂

╩ ™⁸ ⌐≈⌂→╢⁹ 

(3) ◦☻♥ⱶ─ ה ─  

┼─ ╕≢─ ⌐≈™≡ ⇔⁸ ⌂ ─ ◦☻♥ⱶ─ ה

╩ ∆╢⁹ 

 

12.  

╩ ╕ⅎ√ ה ╩ ℮⁹ 

 

(1) ─  

ᵑ ⌐ ≠⅝⁸ ⇔ↄ│ ─ ≤ ╩ ⇔⁸

ה ⅔╟┘ ─ ⌐ ⅎ╢⁹ 

ᵒ ⇔ↄ│ ─ ─ ⌐≈™≡│ ≢ ╘╢ ─ ⌐ ™ ⌐

∆╢⁹ 

ᵓ ─ ─ ─√╘ ╩ ∆╢⁹ 

(2)  

ᵑ ≢№╢↓≤╩ ╠∏⌐ ╡ ℮↓≤⌐╟╢ ╩ ←√╘⁸ ─

─ ≤ ⌂ ™⌐ ∆╢ ╩ ℮⁹ 

ᵒ ┘ ⁸ │ ─ ┘ ⅜ ⇔√ ─ ╩ ⌐ↄ™

╘╢√╘⌐⁸ ─ ⌐ ∆╢ ≤ ─ ╩ ℮⁹ 

(3)  

ᵑ ⌐╟╡ ∏╢ ╩ ☿fi♃כ─ ⱨ꜡כ⌐ ╦∑≡ ⌐ ⇔

∆╢√╘⌐ ⌂ ╛ ⌐ ∆╢ ╩⁸ ⅔╟┘ ⌐ ∂≡

∆╢⁹ 

ᵒ ⌐ ╕╣╢ ╛ ─ ╙ ⇔⁸ ⌂ ╩ ∆╢⁹ 

(4)  

│ ╩ ⇔≡⅔╡⁸ ⅔╟┘ ⌐

≠ↄ ⌂ ╩ ⇔⁸ ╩ ⇔√ ─√╘─ ╩ ⌐

∆╢⁹ 
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I. ⱪ꜡☺▼◒♩  

1. ⱷ♅ꜟ ─ ⅔╟┘ ⌐ ∆╢  

                       ⱷ◌♬☼ⱶ◓ꜟכⱪ 

2. ⱷ♅ꜟ ─ⱥ♩ ⅔╟┘ ⌐ ∆╢  

                       ⁸ ה  ⱪכꜟ◓

3. Ⱡ♇♩꞉כ◒╩ ⇔√ ⌐⅔↑╢ ─ ⅔╟┘

⌐ ∆╢  

 ⱪכꜟ◓

4. ─√╘─ ─ ה  

 ⱪכꜟ◓                       

 

II.   

1. ⱷ◌♬☼ⱶ◓ꜟכⱪ 

(1) ⱷ♅ꜟ ─ ⅔╟┘ ⌐ ∆╢  

(2) ⱷ♅ꜟ ⌐╟╢ ≤ ┼─ ⁸∕─ ⌐ ∆╢  

(3) ⱷ♅ꜟ ⌐ ∆╢ ⌐ ∆╢  

ה .2  ⱪכꜟ◓

(1) ─ⱷ♅ꜟ ה ┼ ╓∆ ⌐ ∆╢  

─fi꜠☿ה (2) ⌐⅔↑╢ ⌐ ∆╢  

(3) ◒☺ꜝ ─ ⱷ♅ꜟ ─ ꜞ☻◒  

(4) ⱷ♅ꜟ ─ ┘ ─ ⌐ ∆╢  

ה .3  ⱪכꜟ◓

(5) ─√╘⌐₈ ₉╩ ≤∆╢╕∟≠ↄ╡─ ╩ ⌐ 

(6) ⱷ♅ꜟ ─ ꜞ☻◒●Ᵽ♫fi☻⌐ ∆╢  

 ⱪכꜟ◓ .4

(1) ⁸ ⁸ ⌐⅔↑╢ ─ ≤  

(2) ┘∕─ ─ ⌐⅔↑╢ ─ ⌐ ∆╢  

(3) ⅔╟┘∕─ ⌐⅔↑╢ ─ ⸗♬♃ꜞfi◓ ─ ≤ ⌐ ∆╢  

(4) ─ ⌐ ∆╢ ─ ⌐ ∆╢  

5  ⱪכꜟ◓

(1) ⱬ♩♫ⱶ─ ⌐⅔↑╢ⱷ♅ꜟ  
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III.   

 ⱪכꜟ◓ .1

(1) ⌐ ∆╢ꜞⱢⱦꜞ♥כ◦ꜛfi─ ≤  

(2)  

(3) ╩ ™√  

ה .2  ⱪכꜟ◓

(1) ☿fi♃כ⌐⅔↑╢ ⅔╟┘  

(2) ╩ ⇔√  

3  ⱪכꜟ◓

▪◓♫ⱴה▪◓ꜝ◌♬ (1) ─ ⌐ ⌂ ⸗♬♃ꜞfi◓ ─ ┘⁸ ─

╩ ≤⇔√ ─  

(2) ⌐⅔↑╢ ─  

(3) ─  

(4) NIMD ⱨ◊כꜝⱶ ┘꞉כ◒◦ꜛ♇ⱪ 

  



 

 

- 177 - 

28    

      

 

PJ- 16- 01  
  

 

RS- 16- 01  
  

 

RS- 16- 02  
  

 

RS- 16- 03  
  

 

 

PJ- 16- 02  
  

 

CT- 16- 01  
  

 

CT- 16- 02  
 

  

CT- 16- 03  
 

  

 

RS- 16- 04  
  

  

RS- 16- 05  
  

 

RS- 16- 06  
  

 

RS- 16- 07  
  

 

 

RS- 16- 14  
  

 

RS- 16- 15  
  

 

CT- 16- 08  
  

 

CT- 16- 09  
 

  

 



 

 

- 178 - 

      

 

PJ- 16- 03  
 

 

 

RS- 16- 10  
  

  

RS- 16- 11  
  

 

RS- 16- 12  
 

 

 

RS- 16- 13  
  

 

RS- 16- 16  
  

 

 

PJ- 16- 04   
 

 

RS- 16- 09  
  

  

CT- 16- 05   
 

 

CT- 16- 06     

CT- 16- 07     

JICA   

 

 

  



 

 

- 179 - 

28  

           

ה 28.4.1     
 

28.4.1 
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ה
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28.7.11 
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28.10.1     
 

28.10.1 
ה  
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28.12.16 
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28.12.16 
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╟╡ 

29.3.1 
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ה 29.3.31    
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30 3 31 ╕≢ 

29.3.31 
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